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Abstract Myelodysplastic syndromes (MDS) are a group
of common bone marrow disorders characterized by
ineffective hematopoiesis, peripheral cytopenias, and a
substantial risk of progression to acute myeloid leukemia
(AML). For many years, the main treatment option for
MDS was best supportive care which alleviates symptoms,

but has no effect on the natural course of the disease.
Recently, demethylating agents have become available as a
promising new treatment for patients with MDS. In two
randomized clinical trials, the demethylating agent azaciti-
dine has demonstrated a reduced risk of transformation to
AML, improvement of peripheral blood values, an im-
proved quality of life, and a definite survival advantage
compared to conventional care regimens for patients
with International Prognostic Scoring System score of
intermediate-2 or high-risk MDS. This review aims to
provide practical recommendations for the use of azaciti-
dine and the management of its side effects in patients with
MDS, assuring safe administration and best efficacy of
treatment.
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Introduction

Myelodysplastic syndromes (MDS) are clonal hematopoi-
etic stem cell disorders characterized by dysplastic and
inefficient hematopoiesis, peripheral cytopenias, and a
substantial risk of progression into acute myeloid leukemia
(AML). MDS belong to the more common bone marrow
diseases, with an incidence in the general population of
approximately five in every 100,000 individuals [1, 2].
Moreover, the incidence of MDS increases sharply with
age, reaching 20–50/100,000 in the population aged
≥70 years, and thus, making it the most frequently
occurring hematological malignancy in this age group.
With the exception of those patients who can successfully
undergo allogeneic stem cell transplantation, MDS remains
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incurable. Thus, nearly all patients will eventually die from
their disease, most often due to infectious complications or
transformation to AML [3]. Improved treatment options for
patients with MDS are therefore urgently needed.

The prognosis for individual MDS patients varies greatly
and is dependent on several risk factors, including presence
and type of chromosomal abnormalities, number of cyto-
penias, and percentage of bone marrow blasts. The current
standard score for prognostication in MDS is the risk-based
International Prognostic Scoring System (IPSS) [3]. Using
this score, four distinctive risk groups can be identified,
which differ in terms of overall survival and AML
evolution (low, intermediate-1, intermediate-2, and high
risk). MDS patients with a low or intermediate-1 IPSS score
have a fairly favorable median survival of 5.7 and 3.5 years,
respectively [3]. In contrast, patients with high-risk MDS
(i.e., intermediate-2 or high IPSS score) have a median
survival of 1.2 or 0.4 years, respectively, and a high risk of
rapid progression to AML [3]. Although the IPSS remains
the most commonly employed score for assessment of
prognosis in MDS, recently published studies have sug-
gested that it might underestimate the prognostic impor-
tance of chromosomal abnormalities [4–6]. Moreover, the
requirement for regular transfusions also represents an
important negative prognostic factor not included in the
IPSS [4].

Until recently, there has been an absence of satisfactory
treatment options bridging the gap between best supportive
care (BSC) on the one end and allogeneic stem cell
transplantation (SCT) on the other end of the treatment
spectrum. The only proven curative approach for MDS is
allogeneic SCT [7–9], while other less intensive treatment
strategies including non-intensive chemotherapy, immuno-
modulatory agents, or immunosuppressive therapy have not
been able to change the natural course of the disease in
high-risk MDS [10].

Demethylating agents such as azacitidine and 5-aza-
deoxycitidine (decitabine) have recently emerged as prom-
ising drugs for the treatment of MDS. The results of a
Cancer and Leukemia Group B (CALGB) trial comparing
azacitidine with BSC showed significantly improved
remission rates with azacitidine compared to BSC, as well
as an improved progression-free survival and increased
quality of life [11, 12]. To specifically address the question
of overall survival, a second large prospective randomized
phase III trial comparing azacitidine to the three most
commonly used treatments in higher-risk MDS was
initiated, and has shown a definite survival advantage for
patients treated with azacitidine [13].

The second available demethylating agent, decitabine,
was also found to confer a benefit in terms of remission
rates, as well as significantly prolonged progression-free
survival in patients with high-risk MDS when compared to

BSC in a large prospective randomized clinical trial,
although overall survival was not improved [14]. However,
two other clinical studies with different decitabine treatment
schedules and different patient risk cohorts have shown
encouraging data that warrant further investigation of this
drug in MDS [15, 16].

This review aims to provide practical recommendations
for the use of azacitidine for the treatment of patients with
MDS. The suggestions made here are based on evidence
from recent randomized phase III trials, as well as the
clinical experience of the authors in the practical use of this
agent. They do not constitute formal guidelines but rather,
represent consensus-based recommendations of the German
MDS Study Group.

Identification of patients for azacitidine treatment

Azacitidine as initial therapy for high-risk MDS

In general, management of patients with MDS is dependent
on IPSS score and transfusion requirement of the individual
patient, as well as age and comorbidities. A frequent
problem in daily clinical practice is missing data on bone
marrow cytogenetics. In order to categorize an MDS patient
by IPSS, a conventional cytogenetic profile, ideally with at
least 20 evaluable metaphases, is required. If necessary,
repeated bone marrow aspirates should be performed.
Alternatively, fluorescence in situ hybridization analysis of
bone marrow aspirates for the most common chromosomal
abnormalities detected in MDS may be applied when
conventional chromosome banding is not possible. Despite
these efforts, some cases may remain where karyotype
analysis cannot be obtained even after repeated bone
marrow sampling. In these cases, patients with a bone
marrow blast count of 11–20% may be considered to have
high-risk MDS since they will have at least an Int-2 IPSS
score, regardless of karyotype.

Age and comorbidities are especially relevant in the
context of allogeneic stem cell transplantation. In particular,
patients with high-risk MDS should be evaluated for
allogeneic stem cell transplantation before treatment with
azacitidine is considered. Those patients with high-risk
MDS as defined by IPSS (intermediate-2 or high), as well
as patients with chronic myelomonocytic leukemia-II
according to WHO, who are not eligible for allogeneic
stem cell transplantation, generally, should be considered
candidates for treatment with azacitidine. Patients fulfilling
the criteria for refractory anemia with excess blasts in
transformation (RAEB-T) according to the French–American–
British (FAB) classification (20–29% bone marrow blasts)
may also be considered candidates for azacitidine treatment
[17].
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Azacitidine as treatment for low-risk MDS

Patients who remain IPSS Int-1 risk but display increasing
transfusion requirement over time, as well as low-risk
patients in whom other therapies (e.g., erythropoiesis-
stimulating agents, immunosuppressive therapy, immunmo-
dulatory agents) have failed, should currently not be
considered candidates for azacitidine treatment outside of
a clinical trial. Although the efficacy and safety of
azacitidine in lower-risk MDS has been established in a
phase II open-label trial in the United States, a survival
benefit has not been demonstrated for this subgroup of
patients [18]. The authors feel that the potential benefit of
azacitidine therapy in low-risk MDS may not outweigh the
risk of harm through therapy-related adverse events such as
neutropenia and thrombocytopenia. Therefore, a recommen-
dation for the use of azacitidine in low-risk MDS outside of a
controlled clinical trial cannot be made at this point.

General considerations

Clinical data have shown that response to azacitidine is
independent of age [13]. More importantly, treatment of
older patients ≥75 years was not associated with increased
toxicity [13]. Therefore, older age should not be an
exclusion criterion for azacitidine therapy, and no upper
age limit is defined. Comorbidities, which should be
considered before initiation of therapy, include renal and
hepatic impairment. Since azacitidine is primarily excreted
by the kidneys, the risk of toxicity is expected to be greater
in patients with impaired renal function, although no data
from clinical studies are available on this. Likewise, the
safety and pharmacokinetics of azacitidine have not been
investigated in patients with evidence of hepatic impairment.
It is therefore recommended that patients with renal or
hepatic impairment be monitored closely. Patients with liver
cirrhosis should not be treated with azacitidine. Azacitidine
is contraindicated in patients with advanced malignant
hepatic tumors. Azacitidine is potentially teratogenic. While
this is not a concern for most elderly patients with MDS,
women of childbearing potential should avoid becoming
pregnant during therapy with azacitidine, and men should
avoid fathering a child.

Efficacy studies with azacitidine

CALGB 9221 trial

The efficacy of azacitidine in the treatment of MDS has
been evaluated in two phase II and two large randomized
phase III clinical trials [11, 13, 19]. A total of 191 MDS
patients were enrolled into the first phase III CALGB 9221

trial [11]. Patients were randomized to receive BSC or
azacitidine by subcutaneous injection at a dose of 75 mg/m2

on seven consecutive days every 28 days. All subtypes of
MDS could be enrolled. However, patients with MDS
subtypes refractory anemia/RA with ringed sideroblasts
were included only if they had severe thrombocytopenia, or
neutropenia, or transfusion dependent anemia. After a
minimum of 4 months of supportive care, patients whose
disease progressed were permitted to cross over to
azacitidine treatment. A total of 99 patients were primarily
treated with azacitidine, and an additional 49 patients (55%
of patients in the observation arm) crossed over to
azacitidine after 4 months. Approximately half of the total
patient population had high-risk MDS as determined by
IPSS criteria. The primary endpoint of the study was
overall response rate.

According to the International Working Group (IWG)
criteria for assessing responses in MDS [20, 21], the overall
response rate in the azacitidine arm was 47% [19].
Responses to azacitidine were observed in all FAB
subtypes. The majority of patients showed hematologic
improvement, while 11% achieved either a complete
remission (CR) or partial remission (PR). There were no
complete or partial remissions in the observation arm, but
17% of patients also showed hematologic improvement
(HI) with BSC. Patients treated with azacitidine showed a
significant delay in progression to AML compared to
patients in the BSC arm (21 vs. 13 months, p=0.007).
Improved survival by azacitidine treatment could not be
established due to the crossover design and cohort size.
However, an absolute difference in survival of 6 months in
favor of azacitidine (20 months vs. 14 months for BSC)
was documented, suggesting a possible survival benefit.

Among the 99 patients randomized to azacitidine, 66%
were transfusion dependent at baseline. Of these, 45% had
an elimination of all transfusions, while another 9% had a
reduction in transfusions by 50% [19]. In addition, lineage
responses for platelets and white blood cells (WBC)
occurred in 47% and 40%, respectively, among the patients
treated with azacitidine. The median duration of transfusion
independence was 9 months.

Further studies conducted separately on the CALGB 9221
patient population documented an improved quality of life for
those MDS patients treated with azacitidine [12]. This was
evidenced by the reduction of transfusion requirements,
decreased rate of infections and hospitalizations, as well as
improvement of fatigue, dyspnea, and physical functioning
in patients receiving azacitidine.

AZA-001 trial

To definitely determine whether treatment with azacitidine
conferred a survival benefit to MDS patients, a second large
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randomized phase III trial, with survival as primary
endpoint, was initiated. The AZA-001 trial included 358
patients with high-risk MDS (Int-2 or high-risk according
to IPSS) [13]. Patients were randomized to receive either
azacitidine (179 patients) at a dose of 75 mg/m2 for 7 days,
or one of three conventional care regimens (CCR). The
choice of CCR included BSC (105 patients), low-dose
cytarabine (49 patients), or intensive “AML-like” induction
chemotherapy (25 patients) as selected by investigators
before randomization. This trial showed a remission rate
(CR + PR) of 29% for azacitidine compared to 12% for
CCR (p<0.0001) and a hematological improvement rate of
49% for azacitidine compared to 29% for CCR (p<0.0001).
Transfusion independence was achieved in 45% of patients
receiving azacitidine. More importantly, a significantly
prolonged median overall survival for the azacitidine group
compared to the CCR group was demonstrated (24.5 vs.
15.0 months, respectively, p=0.0001). In addition, time to
AML progression as a secondary study endpoint was
significantly increased in the azacitidine arm (17.8 vs.
11.5 months, p<0.0001). The absolute survival benefit for
patients treated with azacitidine compared to CCR was
9.4 months. The percentage of patients alive at 2 years was
twofold higher in the azacitidine arm as compared to the
CCR arm (azacitidine, 51%; CCR, 26%; p<0.0001). Data
on patients with sAML according to WHO criteria (FAB
RAEB-T) included in the AZA-001 have recently been
analyzed, and found to also confer a survival benefit to this
subgroup of patients [17].

Safety and tolerability of azacitidine

The most common adverse event occurring during treatment
with azacitidine is myelosuppression. Since cytopenias are
inherent to MDS, it is difficult to assess to which extent
myelosuppression is therapy-related or part of the natural
course of the disease. However, low baseline blood cell
counts further decreased in patients receiving treatment with
azacitidine. Accordingly, the most common reasons for
treatment discontinuation, dose reduction or interruption
were leukocytopenia, neutropenia, and thrombocytopenia. In
the CALGB 9221 trial, grade 3–4 leukocytopenia occurred
in 59%, granulocytopenia in 81%, and thrombocytopenia in
70% of patients receiving azacitidine [11]. Infection thought
to be related to treatment was reported in 20% of patients.
The highest rate of adverse events was reported during the
first two cycles of therapy and decreased in subsequent
cycles. The proportion of patients with adverse events did
not increase with patient age. There was one treatment-
related death (<1%) in the CALGB 9221 trial, and four
treatment-related deaths (2%) in the AZA-001 trial. In the
AZA-001 trial, rates of grade 3–4 toxicity were 91% for

neutropenia, 85% for thrombocytopenia, and 57% for
anemia [13]. Five percent of patients receiving azacitidine
discontinued treatment in the AZA-001 trial before study
completion due to hematological adverse events.

Nonhematological adverse events were most commonly
either gastrointestinal or were associated with subcutaneous
administration. Common gastrointestinal side effects in-
clude nausea, vomiting, diarrhea, constipation, and anorex-
ia. Other reported adverse events were arthralgia, cough,
headache, weakness, dizziness, and insomnia. Liver func-
tion abnormalities occurred in patients with intercurrent
illnesses, and more severe abnormalities were noted in
patients with liver cirrhosis [22].

Predictive factors for treatment with azacitidine

Chromosomal abnormalities

Recurring cytogenetic abnormalities associated with MDS
can be divided into good, intermediate, and poor risk
categories [3, 6]. Patients with good risk karyotypes
(normal karyotype, isolated deletions of chromosome 20
(del(20q)), chromosome 5 (del(5q)), or loss of the Y
chromosome as sole abnormality) have a more favorable
prognosis. Those high-risk MDS patients who display a
normal karyotype may occasionally benefit from intensive
“AML-like” chemotherapy and achieve long-term remis-
sions [23, 24]. Conversely, MDS patients with poor risk
cytogenetics (complex aberrant karyotypes and/or altera-
tions involving chromosome 7) have a very unfavorable
prognosis [6, 25, 26]. These patients generally do not
respond to conventional cytotoxic agents, making them
poor candidates for intensive chemotherapy [27].

Demethylating agents have been shown to be beneficial in
MDS with adverse cytogenetics [28–31]. A high rate of
remission in MDS patients with chromosome 7 abnormalities
treated with azacitidine was first observed in two smaller
uncontrolled studies [30, 32]. In the randomized AZA-001
trial, treatment with azacitidine was shown to be effective in
all cytogenetic subgroups of MDS. In particular, a high
response rate was observed in the group of patients with
chromosome 7 abnormalities [33, 34]. Survival in this
subgroup was significantly prolonged in patients receiving
azacitidine compared to CCR (13.1 months vs. 4.6 months,
p=0.002), both in the group of patients with −7/del(7q) alone
as well as the group with −7/del(7q) as part of a complex
aberrant karyotype [34]. Furthermore, in a large retrospective
analysis of the outcome of MDS patients with chromosome 5
or 7 abnormalities, treatment with azacitidine or decitabine
was superior to conventional chemotherapy in terms of
survival [31]. Thus, azacitidine has a high efficacy in this
subgroup of MDS patients with a very poor prognosis.
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MDS patients with intermediate or good prognostic
karyotypes in the AZA-001 trial also had an increased
survival with therapy with azacitidine as compared to CCR.
The median overall survival for the azacitidine arm was not
reached in the good risk cytogenetic subgroup, and was
26.3 months in the intermediate risk cytogenetic subgroup
compared to 17 months for both cytogenetic groups in the
CCR arm (p=0.04 and 0.02, respectively)[13].

Other factors

Response to azacitidine was not influenced by age, sex,
MDS subtype by FAB or WHO classification, LDH serum
levels, or percentage of bone marrow blasts [13, 19].

Practical recommendations regarding treatment
with azacitidine

The standard dosing regimen for azacitidine employed in the
CALGB 9221, as well as the AZA-001 trial is 75 mg/m2 for
seven consecutive days repeated every 28 days (AZA-7).
Patients should be premedicated to prevent nausea and
vomiting. Azacitidine is administered subcutaneously. The
starting dose of 75 mg/m2 is recommended regardless of
baseline blood values. Since the 7-day regimen is inconve-
nient in the outpatient setting, alternative schedules, either
skipping weekends (AZA-5-2) or administering azacitidine
for only 5 days (AZA-5) have been proposed. Recently
published data from an open-label randomized phase II trial
have demonstrated comparable efficacy of these two sched-
ules with the established 7-day schedule [18], although
overall survival was not a study endpoint, and the original
7-day regimen was not included in this study. However, the
majority of patients (63%) included in this trial had low-risk
MDS. The use of the AZA-5 schedule results in a 30% dose
reduction compared to the AZA-7 or AZA-5-2 schedule.
Accordingly, toxicity in terms of grade 3–4 hematologic
adverse events was lower using the AZA-5 than the AZA-5-
2 regimen. It is conceivable that a decreased dose may also
translate into reduced efficacy in high-risk MDS patients.
Therefore, the use of a dose-reduced AZA schedule (if not
necessitated by hematological toxicity) cannot be recom-
mended in the high-risk setting.

Time to response

Due to its proposed mode of action of promoting
demethylation in newly synthesized DNA, several rounds
of DNA replication are necessary for azacitidine to elicit a
full effect [35–37]. Thus, clinical responses do not occur
immediately. In the CALGB 9221 trial, the median number

of cycles from the first treatment with azacitidine to
response was three cycles (range, one to 17 cycles) [19].
Although 75% of responding patients achieved a response
by cycle four, one-fourth of responding patients showed an
effect as late as cycle 17. The majority of responding
patients (90%) achieved a response by the sixth cycle.
Similarly, in the AZA-001 trial, best response was achieved
after a median of four cycles, with an 87% probability of
patients achieving a response by cycle six. On the basis of
these results, it becomes evident that terminating therapy, if
no response is seen after a few cycles, would be premature
and would prevent many patients from benefiting from
azacitidine treatment. We recommend treating MDS
patients with azacitidine for a minimum of six cycles
before evaluating response, unless overt progression to
AML or unacceptable toxicity occurs. This seems to be the
most practical approach although it will undoubtedly lead
to some late responders being missed. In daily clinical
practice, the decision whether or not to continue azacitidine
treatment in the absence of response after six cycles is
difficult and must be made on an individual basis, which
includes consideration of the patient’s preference.

Optimum duration of therapy

Another question at issue is the optimal duration of
azacitidine therapy in patients showing any response. In
the CALGB 9221 trial, the range of cycles was 1–17, but a
median cycle number was not stated [11]. Best response
lasted for a median of five cycles after achievement of first
response [19]. In the AZA-001 trial, cycle range was 1–39
with a median of nine cycles [13]. Continuation of
azacitidine treatment led to a higher IWG response category
in 48% of responding patients, and these patients received a
median of eight additional azacitidine courses [38]. The
median duration of hematological response (CR, PR, or any
hematologic improvement) in the AZA-001 trial was
13.6 months. In a small retrospective study, the outcome
of patients with high-risk MDS, treated with a maximum
number of six azacitidine courses, was analyzed [39].
Patients were treated for four courses, with two additional
courses administered as consolidation if a response was
seen after four cycles. Although patients clearly benefited
even from this limited number of treatment courses,
remission rates were lower, and median survival was
inferior to the AZA-001 trial where treatment was contin-
ued until progression.

The optimal duration of therapy has not been clearly
defined and should be a focus of further studies. In the
absence of unacceptable toxicity, the authors recommend
continuation of azacitidine treatment in all patients achieving
CR, PR, or HI until progression. Since a direct comparison
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between patients achieving stable disease with azacitidine
vs. conventional care in the AZA-001 study does not exist
due to low patient numbers in this category, the authors feel
there is insufficient data to make a definite recommendation
in this case. The decision to continue therapy in patients with
stable disease should be at the treating physician’s discretion
and take into account whether or not the patient is motivated
to continue therapy. It is unclear whether treatment with
azacitidine beyond progression may still be able to slow
down progression kinetics. Although there may be a lack of
treatment options in these cases, the authors strongly suggest
that azacitidine should be discontinued when clear evidence
of progression has been established. There are insufficient
data to draw definite conclusions on re-challenging patients
with azacitidine at relapse, although anecdotal reports
suggest this may be feasible. It has been reported that
patients who have become refractory to azacitidine may
benefit from a switch to decitabine [40].

Table 1 summarizes recommendations for duration of
therapy.

Response assessment

Most patients responding to azacitidine achieve improve-
ment of their baseline blood values and about half of them
become transfusion independent. This form of response is
easily determined by observing blood counts over time.
Peripheral blood counts often worsen initially, especially
during the first two cycles of therapy, before they improve
in responding patients. This is one of the reasons for
deferring response assessment until cycle six. To accurately
assess PR or CR, as well as cytogenetic remissions, bone
marrow evaluation is necessary. If response to azacitidine is
evident by improving blood values and decreased transfu-
sion requirement, additional bone marrow evaluation may
be considered optional in patients with normal karyotype
MDS. However, in the case of stable blood values, bone
marrow evaluation provides important additional informa-
tion, i.e., on the reduction of blast counts. In patients with

abnormal cytogenetics, assessment of response by bone
marrow aspirate is recommended to enable determination of
cytogenetic remission. Moreover, patients should not be
categorized as non-responders on the basis of peripheral
blood values alone. Bone marrow evaluation may reveal a
response in terms of a decrease in blasts even if peripheral
blood counts remain unchanged. Improved quality of life,
as reported by patients, may also be a useful parameter in
determining benefit from azacitidine therapy, especially if
only disease stabilization is observed.

Management of side effects

In general, side effects tend to occur more often during the first
two cycles of azacitidine therapy, and then taper off with the
use of appropriate concomitant medications [22]. However,
adverse events may occur at any time and patients should be
closely monitored on an outpatient basis even when they are
between cycles. Adverse events should be actively managed,
particularly during the first two cycles to allow continuation
of treatment with azacitidine and thus, achievement of
maximum therapeutic effect. Table 2 summarizes adverse
events and their recommended management.

Cytopenias

Monitoring of complete blood counts is necessary through-
out treatment. Since virtually all MDS patients have
cytopenia in at least one hematopoietic lineage, assessing
the myelosuppressive effect of azacitidine remains difficult.
Dose reduction is required most often for severe neutropenia
or thrombocytopenia, but discontinuation of therapy due to
hematological toxicity is almost never necessary. In the
AZA-001 trial, only 14% of patients required dose adjust-
ments for adverse hematologic events and 71% of these were
manageable with a single dose reduction. More often,
transient worsening of cytopenia can be managed by
delaying the next treatment cycle, or by concurrent transfu-
sion of red blood cells or platelets. Importantly, if the grade

Table 1 Recommendations for duration of azacitidine treatment

Recommendations

Initial treatment Continue treatment with azacitidine for at least 6 cycles before evaluation of response,
unless unacceptable toxicity or progression to overt leukemia occurs

Patients who achieve CR, PR, or HIa If CR, PR, or HI was achieved after 6 cycles, continue treatment with azacitidine to maximize
benefit for as long as patient has documented response, and is willing to continue treatment

Patients who achieve disease stabilizationa If SD is achieved after 6 cycles, decision to continue treatment with azacitidine must be made
on individual basis, as there are insufficient data to make a definite recommendation

CR complete remission, PR partial remission, HI hematologic improvement, SD stable disease
aModified International Working Group (IWG) 2000 criteria for myelodysplastic syndromes [21]
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of cytopenia increases in one hematopoietic cell line but
improves in another, the next azacitidine cycle should not be
delayed and no dose adjustment should be made. In the
AZA-001 trial, the temporary increase in cytopenias did not
translate into an increased rate of infection or bleeding, and
did not adversely affect response or survival [13].

Use of antibiotics and growth factors in febrile neutropenia
and infection

Although anemia and thrombocytopenia can be expected to
improve over the course of azacitidine therapy in responding
patients, correction of existing neutropenia is less common
[13]. The risk of serious infection is increased in patients
with neutropenia, and infection is a common cause of death
in MDS. Infectious complications during treatment with
azacitidine occur most commonly in neutropenic patients
and are potentially dangerous, though fatal outcomes have
rarely been reported. Patients should receive clear instruc-
tions to seek medical attention promptly if febrile neutro-
penia occurs. Management of febrile neutropenia in patients
treated with azacitidine is no different than with other
cytotoxic drugs and should follow established guidelines,
including prompt initiation of empirical antibiotics.

Prophylactic antibiotics such as quinolones are not
always effective in preventing infection in patients with
MDS and are therefore not used routinely. However, in
patients experiencing febrile neutropenia during azacitidine
treatment, prophylactic use of antibiotics in subsequent
treatment cycles is appropriate. For patients with persistent

neutropenia despite improvement in platelet counts or
hemoglobin levels, concurrent administration of granulo-
cyte colony-stimulating factor (G-CSF) may be considered.
However, a positive effect of G-CSF in this setting has not
been established.

Gastrointestinal adverse effects

Gastrointestinal side effects are common but can generally
be managed easily with appropriate medication. Premed-
ication for prevention of nausea and vomiting is necessary.
For the most part, administration of metoclopramide or a 5-
HT3 antagonist prior to azacitidine is sufficient. However,
in some cases, nausea may be more severe and additional
antiemetic medication may be required. Corticosteroids
such as dexamethasone are effective, but should be used
with caution as they may increase existing immunosup-
pression. Diarrhea or constipation may occur and constipa-
tion is more frequent with the use of 5-HT3 antagonists.
Generally, diarrhea may be controlled with antidiarrheal
agents such as loperamide hydrochloride, while constipa-
tion may be managed with stool softeners and laxatives.

Injection site reactions

Injection site reactions in the form of localized erythema or
bruising occur in almost all patients with subcutaneous
application of azacitidine. Generally, these reactions are
transient and do not require specific therapy. Local skin
reactions can be minimized by using a fresh needle for each

Table 2 Common side effects of azacitidine and recommendations for management

Adverse event Monitoring Prophylaxis Therapy

Hematologic CBC at regular intervals Consider G-CSF if expected
neutropenia exceeds 10 days

Delay next cycle until recovery of CBC

Reduce dose in next cycle if blood values do
not recover within 2 weeks of designated
day 1 of next cycle

Transfusion of RBC and platelets as required

Infection Regular clinical examination Consider G-CSF in following cycles Antibiotics following guidelines
for neutropenic feverEducate patient to seek medical

care promptly if temp >38.5°C
occurs

Consider antibiotics (e.g., quinolones)

Nausea and emesis Premedicate with antiemetics
(metoclopramide, alizapride
or 5-HT3 antagonist)

Escalate antiemetic regimen
(5-HT3 antagonist, dexamethasone)

Diarrhea I.V. fluids

Loperamide

Constipation Consider laxatives when using high
dose 5-HT3 antagonists

Laxatives, stool softener

Injection site
reaction

Clinical examination Correct injection technique Symptomatic (evening primrose oil,
cooling compresses, soothing lotion)

Rotation of injection sites Topical steroids

CBC complete blood count, RBC red blood cell, G-CSF granulocyte-colony stimulating factor
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application and not purging the air from the needle before
injection. In addition, local application of evening primrose
oil (Oenothera biennis) directly after injection has recently
been shown to alleviate inflammatory skin reactions [41].
Injection sites should be rotated, and new injections should
never be given into areas where the site is tender, bruised, red,
or hard. In some cases, pruritus, inflammation, or induration
of the injection site may occur requiring more attention.
Application of a cool compress, local application of steroids,
or a soothing lotion (e.g., chamomile) may provide symptom-
atic relief. Occasionally, severe skin reactions may necessitate
switching to intravenous administration.

Future directions

Azacitidine at relapse after allogeneic SCT

Patients with high-risk MDS or AML relapsing after
allogeneic SCT have limited therapeutic options. As a
novel strategy to maximize the graft-versus-leukemia effect,
several investigators have administered azacitidine for
relapse after allogeneic SCT. Successful treatment with
azacitidine followed by donor lymphocyte infusion (DLI)
was recently reported for a patient with leukemic relapse of
MDS after allogeneic SCT, resulting in complete remission
[42]. Furthermore, encouraging results using this strategy
have been shown in a large pilot study of lower dose
azacitidine in combination with DLI for elderly patients
with relapsed AML or CMML after allogeneic SCT, paving
the way for a prospective clinical trial [43]. Similarly, in a
small uncontrolled study, administration of low dose
azacitidine as a single agent at relapse after allogeneic
SCT resulted in a high response rate in patients with AML
[44]. Azacitidine has also been used successfully within a
clinical trial as pre-emptive treatment to prevent full-blown
relapse in patients with AML and minimal residual disease
after allogeneic SCT [45].

Combination therapies

Ongoing and future studies will evaluate the potential of
combining azacitidine with other novel agents to further
improve outcome in patients with MDS. One attractive
approach is to combine azacitidine with a histone deacety-
lase (HDAC) inhibitor to maximize epigenetic modulation
of DNA. In addition to valproate and all-trans retinoic acid
(ATRA), both HDAC inhibitors, which have been available
for many years, newer and more potent HDAC inhibitors
have recently been developed and are entering clinical trials
[46–49]. In high-risk MDS patients, concomitant therapy
with azacitidine and the immunomodulatory agent lenali-
domide has been shown to be feasible without increased

toxicity in a phase I trial [50]. In low-risk MDS, azacitidine,
in combination with erythropoiesis-stimulating agents, is
also being assessed. These innovative clinical trials will
hopefully lead the way for new and effective treatment
options for MDS patients in the future.
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