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Abstract
The precise diagnostic tests and subsequent prognostic stratification for patients with myelodysplastic syndrome
(MDS) are often cumbersome, yet they are the basis of successful therapy. Diverse treatment options are available for
these patients; however, the decisions in real-life are often not grounded on the available evidence. Although the
International Prognostic Scoring System and revised International Prognostic Scoring System are still driving the
medical approach to MDS patients, additional variables must be considered when therapeutic intervention is needed.
A rational scheme for first-line therapy is described that allows for the possibility of selecting the optimal individual
therapy for MDS patients.
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Introduction
Myelodysplastic syndrome (MDS) refers to a heterogeneous

group of diseases, and it is quite difficult at present to continue to
refer to them as a unique nosologic entity. The diagnosis is difficult
and requires expertise in morphology, cytogenetics, and, increas-
ingly, molecular techniques. The prognosis is dominated by the
disease characteristics; however, individual patient-related variables
such as age, frailty, comorbidities, and personal wishes and
compliance could also be determinants in the choice of therapy.
Regardless, it is clear that the first step to establishing a good
treatment strategy is to properly evaluate each suspect case of MDS
and, once the diagnosis has been confirmed, provide an accurate
prognostication. The International Prognostic Scoring System
(IPSS)1 and the revised IPSS (IPSS-R)2 are tools widely used in first
evaluations. Both scoring systems have taught us to consider MDS
patients in terms of having a low or a high risk of progression to
acute leukemia and to consider the therapies accordingly. Never-
theless, the depth of cytopenia in “low-risk” patients could consti-
tute an obstacle to maintaining a decent quality of life and could
result in death, in the absence of any disease progression. In
contrast, patients with “high-risk”MDS could experience prolonged
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survival with disease stabilization and an acceptable quality of life.
At present, it is fundamental to determine the correct strategy to
manage MDS, because, although several therapeutic options are
possible, their sequence and, in particular, the first-line choice can
be critical to the disease course.

First, the inception of therapy should be determined exclusively
by the symptoms to actively alleviate them and on the possibility of
delaying the progression to leukemia and eradicating the disease.

First-line Treatment of Lower Risk
MDS

The management of lower risk MDS (ie, very low, low, and
intermediate IPSS-R risk), as indicated by the most recent guide-
lines (National Comprehensive Cancer Network),3 has recently
been revisited.4 The presented algorithm was created from quite
articulated evidence, and each drug option was determined from
several individual- and disease-related parameters. The recommen-
dations include first and subsequent lines of treatment. The focus of
the present report was the choice of first-line therapy (Figure 1).

Symptomatic anemia is the most frequent trigger for therapeutic
intervention. As much as possible, transfusions should be used only
in emergency situations. Whenever possible, transfusion should not
be considered as standard continuous treatment without testing
alternative approaches, both to maintain the best quality of life and
to avoid cardiac and systemic complications.4

When red blood cell (RBC) transfusions are necessary, and they
can be for most MDS patients at some stage of the disease, they
should be given using a hemoglobin threshold derived from indi-
vidual symptoms, not from the routine use of transfusions in other
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Figure 1 First-line Therapeutic Algorithm for Lower Risk Myelodysplastic Syndrome (MDS)
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settings, which have a threshold of 8 g/dL. Nilsson-Ehle et al5 re-
ported that good correction of anemia with transfusions is possible
and that their efficacy in maintaining high hemoglobin levels
correlated with quality of life in an equivalent manner to that of
erythropoietic-stimulating agents (ESAs). However, the chronic
RBC transfusions typically needed for patients with MDS cannot
resolve chronic anemia. Although life-saving, such transfusions will
not correct the morbidity and poor quality of life, because the
transfusions will not usually normalize the hemoglobin levels. In
addition, the transfusions expose the patients to fluctuating hemo-
globin levels. Also, iron overload due to RBC transfusions can be
deleterious to organs such as the liver and heart and to hemopoiesis
itself. Thus, iron chelation therapy is recommended as a part of best
supportive care, when � 20 U of RBCs have been transfused.6

ESAs can be effective in resolving the anemia of MDS and should
be as first-line treatment. When feasible, ESAs should be used
before transfusions (as defined by the International Working Group
criteria7) and, certainly, before the transfusion burden has become
too great. Ideally, ESAs should be prescribed as soon as the
hemoglobin levels significantly affect the patient’s physical function.
ESAs will achieve the best results in terms of erythroid response
when used in IPSS lower risk MDS patients, with serum erythro-
poietin levels < 500 U/L, without transfusion dependence, and
with a normal karyotype and the absence of blasts in the bone
marrow.8 The presence of pure erythroid dysplasia, low serum
ferritin, very low and low IPSS risk,9 the presence of < 2 somatic
mutations,10 and the timely start of therapy, within 6 months of the
diagnosis, will ensure the greatest rate of response.11 For such pa-
tients, the response has been > 70%.9 The optimal doses have been
established as 30,000 to 80,000 U of erythropoietin (EPO; Epoetin
alfa)12 and 150 to 300 mg of darbepoetin alfa in subcutaneous
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injections weekly.13 Whether standard or higher doses of ESAs are
preferable is still a matter of investigation. The preliminary results
reported for 2 randomized registered trials comparing the safety and
efficacy of EPO and darbepoetin alfa with placebo have further
demonstrated the activity of ESAs in MDS, although at rates
inferior to those published reported (EPO, 31.8% vs. placebo,
4.4%; darbepoetin alfa, 14.7% vs. placebo, 0%).14,15 The lower
rates mainly resulted from the interruption of ESA treatment in
accordance with the study scheme, such that when the hemoglobin
levels increased and approached 12 g/dL ESA treatment was dis-
continued. However, the effect of ESAs on dysplastic erythropoiesis
is temporary and disappears with interruption of ESAs.

A survival advantage has been suggested for patients receiving
ESAs,16 although a recent comparison with an untreated matched
population by our group indicated that this advantage is substantial
only for a subgroup of MDS patients (Messa et al, manuscript
submitted).

ESAs have no major contraindications for use in patients
with MDS. No increase in thrombotic events and no hint of any
increase in disease progression have been observed compared with
noneESA-treated patients,17 in contrast to reports of solid neo-
plasms. To maintain the response, the serum iron, vitamin B12, and
folate levels should be controlled. The most relevant difference with
other hematologic and nonhematologic neoplasias is that the anemia
of MDS is, by itself, “the” disease and is chronic and, therefore,
requires continuous treatment. The response to ESAs is not im-
mediate in MDS, although it is generally observed within 12 weeks.
Thus, evaluations of the response before 12 weeks should not result
in stopping the treatment and crossover to an alternative therapy.4

The addition of granulocyte colony-stimulating factor to ESAs
has been reported to increase the rate of response.16 The use of
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granulocyte colony-stimulating factor combined with ESAs might,
thus, be justified. However, its use as therapy for neutropenia has
been not supported by any evidence of an advantage. Moreover,
isolated neutropenia is infrequent, and patients with MDS have a
good prognosis and low risk of developing acute myeloid leuke-
mia.18 When neutropenia accompanies anemia and/or thrombo-
cytopenia, more aggressive treatment is recommended, even for
lower risk MDS, such as hypomethylating agents (HMAs) (see the
next section).

Lower risk MDS patients with long-lasting RBC transfusion
dependence or serum EPO > 500 U/L are not candidates to receive
ESAs. However, for such patients, most available therapies are not
effective. Recently, patients ineligible for ESA therapy were included
in a randomized study of lenalidomide versus placebo.19 However,
the results were quite disappointing. The overall response rate in
this setting was only 8.6%, placing on hold the use of lenalidomide
as a first-line option for non-del5q patients.19

Although great number of MDS patients will have a response to
ESAs, the response is not definitive, and the median response
duration is approximately 2 years. For lower risk MDS with del(5q),
the ESA response duration has been shorter and the rate of response
overall more limited.20 A poor response to EPO can be attributed to
high endogenous EPO levels at diagnosis in patients with del(5q)
MDS. In contrast, lenalidomide therapy, approved for MDS pa-
tients with transfusion-dependent, IPSS low-risk or intermediate-1
risk, del(5q) MDS, with or without additional cytogenetic abnor-
malities, is extremely effective (73% to 83% erythroid response,
56% transfusion independence).21 The 10-mg dose resulted in a
greater response than the 5-mg dose (61% vs. 49% transfusion
independence) and greater cytogenetic response.21
Figure 2 First-line Therapeutic Algorithm for Higher Risk Myelodys
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It is a matter of debate whether del(5q) MDS patients should
receive lenalidomide only at the onset of transfusion dependence.
One study (ClinicalTrials.gov identifier, NCT01243476; study of
REVLIMID [lenalidomide] vs. placebo in patients with low risk
myelodysplastic syndrome [SINTRA-REV]) compared lenalido-
mide and placebo for patients with newly diagnosed anemic del(5q)
MDS. Because durable transfusion independence is associated with
a significantly reduced risk of acute myeloid leukemia progression
(45%; P ¼ .022) and death (51%; P ¼ .008), it would seem logical
to delay the need for RBC transfusion by early treatment with
lenalidomide.

The rate of a complete cytogenetic response after lenalidomide
has been lower for patients with a TP53 mutation (0 of 7 with a
TP53 mutation and 12 of 24 without; c2, P ¼ .024). Mutated
TP53 will be present in approximately 19% of del(5q) cases and
predicts for a poor outcome and disease progression.22 In such cases,
hematopoietic stem cell transplantation could be performed early;
however, this therapy has also been associated with dismal out-
comes.23 Patients diagnosed with del(5q), irrespective of the
complexity of karyotype, should be evaluated for the presence of a
TP53 mutation. If TP53 is mutated, a more aggressive therapy
strategy should be envisaged, although, at present, all available
treatment options are less effective (with the possible exception of
decitabine) in MDS patients with such a mutation.24

When anemia is not the sole severe and symptomatic form of
cytopenia, HMAs, as an effective alternative first-line therapy, can
be considered. However, HMAs have not been approved in the
European Union for lower risk MDS. Their use should be restricted
to lower risk MDS patients with > 1 cytopenia to balance the risks
and advantages of such chronic therapy. HMAs should also be
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considered when a relatively young patient with lower risk MDS
presents with somatic mutations with negative prognostic effects.
For these patients, a more aggressive approach is needed, including
transplantation. Both azacitidine and decitabine have shown efficacy
in inducing transfusion independence and hematologic improve-
ment in most treated patients and can also be an ideal bridge to
transplantation for eligible patients.25,26

Standard-dose azacitidine 75 mg/m2 subcutaneously for 7 days
every 28 days or 5 plus 2 days and decitabine 20 mg/m2 endove-
nously for 5 days every 28 days have been widely used. Transfusion
independence was achieved in most patients, with hematologic
improvement (erythroid and thrombopoietic) in approximately
50% of cases, although neutrophil improvement was significant
only for 34% of the patients.25

A recent study by the MDS Clinical Research Consortium used
azacitidine or decitabine standard daily doses for 3 days every 28
days for a median of 9 cycles, with a response rate of 61%.27 Given
the activity of HMAs in lower risk MDS, a phase III clinical trial
with oral azacitidine (CC-486) is ongoing for lower risk MDS pa-
tients who are anemic and thrombocytopenic (ClinicalTrials.gov
identifier, NCT01566695). However, the study is not strictly a
clinical study for first-line therapy, because these patients could have
previously received ESAs.

Immunosuppressive therapy has been underused in patients with
MDS; however, lower risk MDS patients with pancytopenia have
been treated with this modality with success. The reasons for the
scarce use are diverse, including scanty evidence of activity, with
studies including very small and heterogeneous groups of patients,
the lack of characterization of the most active regimen, treatment
toxicity, and the absence of parameters predictive of the response.
However, a comparison of different immunosuppressive studies28

showed that alemtuzumab induced nearly 70% of responses.
Quite surprisingly, cyclosporine, as a single drug, yielded more
positive effects (56% of response) than antithymocyte globulin
(ATG) (horse ATG, 35% response; rabbit ATG, 27% response)
and ATG plus cyclosporine (25% and 30% responses for horse and
rabbit ATG, respectively). The results of this comparison should be
interpreted with caution because of the heterogeneity of the treated
patient populations and the differences in the selection of cases. In a
recent study, the addition cyclosporine to ATG was significantly
associated with a positive response, together with an early initiation
of therapy.29 The factors that have been indicated as predictive of
ATG response include hypocellular marrow, the absence of marrow
blasts, a normal karyotype, HLA-DR 15 positivity, and STAT-3
mutant cytotoxic T cells. The National Institutes of Health devel-
oped a predictive algorithm for immunosuppressive therapy for
MDS, according to which, for HLA-DR15enegative patients, the
sum of the patient’s age plus the number of months of RBC
transfusion dependence must be < 58. For HLA-DR15epositive
patients, the sum of the patient’s age plus the months of RBC
transfusion dependence must be < 72.30

Lower risk MDS patients with severe thrombocytopenia
constitute < 20% of cases. In this setting, only experimental agents
are available for first-line therapy. The thrombopoietin mimetic
agents romiplostim and eltrombopag have been approved for
treatment of immune thrombocytopenic purpura and have been
investigated as treatment of MDS. Romiplostim, although effective
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in increasing the platelet number and decreasing hemorrhagic epi-
sodes, also induced temporary augmentation of marrow blasts.
Thus, its development as treatment of MDS has been dis-
continued.31 However, eltrombopag does not increase marrow
blasts, and the results of a phase II study demonstrated that it
induced a 47.5% platelet response compared with 9.7% of the
placebo arm (P < .001).32 The good tolerability of the drug and its
oral formulation could support its clinical use as first-line treatment
of patients with severe thrombocytopenic MDS.

First-line Treatment of Higher Risk
MDS

The treatment of IPSS intermediate-2/high-risk, high-risk, and
very high risk IPSS-R is more straightforward than that for lower
risk MDS (Figure 2).

At present, the best therapy is still considered the one that in-
cludes an HMA (decitabine or azacitidine).33,34 It is clear that these
agents have some peculiarity with respect to traditional chemo-
therapeutic agents in that the beneficial effects of HMAs are noted
only after 2 to 4 cycles of therapy,35 and complete remission is quite
rare. However, achievement of even only hematologic improvement
has correlated with an advantage in overall survival.36 The activity of
HMAs does not lead to eradication of the dysplastic clone, which
was recently demonstrated by the persistence after decitabine ther-
apy of clones carrying specific mutations, even in patients with a
treatment response.37 Moreover, the HMA therapeutic effect is
bound to be lost over time.38,39

Recently, reports have indicated a lack of survival advantage for
MDS patients treated with azacitidine.40 These disappointing re-
sults can be ascribed to the short therapy duration, with a quite
limited number of cycles; however, the findings reported did not
allow a conclusion. Also, other reports have confirmed the pro-
longed overall survival with HMA therapy in real-life settings.41 At
present, standard first-line therapy for patients with higher risk
MDS should be azacitidine 75 mg/m2/day for 7 days with a 28-day
cycle or decitabine 20 mg/m2/day for 5 days with a 28-day cycle
for � 6 cycles.42

HMA therapy has many advantages, including that the age bar-
rier to treatment has been overcome by the good tolerability of
HMA, which has made therapy possible even for elderly frail
patients. Also, hospitalization will not be necessary because of the
low toxicity. However, treatment must continue until disease pro-
gression, the improvements will be somehow delayed, and, in the
end, all patients will develop a relapse, clear indications that these
agents are not the optimum treatment of MDS.42

Treatment interruptions invariably result in a loss of response,
and patients with resistant or relapsed disease will survive < 6
months.38,39 However, even when a response is obtained with
decitabine or azacitidine, the duration has ranged from 6 to 26
months. In particular, MDS patients with a complex karyotype can
achieve a response with HMA, but the response will last only for a
few weeks. For these cases, in particular, upfront combinations of
HMA with new experimental agents with different mechanisms of
action could be a winning strategy and should be pursued as the
first-line approach within clinical investigations.

HMAs act by DNA hypomethylation43; which (and whether)
specific regions of DNA are the targets and whether this is the
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mechanism is the basis of the clinical activity remains to be clarified.
We have demonstrated that differentially methylated regions in
non-promoter regions differ between patients with chronic myelo-
monocytic leukemia with resistance to versus sensitivity to decita-
bine.44 The differences in the mode of action and activity between
azacitidine and decitabine must also be investigated further. The
response to HMAs has been approximately 60%, with a significant
population of patients with refractory disease. The cellular and in-
dividual mechanisms of resistance to HMAs are under evaluation.
Also, markers of sensitivity such as TET2 mutations,45 over-
expression of nucleotide metabolizing enzymes such as UCK146 and
of cytokines CXCL4 and CXCL744 must be consolidated. Novel
schedules, doses,24 and combinations with other agents should be
investigated to increase the efficacy of these drugs. For high-risk
MDS patients with negative molecular predictive factors, new
drugs should be used as front-line therapy, without waiting for
HMT failure or relapse. Several attempts have already been made.47

A combination with histone deacetylase inhibitors has not been a
winning strategy.48 The combination of azacitidine with entinostat
yielded fewer trilineage responses than azacitidine alone.49 Also, no
outstanding results were obtained with decitabine plus vorinostat.50

The comparison of azacitidine alone with azacitidine plus vorinostat
and with azacitidine plus lenalidomide indicated a lack of survival
advantage for both combinations.51

Numerous agents are being combined with azacitidine and dec-
itabine in first-line treatment of high-risk MDS. Trials of combi-
nations with chemotherapeutic agents such as idarubicin and trials
of anti-FLT3 such as sorafenib are ongoing, and the results with
agents such as pracinostat52 and gemtuzumab ozogamicin53 are
intriguing.

Hematopoietic Stem Cell
Transplantation

Allogeneic stem cell transplantation remains the only curative
option for both lower and higher risk MDS patients. It is almost
never the first-line therapy, although it plays a part in childhood
MDS54; however, it can be considered earlier in some specific cases.
In addition, the toxicity and mortality of this therapy, although in
constant decrease over the years, renders it less suitable for elderly
patients and not suitable for patients with IPSS-R very low and low-
risk MDS.55

Future Perspectives of
Improvement for First-line
Therapies

The prognostic importance of somatic mutations in MDS56 will,
in the near future, drive the therapeutic choices after the diagnosis.
The development of target agents, such as IDH1 and IDH2 in-
hibitors, and inhibitors of spliceosome is indicating the route to
personalized treatment of MDS.

In addition, clinical studies are characterizing subpopulations of
patients particularly sensitive to new agents. The modified activin
receptor IIB containing the molecule ACE-536 (luspatercept), when
administered to lower risk MDS patients, induced transfusion in-
dependence in 40% of cases. However, the hematologic improve-
ment rate was 65% for those with the refractory anemia with ring
sideroblasts (RARS) World Health Organization subtype of MDS
and was � 84% if serum EPO < 500 U/L and the presence of ring
sideroblasts were considered.57 Patients with RARS and an SF3B1
mutation achieved a response in 73.3% of cases. A randomized trial
of luspatercept versus placebo is ongoing for transfusion-dependent
RARS patients with a lost response to ESAs (irrespective of SF3B1
mutation; ClinicalTrials.gov identifier, NCT02631070). However,
luspatercept could also be considered a good alternative for first-line
therapy in SF3B1-mutated patients who are not eligible for ESAs.

Guadecitabine, previously known as SGI-110, is a dinucleotide
of decitabine and deoxyguanosine that prolongs the in vivo exposure
of decitabine by protecting it from deamination. The hypothesis is
that prolonged decitabine in vivo exposure could translate into
better efficacy and therefore, after the good results in HMA-relapsed
cases, guadecitabine has also been evaluated as first-line treatment of
MDS.58
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