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Abstract Myelodysplastic syndrome (MDS) is a clonal
hematopoietic neoplasm with high rates of leukemic
transformation. MDS had been an intractable disease for
which the mainstream of therapeutic approach was best
supportive care. Recently, however, treatment of hemato-
logical malignancies has benefited from advances in
molecular targeted drug discovery such as the revolutionary
drug imatinib for chronic myeloid leukemia, and from the
reappraisal of forgotten drugs such as thalidomide for
multiple myeloma. Two azanucleotide drugs, azacitidine
(AZA) and decitabine, were created as anti-neoplastic drugs
in the 1960s with little success. In the 1980s, they were
reassessed as hypomethylating agents (HMAs), and the
introduction of low-dose schedules of them has shown
dramatic effects in the delay of leukemic evolution for high-
risk MDS. AZA was approved in Japan in March 2011 and
has become a standard drug of choice in the treatment of
high-risk MDS. Its position as a treatment for low-risk MDS
remains to be established. Only half of patients with high-
risk MDS can gain benefit from AZA. For example, those
with complex karyotypes experience only a limited exten-
sion in survival. In addition, AZA resistance develops
sooner or later. To achieve a more sustained disease control
of high-risk MDS, the combined use of HMAs with other
therapeutic approaches will be inevitable. Clinical trials of
histone deacetylase inhibitors, lenalidomide, thrombopoie-
tin agonists, or anticancer drugs in combination with HMAs
are ongoing. In addition, HMAs are being used as a bridging
therapy prior to allogeneic stem cell transplantation
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(AHSCT) and the salvage therapy of relapsed disease after
AHSCT. Thus, HMAs will continue to be key drugs for the
management of MDS.
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Introduction

Myelodysplastic syndromes (MDS) comprise a group of
biologically and clinically heterogeneous clonal hemato-
poietic neoplasms characterized by morphologically dys-
plastic changes, ineffective hematopoiesis that results in
peripheral cytopenia, and high rates of leukemic transfor-
mation [1]. The incidence of MDS increases with age, with
a median age at diagnosis of 71-76 years. In general, MDS
is subdivided into low- and high-risk diseases according to
their likelihood of leukemic evolution. The life expectancy
of patients diagnosed with low-risk MDS exceeds 5 years
[2]. However, the refractory cytopenia suffered by these
patients requires management with blood transfusions and
carries the increased risk of developing an overwhelming
infection. By contrast, high-risk MDS patients face a
considerable risk of leukemic transformation. Many
attempts had been made to prevent or delay transformation
without success. While allogeneic hematopoietic stem cell
transplantation (AHSCT) has the potential to save lives [3],
most high-risk MDS patients are not suitable candidates
because of their advanced age, lack of a suitable donor, or
presence of co-morbidities.

The demonstration by Fenaux and colleagues in 2009
that azacitidine (AZA) delays the onset of leukemia and
prolongs the survival of high-risk MDS patients had great
impact on clinical practice.
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Development and reappraisal of azanucleosides

In the 1960s, two azanucleosides, AZA and decitabine
(DAC), were developed as anticancer agents [4]. Both are
ring analogues of cytidine, and DAC is a 2'-deoxy deriv-
ative of AZA. DAC is exclusively incorporated into DNA.
AZA, on the other hand, is mainly incorporated into RNA; ,
and a proportion, which is deoxylated in the course of
intracellular metabolism, is also incorporated into DNA.
Unlike cytarabine, uptake of azanucleotides does not ter-
minate DNA replication; their cytotoxicity results from
incorporation, which renders the DNA unstable.

Many clinical studies involving AZA and DAC were
carried out in the late 1960s and 1970s. Clinical results in
solid tumors are not encouraging, and although AZA and
DAC showed consistent antitumor activity in patients with
acute myeloid leukemia (AML), overall response rate did
not exceed that of cytarabine; hence these agents were
forgotten [5]. Around 1980, preclinical studies demon-
strated that AZA and DAC trigger gene expression in
several murine and human systems by interfering with
DNA methylation [6, 7]. Incorporation of azanucleotide
into the DNA replication process results in loss of meth-
ylated cytidine in the daughter strand, which causes a
reversal of the repression of various tumor suppression-
inducing, apoptotsis-inducing, and differentiation-inducing
genes (Fig. 1). In vitro studies confirmed that low con-
centrations of azanucleosides in a primary culture of AML
cells induces terminal differentiation of leukemic blasts
without affecting cell viability [8]. Encouraged by these
preclinical data that indicated AZA and DAC are hy-
pomethylating agents (HMAs), clinical trials using low
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doses were re-started. In 1993, Silvermann et al. and
Zagonell et al. [9, 10] independently reported promising
results using low-dose AZA and DAC for the treatment of
high-risk MDS.

Clinical trials using a single agent
Azacitidine

The first study on the use of AZA for high-risk MDS was
conducted by the Cancer and Leukemia Group B (CALGB)
research cooperative in the USA [9]. In this Phase II study,
a daily dose of 75 mg/m” of AZA was administered as a
continuous intravenous infusion for 7 days every 28 days
for 4 months. Responses were seen in 21 (49 %) of 43
evaluable patients; five achieved complete remission (CR),
11 partial remission (PR), and five improved. ‘Improved’
was defined as a >50 % restoration in the deficit from
normal of one or more peripheral blood cell lineages and/or
a >50 % decrease in transfusion requirements. The median
survival for all patients was 13.3 months, and the median
duration of remission for those in CR and PR was
14.7 months. Of note, the frequency of severe adverse
events was low. Mild to moderate nausea and/or vomiting
was the most common adverse event. CALGB then
assessed administering AZA treatment on an ambulatory
basis. A second Phase II study, this time of 67 patients with
high-risk MDS, showed that AZA given as a subcutaneous
daily bolus injection at the same dose and schedule
described above produced comparable results in response
rate, response duration, and survival [11]. These two Phase
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IT studies revealed unique characteristics of AZA treat-
ment. AZA undoubtedly improved cytopenia and
decreased transfusion needs without obtaining CR or PR.
Indeed, the frequency of patients who achieved CR was
low; most responses were judged as PR or improved. These
findings contrasted with past experience of improved sur-
vival being strongly associated with obtaining CR in AML
as well as in high-risk MDS. Hence, the Phase III studies to
ascertain the survival benefits of AZA that followed
attracted attention. A randomized controlled trial was
undertaken in 191 patients with MDS to compare AZA
with supportive care. AZA treatment resulted in signifi-
cantly higher response rates, improved quality of life, and
reduced risk of leukemic transformation. However, inten-
tion-to-treat analysis did not conclusively manifest a sur-
vival advantage of AZA treatment over best supportive
care [11]. Several problems in the study protocol of this
Phase III trial were identified. First, patients who were
assigned to supportive care and whose disease was wors-
ening were permitted to cross over to the AZA treatment
arm after a minimum interval of 4 months. In fact, 49 out
of 92 patients assigned to supportive care crossed over, and
23 of them responded. The high crossover rate and high
response rate in the crossover group obscured the beneficial
effects of AZA on survival. Second, the protocol stated that
patients who achieved CR would terminate AZA treatment
after three further cycles. Many patients who entered in CR
and stopped AZA relapsed early, which also obscured the
beneficial effects of AZA.

With the aim of revealing the benefits of AZA for the
treatment of high-risk MDS, a subsequent randomized
Phase III study was conducted. In this study, investigators
determined which of the three conventional care treatments
(best supportive care, low-dose cytarabine, or intensive
chemotherapy) was most appropriate for each patient
before randomization. Among 358 patients enrolled, best
supportive care was selected for 222, low-dose cytarabine
for 94, and intensive chemotherapy for 42 patients. Patients
were then randomly assigned to receive AZA (179
patients) or conventional care regimens (105 on best sup-
portive care, 49 on low-dose cytarabine, and 25 on inten-
sive chemotherapy), and crossover was not permitted. AZA
was given subcutaneously for at least six cycles and con-
tinued until relapse, disease progression, or unacceptable
toxicity occurred. At 2 years, on the basis of Kaplan—-Meier
estimates, 50.8 % of patients in the AZA group were alive
compared with 26.2 % in the conventional care group
(p < 0.0001) [12]. Subgroup analysis confirmed that AZA
prolonged survival in patients preselected to receive best
supportive care and low-dose cytarabine [13, 14]. As a
result of this study, best supportive care and low-dose
cytarabine as the first-choice therapeutic options for the
elderly or unfit with high-risk MDS were relegated, and
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hence for nearly all high-risk MDS patients, AZA become
the drug of choice.

Decitabine

In 1993, an Italian group reported the promising effects of
DAC on advanced MDS patients [10]. Ten patients,
including two with refractory anemia with excess blasts
(RAEB) and eight with RAEB in transformation, were
treated with DAC at a daily dose of 45 mg/m? divided
into three 4-h infusions for 3 days or as a continuous
infusion of 50 mg/m? over 3 days. Treatment with DAC
resulted in a significant increase in circulating neutrophils,
platelets, and hemoglobin with respect to pretreatment
values in over 50 % of patients. A German group con-
ducted Phase I/II and Phase II studies on 124 patients with
low- and high-risk MDS, and DAC treatment resulted in a
31 % major cytogenetic response rate, including 10 out of
26 in the International Prognostic Scoring System (IPSS)
defined high-risk cytogenetic category [15]. The prognosis
of patients with a major cytogenetic response was sig-
nificantly better than for those in whom the cytogeneti-
cally abnormal clone persisted. Randomized Phase III
studies comparing DAC with best supportive care con-
ducted in the USA and Europe followed. In the study
from the USA, a total of 170 patients classified as IPSS
intermediate-/high-risk were randomized to receive either
15 mg/m? DAC intravenously every 8 h for 3 days and
repeated every 6 weeks, or best supportive care [16]. Of
the patients treated with DAC, 9 % achieved CR and 8 %
PR; an additional 12 patients (13 %) achieved hemato-
logic improvement. Patients treated with DAC had a trend
toward a longer median time to AML progression or death
compared with patients who received supportive care
alone. A significant survival advantage of DAC over best
supportive care was not observed in this study, although
median time to AML progression or death was signifi-
cantly longer in the DAC group in patients with IPSS
intermediate-2/high-risk disease. The European study, into
which 233 MDS patients were enrolled, used the same
DAC treatment schedule as the USA study [17]. In the
DAC arm, 13 % of patients achieved CR; 6 % achieved
PR, and 15 % had hematologic improvement. The median
number of DAC courses administered was four, approxi-
mating 6 months of treatment. Although the incidence of
AML transformation was significantly reduced at 1 year
in the DAC arm, the difference in overall survival dura-
tion with DAC versus best supportive care was not sta-
tistically significant. A trial conducted by the M.
D. Anderson Cancer Center used a different DAC sche-
dule: 20 mg/m? per day as a 1-h intravenous infusion for
5 consecutive days every 4 weeks. They consider the
3-day DAC schedule to be so myelosuppressive that most
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patients would be unable to continue for more than four
cycles, and that the schedule’s 6-week interval is long
enough for tumor regrowth to occur. They report that in
advanced MDS patients receiving a median of nine
courses of DAC treatment, 34 % achieved CR and 73 %
had hematologic improvement [18]. Unfortunately, this
excellent outcome has not yet been verified in randomized
trials.

Current status of hypomethylating agents in Japan

A Phase /1 study of AZA in Japanese patients with all risk
group of MDS has been conducted, and the outcomes were
similar to those of previous international studies [19]. In
March 2011, AZA was approved in Japan for the treatment
of low- and high-risk MDS defined according to the FAB
classification. Clinical trials of DAC have also been con-
ducted for low- and high-risk MDS with a 5-day schedule;
however, as of November 2013, DAC has not been
approved as a treatment for MDS in Japan.

Eleven of the 19 patients with low-risk MDS, namely
refractory anemia (RA) and RA with ringed sideroblasts
(RARS) by FAB classification, enrolled in the Japanese
Phase I/Il AZA trial mentioned above showed hematologic
improvements. The frequencies of erythroid, platelet, and
neutrophil responses were almost equivalent, although the
number of patients with neutropenia was low. Several
clinical trials aimed at restoring bone marrow function in
low-risk MDS patients have been reported from outside
Japan [20-22]. The schedule of AZA administration varied
between these trials; for example, two used a daily dose of
50 mg/m” and one used a 5-day, instead of the standard
7-day, regimen. Overall response rates were around 50 %;
however, in most cases the hematologic response was lost
after AZA therapy was terminated. Low-risk MDS
encompasses heterogeneous diseases with variable prog-
noses and, therefore, whether to treat with AZA or not is a
difficult clinical decision. The presence of symptomatic
thrombocytopenia and/or neutropenia and a gradual
increase in bone marrow blasts would encourage the use of
AZA. However, we should bear in mind that it has not been
confirmed that AZA treatment improves survival in low-
risk MDS.

Although the beneficial effects of AZA for high-risk
MDS have been demonstrated, the best time to com-
mence AZA therapy has not been fully established,
especially for patients with untreated stable disease. In
addition, AZA treatment of patients with hypoplastic
MDS with increased bone marrow blasts can sometimes
result in prolonged neutropenia. In spite of this, AZA has
become a drug of choice in the management of high-risk
MDS. A retrospective analysis has shown that since the

approval of AZA, the survival of high-risk MDS patients
referred to our hospital has improved (unpublished
observation).

Combined use of HMA with other therapeutic
approaches

Although the introduction of HMAs has changed the
principles of MDS treatment, the air of excitement that
immediately followed AZA approval has gradually waned.
There are several problems associated with HMA therapy
to overcome. First, only half of MDS patients can gain
benefit from HMAs. Patients with a complex karyotype,
for example, experience only a limited survival extension
[23]. Second, patients who achieve a response to HMAs
develop HMA resistance sooner or later, and the prognosis
of patients with HMA treatment failure is dismal [24].
Now that we are aware of the limitations of HMA
monotherapy, the combined use of HMA with other ther-
apeutic approaches will be essential to improve the prog-
nosis of MDS further.

Combined use of HMAs with various agents

Several agents have been tried as partners for HMAs.
Histone deacetylase inhibitors (HDACISs) inhibit a group of
enzymes called histone deacetylases that are important in
post-translational histone modification and exert epigenetic
control over gene expression. The combination of HMA
and HDACI shows synergistic antileukemic activity
in vitro [25]. Several clinical studies using this combination
have been performed; however, limited success has been
observed so far [26, 27]. It is well known that lenalidomide
has remarkable clinical activity against the subtype of low-
risk MDS bearing del(5q). Lenalidomide also improves
cytopenia in patients with non-del(5q) low-risk MDS
through its effects on the bone marrow microenvironment.
As Phase I studies of the combined use of HMA and le-
nalidomide were encouraging [28, 29], larger studies of
simultaneous or sequential use of both drugs have been
undertaken [30]. A randomized trial comparing two com-
bination regimens (AZA + lenalidomide and
AZA + vorinostat) with AZA monotherapy is ongoing
[31]. Other AZA-based combinations have been evaluated
in high-risk MDS such as AZA + cytarabine [32] and
AZA + anti-CD33- gemtuzumab ozogamicin [33]. As
patients with low-risk MDS receiving HMAs commonly
develop thrombocytopenia, the efficacy of romiplostim, a
thrombopoietin mimetic, to prevent the occurrence of
severe thrombocytopenia has been evaluated [34, 35].
Romiplostim successfully raised platelet counts and
decreased platelet transfusion needs.
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Combined use of HMAs with AHSCT

AHSCT is the only therapeutic approach with known
curative potential for patients with MDS. Although the
recent introduction of reduced-intensity conditioning (RIC)
regimens have considerably broadened the age range of
AHSCT recipients, the high risk of transplant-related
mortality and disease relapse after AHSCT prevents the use
of AHSCT as routine practice. The outcomes of AHSCT
for MDS are largely dependent on disease- and patient-
related factors, such as cytogenetic status, bone marrow
blast percentage, age, performance status, and co-morbid-
ities. Among them, pre-AHSCT tumor burden is one of the
most important determinants of AHSCT success. Several
retrospective studies have explored the efficacy of inten-
sive induction chemotherapy before AHSCT, and found
that it may reduce the incidence of relapse but is associated
with a considerable increase in transplant-related morbidity
and mortality [36, 37]. As administration of HMAs can
delay MDS progression to AML with only mild toxicity,
they could represent an attractive alternative for pre-
AHSCT cytoreductive therapy. Two retrospective analyses
of patients with high-risk MDS who received chemother-
apy (AZA or intensive chemotherapy) and AHSCT have
been reported [38, 39]. No statistical differences were
found between the AZA and the intensive chemotherapy
groups in terms of overall survival, relapse, and non-
relapse mortality in either of the analyses. However, it is
possible that AZA given before AHSCT could reduce
tumor burden without impacting physical condition and,
therefore, as an alternative to pre-transplant intensive
chemotherapy, give more patients the opportunity to
receive AHSCT. Another application of AZA to increase
the success of AHSCT is as salvage therapy after AHSCT
relapse. Preliminary studies using AZA alone or in com-
bination with donor lymphocyte infusion have yielded
promising results [40, 41].

Conclusion

Until recently, MDS was a disease with limited therapeutic
options. Indeed, best supportive care was the mainstream
therapy for elderly patients. The introduction of two HMAs,
AZA and DAC, dramatically changed clinical practice for
the management of MDS. AZA has undoubtedly prolonged
the survival of high-risk MDS patients in clinical trials as
well as in the real world setting. In recent years, consider-
able progress has been made in elucidating genetic abnor-
malities in MDS, and a substantial proportion of the genetic
alterations seen in MDS are now known to be associated
with epigenetic pathways [42, 43]; the precise mechanism
by which HMAs delay leukemic transformation, however,
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is as yet unknown. Judging from the rapid progress in
genomic investigation of MDS, it is plausible that in the
near future MDS patients will be offered a prescription of
HMA or HMA combined with other agents that is tailored
to their genetic background.

Conflict of interest The author declares that he has no conflict of
interest.

References

1. Tefferi A, Vardiman JW (2009) Myelodysplastic syndromes.
N Engl J Med 361:1872-1885

2. Greenberg PL, Tuechler H, Schanz J et al (2012) Revised inter-
national prognostic scoring system for myelodysplastic syn-
dromes. Blood 120:2454-2465

3. Parmar S, de Lima M, Deeg HJ et al (2011) Hematopoietic stem
cell transplantation for myelodysplastic syndrome: a review.
Semin Oncol 38:693-704

4. Von Hoff DD, Slavik M, Muggia FM (1976) 5-Azacytidine. A
new anticancer drug with effectiveness in acute myelogenous
leukemia. Ann Intern Med 85:237-245

5. Momparler RL, Rivard GE, Gyger M (1985) Clinical trial on
5-aza-2'-deoxycytidine in patients with acute leukemia. Phar-
macol Ther 30:277-286

6. Constantinides PG, Jones PA, Gevers W (1977) Functional stri-
ated muscle cells from non-myoblast precursors following
5-azacytidine treatment. Nature 267:364-366

7. Compere SJ, Palmiter RD (1981) DNA methylation controls the
inducibility of the mouse metallothionein-I gene lymphoid cells.
Cell 25:233-240

8. Pinto A, Attadia V, Fusco A et al (1984) 5-Aza-2'-deoxycytidine
induces terminal differentiation of leukemic blasts from patients
with acute myeloid leukemias. Blood 64:922-929

9. Silverman LR, Holland JF, Weinberg RS et al (1993) Effects of
treatment with 5-azacytidine on the in vivo and in vitro hema-
topoiesis in patients with myelodysplastic syndromes. Leukemia
7(Suppl 1):21-29

10. Zagonel V, Lo Re G, Marotta G et al (1993) 5-Aza-2'-deoxy-
cytidine (decitabine) induces trilineage response in unfavourable
myelodysplastic syndromes. Leukemia 7(Suppl 1):30-35

11. Silverman LR, Demakos EP, Peterson BL et al (2002) Ran-
domized controlled trial of azacitidine in patients with the
myelodysplastic syndrome: a study of the cancer and leukemia
group B. J Clin Oncol 20:2429-2440

12. Fenaux P, Mufti GJ, Hellstrom-Lindberg E et al (2009) Efficacy
of azacitidine compared with that of conventional care regimens
in the treatment of higher-risk myelodysplastic syndromes: a
randomised, open-label, phase III study. Lancet Oncol 10:223—
232

13. Fenaux P, Gattermann N, Seymour JF et al (2010) Prolonged
survival with improved tolerability in higher-risk myelodysplastic
syndromes: azacitidine compared with low dose ara-C. Br J
Haematol 149:244-249

14. Seymour JF, Fenaux P, Silverman LR et al (2010) Effects of
azacitidine compared with conventional care regimens in elderly
(=75 years) patients with higher-risk myelodysplastic syn-
dromes. Crit Rev Oncol Hematol 76:218-227

15. Lubbert M, Wijermans P, Kunzmann R et al (2001) Cytogenetic
responses in high-risk myelodysplastic syndrome following low-
dose treatment with the DNA methylation inhibitor 5-aza-2’-
deoxycytidine. Br J Haematol 114:349-357



Int J Clin Oncol (2014) 19:10-15

15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kantarjian H, Issa JP, Rosenfeld CS et al (2006) Decitabine
improves patient outcomes in myelodysplastic syndromes: results
of a phase III randomized study. Cancer 106:1794—1803
Lubbert M, Suciu S, Baila L et al (2011) Low-dose decitabine
versus best supportive care in elderly patients with intermediate-
or high-risk myelodysplastic syndrome (MDS) ineligible for
intensive chemotherapy: final results of the randomized phase III
study of the European Organisation for Research and Treatment
of Cancer Leukemia Group and the German MDS Study Group.
J Clin Oncol 29:1987-1996

Kantarjian HM, O’Brien S, Shan J et al (2007) Update of the
decitabine experience in higher risk myelodysplastic syndrome
and analysis of prognostic factors associated with outcome.
Cancer 109:265-273

Uchida T, Ogawa Y, Kobayashi Y et al (2011) Phase I and II
study of azacitidine in Japanese patients with myelodysplastic
syndromes. Cancer Sci 102:1680-1686

Lyons RM, Cosgriff TM, Modi SS et al (2009) Hematologic
response to three alternative dosing schedules of azacitidine in
patients with myelodysplastic syndromes. J Clin Oncol 27:1850-
1856

Musto P, Maurillo L, Spagnoli A et al (2010) Azacitidine for the
treatment of lower risk myelodysplastic syndromes: a retrospec-
tive study of 74 patients enrolled in an Italian named patient
program. Cancer 116:1485-1494

Fili C, Malagola M, Follo MY et al (2013) Prospective phase II
study on 5-days azacitidine for treatment of symptomatic and/or
erythropoietin  unresponsive patients with low/INT-1-risk
myelodysplastic syndromes. Clin Cancer Res 19:3297-3308
Itzykson R, Thepot S, Quesnel B et al (2011) Prognostic factors
for response and overall survival in 282 patients with higher-risk
myelodysplastic syndromes treated with azacitidine. Blood
117:403-411

Prebet T, Gore SD, Esterni B et al (2011) Outcome of high-risk
myelodysplastic syndrome after azacitidine treatment failure.
J Clin Oncol 29:3322-3327

Yang H, Hoshino K, Sanchez-Gonzalez B et al (2005) Antileu-
kemia activity of the combination of 5-aza-2'-deoxycytidine with
valproic acid. Leuk Res 29:739-748

Garcia-Manero G, Yang H, Bueso-Ramos C et al (2008) Phase 1
study of the histone deacetylase inhibitor vorinostat [suberoylan-
ilide hydroxamic acid (SAHA)] in patients with advanced leuke-
mias and myelodysplastic syndromes. Blood 111:1060-1066
Garcia-Manero G, Kantarjian HM, Sanchez-Gonzalez B et al
(2006) Phase 1/2 study of the combination of 5-aza-2'-deoxy-
cytidine with valproic acid in patients with leukemia. Blood
108:3271-3279

Platzbecker U, Braulke F, Kundgen A et al (2013) Sequential
combination of azacitidine and lenalidomide in del(5q) higher-
risk myelodysplastic syndromes or acute myeloid leukemia: a
phase I study. Leukemia 27:1403-1407

Sekeres MA, List AF, Cuthbertson D et al (2010) Phase I combi-
nation trial of lenalidomide and azacitidine in patients with higher-
risk myelodysplastic syndromes. J Clin Oncol 28:2253-2258

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Sekeres MA, Tiu RV, Komrokji R et al (2012) Phase 2 study of
the lenalidomide and azacitidine combination in patients with
higher-risk myelodysplastic syndromes. Blood 120:4945-4951
Zeidan AM, Linhares Y, Gore SD (2013) Current therapy of
myelodysplastic syndromes. Blood Rev 27:243-259

Borthakur G, Huang X, Kantarjian H et al (2010) Report of a
phase 1/2 study of a combination of azacitidine and cytarabine in
acute myelogenous leukemia and high-risk myelodysplastic
syndromes. Leuk Lymphoma 51:73-78

Bayraktar UD, Domingo GC, Schmit J et al (2011) Azacitidine
combined with gemtuzumab ozogamicin in patients with
relapsed/refractory acute myeloid leukemia. Leuk Lymphoma
52:913-915

Kantarjian HM, Giles FJ, Greenberg PL et al (2010) Phase II
study of romiplostim in patients with low- or intermediate-risk
myelodysplastic syndrome receiving azacitidine therapy. Blood
116:3163-3170

Greenberg PL, Garcia-Manero G, Moore M et al (2013) A ran-
domized controlled trial of romiplostim in patients with low- or
intermediate-risk myelodysplastic syndrome receiving decitabine.
Leuk Lymphoma 54:321-328

Scott BL, Storer B, Loken MR et al (2005) Pretransplantation
induction chemotherapy and posttransplantation relapse in
patients with advanced myelodysplastic syndrome. Biol Blood
Marrow Transplant 11:65-73

Nakai K, Kanda Y, Fukuhara S et al (2005) Value of chemo-
therapy before allogeneic hematopoietic stem cell transplantation
from an HLA-identical sibling donor for myelodysplastic syn-
drome. Leukemia 19:396-401

Damaj G, Duhamel A, Robin M et al (2012) Impact of azacitidine
before allogeneic stem-cell transplantation for myelodysplastic
syndromes: a study by the Societe Francaise de Greffe de Moelle
et de Therapie-Cellulaire and the Groupe-Francophone des My-
elodysplasies. J Clin Oncol 30:4533-4540

Gerds AT, Gooley TA, Estey EH et al (2012) Pretransplantation
therapy with azacitidine vs induction chemotherapy and post-
transplantation outcome in patients with MDS. Biol Blood Mar-
row Transplant 18:1211-1218

de Lima M, Giralt S, Thall PF et al (2010) Maintenance therapy
with low-dose azacitidine after allogeneic hematopoietic stem
cell transplantation for recurrent acute myelogenous leukemia or
myelodysplastic syndrome: a dose and schedule finding study.
Cancer 116:5420-5431

Schroeder T, Czibere A, Platzbecker U et al (2013) Azacitidine
and donor lymphocyte infusions as first salvage therapy for
relapse of AML or MDS after allogeneic stem cell transplanta-
tion. Leukemia 27:1229-1235

Estey EH (2013) Epigenetics in clinical practice: the examples of
azacitidine and decitabine in myelodysplasia and acute myeloid
leukemia. Leukemia 27:1803-1812

Ogawa S (2012) Splicing factor mutations in myelodysplasia. Int
J Hematol 96:438-442

@ Springer



	Novel therapeutic strategies using hypomethylating agents in the treatment of myelodysplastic syndrome
	Abstract
	Introduction
	Development and reappraisal of azanucleosides
	Clinical trials using a single agent
	Azacitidine
	Decitabine

	Current status of hypomethylating agents in Japan
	Combined use of HMA with other therapeutic approaches
	Combined use of HMAs with various agents
	Combined use of HMAs with AHSCT

	Conclusion
	Conflict of interest
	References


