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Azacitidine in the management of patients
with myelodysplastic syndromes
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Abstract: Myelodysplastic syndromes (MDS] are a heterogeneous group of clonal
hematopoeitic disorders characterized by ineffective hematopoiesis and potential
transformation to acute myeloid leukemia (AML). For decades, the mainstay of treatment for
MDS was supportive care, including transfusion of blood products and growth factors. Further
understanding of disease biology led to the discovery of a high prevalence of hypermethylation
of tumor suppressor genes in high-risk MDS and secondary leukemias. Hence, the role of
irreversible DNA methlytransferase inhibitors such as azacitidine was investigated with
promising outcomes in the treatment of MDS. Azacitidine was initially approved in the USA by
the Food and Drug Administration (FDA) in 2004 for the treatment of all subtypes of MDS and
was granted expanded approval in 2009 to reflect new overall survival data demonstrated in
the AZA-001 study of patients with higher-risk MDS. Azacitidine has demonstrated significant
and clinically meaningful prolongation of survival in higher-risk patients with MDS and has
changed the natural history of these disorders. The agent maintains a relatively safe toxicity
profile, even in older patients. The role of azacitidine has been explored in the treatment of
AML and chronic myelomonocytic leukemia and has also been studied in the peritransplant
setting. Azacitidine has been combined with other novel agents such as lenalidomide, histone
deacetylase inhibitors and growth factors in the hope of achieving improved outcomes.
Currently, both intravenous and subcutaneous forms of azacitidine are approved for use in the
USA with the oral form being granted fast track status by the FDA.
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Introduction

Myelodysplastic syndromes (MDS) comprise a
heterogeneous group of clonal hematological
disorders, characterized by ineffective hemat-
opoiesis with subsequent cytopenia and potential
transformation to acute myeloid leukemia (AML)
[de Angelo and Stone, 2005].

MDS may originate de novo or may be secondary
to exposure to DNA-damaging agents such as
ionizing radiation, alkylating agents or topoi-
somerase-2 inhibitors. In the USA, about five
new cases per 100,000 of the general population
are diagnosed with MDS each year. The incidence
increases with age and reaches about 20-50 cases
per 100,000 individuals above the age of 60. Age
is a primary factor, with the median age at diagnosis
being 70 years.

Classification and subsequent prognostic models
have helped hematologists fine-tune patient selec-
tion and treatment strategies to a great extent.
The 2008 World Health Organization (WHO)
classification of MDS represents a minor modifi-
cation of the third edition WHO classification
which was originally published in 2001, building
on the basis of the 1982 French—American—British
(FAB) classification. The current WHO classifi-
cation divides these syndromes into 10 different
groups based on key features seen in the periph-
eral blood and bone marrow, as well as specific
cytogenetic abnormalities (Table 1). In 1997, in
an attempt to develop a consensus prognostic
risk-based analysis system, an international MDS
risk analysis workshop was convened and the
International Prognostic Scoring System (IPSS)
was developed [Greenberg ez al. 1997]. The IPSS
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Table 1. 2008 World Health Organization classification of myelodysplastic syndromes/neoplasms
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Table 2. IPSS-R Classification system for myelodysplastic syndromes

Prognostic 0 0.5 1

variable

1.5 2 3 4

Cytogenetics ~ Very good Good

Bone marrow 2
blast (%)

Hemoglobin 10
Platelets 100
ANC 0.8

50 to <100
<0.8

<50

>2 to <5

8to <10

Poor
>10

Intermediate
5-10

Very poor

<8

Risk category

Risk score

Very low
Low
Intermediate
High

Very high

1.5
>1.5-3
>3-4.5
>4.5-6
>6

Adapted from Greenberg et al. [2012].

ANC, absolute neutrophil count; IPSS-R, International Prognostic Scoring System Risk categories.

stratifies patients with MDS into four risk catego-
ries: low, intermediate-1, intermediate-2 and high
risk based on the sum of three variable subscores:
number of cytopenias, percentage of bone mar-
row blasts and cytogenetic abnormalities. Patients
over age 60 with a low IPSS score have a median
survival of 4.8 years, whereas patients with a high
IPSS score have a median survival of only
4 months. While the IPSS defines critical prog-
nostic features of MDS, shows the importance of
age-related stratification, and provides improved
prognostic evaluation, it does not distinguish
between patients with severe and moderate
degrees of cytopenias. Similarly, it also fails to
identify patients who may face a poor prognosis
despite having lower-risk disease (low and inter-
mediate-1 risk).

Taking these flaws into account, various newer
scoring systems have been developed. The MD
Anderson Cancer Center score (MDACC) was
developed to provide insight into which patients
may benefit from more aggressive treatment
[Garcia-Manero er al. 2008b]. The MDACC
scoring system may find its utility in better identi-
fying a subset of patients with lower-risk disease
who would benefit from early therapeutic inter-
vention. The WHO prognostic scoring system 1is
another risk model that takes into account the
severity of anemia as assessed by transfusion
requirements in addition to the blast percentage
and karyotype [Malcovati ez al. 2007]. It uses a
six-category system and allows for more precise

prognostication of overall survival (OS) duration
and risk of progression to AML. More recently,
the IPSS has also been revised in order to better
stratify patients into risk categories (IPSS-R)
[Greenberg er al. 2012]. Data from a total of 7012
patients from multiple centers in 11 countries
were reviewed. Major changes include incorpora-
tion of five cytogenetic prognostic subgroups
instead of three. Depth of cytopenia is also
considered in the new version. In addition, the
IPSS-R score established for each patient can
now assess the individual prognostic risk in five
categories instead of four. According to the
groups, the estimated median survival ranges
from 8.8 years in the very low-risk group to
0.8 years in the very high-risk group (Table 2).

Pathophysiology of myelodysplastic

syndromes

Steps associated with the pathogenesis of MDS
include enhanced self-renewal of a hematopoi-
etic stem cell or acquisition of self-renewal in a
progenitor cell; increased proliferative capacity
in the disease-sustaining clone and/or in its
more differentiated progeny; impaired or blocked
differentiation; genetic and epigenetic instabil-
ity; antiapoptotic mechanisms in the disease-
sustaining cell; evasion of the immune system;
and suppression of normal hematopoiesis.

The capacity for self-renewal must be present in
the MDS disease-initiating cell [Nimer, 2008].
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This cell may arise from a self-renewing hemat-
opoietic stem cell or it may come from a more
differentiated myeloid progenitor that acquires
the ability to self-renew. Further clonal expansion
may occur through increased proliferation or
resistance to apoptosis, and an abnormal bone
marrow microenvironment could favor the devel-
opment of a neoplastic clone. MDS occur when
at least one of the molecular lesions present in the
dominant clone or in its microenvironment also
causes dysplastic differentiation of one or more
myeloid lineages giving rise to ineffective hemat-
opoiesis. The degree to which each step is affected
can determine how the disease manifests clini-
cally, including the types and degree of cytopenia
present and whether the disease is indolent or
rapidly progressive.

Advances in our knowledge of epigenetics have
also led to better understanding of the specifics
of the pathogenesis of MDS. DNA methylation
provides a major epigenetic code of the lineage
and development-specific genes that control
expression of normal cells [Ruter ez al. 2004].
The most relevant molecular mediators of the
epigenetic state in MDS are gene-expression
patterns maintained by methylation of cytosine
residues in DNA and covalent modification of
histones.

DNA methyl-transferases convert cytosine bases
into 5-methylcytosines, particularly when they
form the first base in a CpG dinucleotide. These
CpG islands are commonly found clustered in
and around gene promoters, consistent with
their role in the regulation of gene expression.
Methylation of CpG islands can alter their inter-
action with DNA-binding proteins, such as
transcription factors and histone-modifying
enzymes. Typically, methylation of CpG islands
in promoters leads to silencing of neighboring
genes and represents a mechanism for loss of
tumor suppressor gene expression. In MDS
and AML, several genes have been described
as targets of DNA hypermethylation. These
include the cell cycle regulators CDKN2A (p14
and pl6) and CDKN2B (pl5), CTNNAI,
E-cadherin (CDH1), and many others. Genome-
wide increases in promoter hypermethylation
predict survival, even after taking into considera-
tion age, sex, and IPSS risk group, and are seen
during progression to AML [Bejar er al. 2011;
Jiang et al. 2009; Shen er al. 2010]. These obser-
vations provide a rationale for the use of hypo-
methylating agents in MDS.

N

PN

HO—\é\?N
OH OH

Figure 1. Chemical structure of azacitidine.

Our knowledge of various other genes that play a
role in the pathophysiology of MDS is also rap-
idly advancing and studies continue to investigate
the biological and clinical consequences of each
genetic lesion. For example, one recent study
analyzed the impact of ten-eleven-translocation 2
(TET2) mutations on response to azacitidine in
MDS [Itzykson er al. 2011]. It was noted that the
response rate (including HI) was 82% in patients
carrying the mutated gene versus 45% in patients
carrying the wild type (p = 0.007). Thus, TET2
status may be a genetic predictor of response
to azacitidine, independently of karyotype, and
holds promise as one of the tools available to help
in better patient selection.

Azacitidine chemistry and

pharmacodynamic properties

Azacitidine is a pyrimidine nucleoside analog that
was chemically synthesized and characterized in
Czechoslovakia by Frantisek Sorm and his fellow
investigators in the 1960s (Figure 1) [Vogler et al.
1976]. Shortly afterwards, azacitidine was also
microbiologically isolated from the fermentation
beer of Streproverticillium ladakanus. Azacitidine
differs from cytosine primarily by the presence
of a nitrogen at position 5. The hypomethylat-
ing effect appears to primarily depend upon the
presence of this altered C5 position [Leone er al.
2002].

The cytotoxicity of azacitidine is a consequence
of its incorporation into RNA as well as DNA.
Azacitidine is transported into the mammalian
cell by the same facilitated nucleoside transport
system as operates for uridine and cytidine.
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Intracellular azacitidine undergoes three sequen-
tial phosphorylation reactions to reach its pre-
sumed active form, azacitidine triphosphate
[Glover ez al. 1987].

Being a ribonucleoside, azacitidine is incorpo-
rated in the RNA and to a lesser degree in the
DNA. Incorporation into RNA results in interfer-
ence in the synthesis of nucleic acids and proteins.
Although azacitidine is incorporated to a lesser
extent into DNA compared with RNA, its inhibi-
tory effect on DNA synthesis is much greater than
on RNA synthesis. After incorporation into DNA,
azacitidine noncompetitively inhibits the enzyme
DNA methyltransferase (DNMT1), which is
responsible for DNA methylation [Glover ez al.
1987]. Azacitidine thereby causes a block in cyto-
sine methylation in newly replicated DNA but
not in resting, nondividing cells. In summary,
azacitidine causes depletion of DNA methyltrans-
ferases, hypomethylation of DNA, and induction
of DNA damage [Hagemann et al. 2011;
Hollenbach ez al. 2010]. Other cytidine nucleo-
side analogs have also been studied in preclinical
studies to better understand their mechanism of
action, mainly decitabine and zebularine. The
main difference of decitabine from azacitidine is
that it is phosphorylated by different kinases and
is incorporated solely in the DNA. In addition, it
has also been shown that decitabine and azaciti-
dine have different effects in their actions on cell
viability, protein synthesis, cell cycle, and gene
expression [Hollenbach ez al. 2010].

Zebularine, a cytidine lacking the 4-amino group,
is the most recent addition to the nucleoside ana-
logues. Similar to azacitidine, it is a DNMT
inhibitor, inhibiting DNA methylation and reacti-
vating silenced genes. Moreover, it also enhances
tumor cell chemosensitivity and radiosensitivity
and has antimitogenic and angiostatic activities.
In addition, zebularine is also very stable. Recent
studies suggest differences in its mechanism of
action from azacitidine and decitabine and other
nucleosides [Champion ez al. 2010]. An increase
is seen in the DNA binding when zebularine is
incorporated into the DNA compared with deox-
ycytidine and 5-fluorodeoxycytidine, together
with a strong decrease in the dissociation rate.
The intermediate covalent complex between the
enzyme and the DNA is reversible, differing thus
from 5-fluorodeoxycytidine. No methylation reac-
tion occurs when zebularine is present in the DNA.
Zebularine exerts its hypomethylation activity by
stabilizing the binding of DNMTs to DNA,

hindering the methylation and decreasing the dis-
sociation, thereby trapping the enzyme and pre-
venting turnover even at other sites.

Preclinical activity

Preclinical studies involving human promyelo-
cytic leukemia HIL-60 cells suggest a difference in
the mechanism of action of azacitidine depending on
drug concentration. At low doses (2—8 mmol/liter),
azacitidine seems to preferentially target RNA and
induces cytotoxicity in G1 cells [Murakami ez al.
1995]. Higher concentrations (16 mmol/liter)
are associated with disturbances in RNA and
DNA metabolism and trigger cell death in both
G1 and S phases of the cell cycle. Azacitidine
also demonstrates differentiation-inducing activ-
ity at low doses and strong antileukemic effects
at higher concentrations in cell line models.
Azacitidine hence exerts its antineoplastic effect
by two distinct mechanisms: cytotoxicity and
induction of hypomethylation leading to cellular
effects that are distinct from immediate cytotoxic-
ity. DNA methylation profiles done 2 weeks after
the first cycle of azacitidine in one study showed
marked differences from the baseline DNA
methylation profiles of the patients and in some
predicted eventual hematologic responses [Fandy
et al. 2009].

Pharmacokinetic properties, dosing,
formulations and safety

The intravenous pharmacokinetic properties of
azacitidine were first studied in 1972 utilizing radi-
oactive labeling of the drug [Troetel er al. 1972].
The half life of azacitidine was 3.5 h with peak con-
centrations reached within 90 min. Most of the
drug was found to be cleared renally. The bioavail-
ability and pharmacokinetics of subcutaneously
administered azacitidine was compared with intra-
venous administration in six patients in a rand-
omized study [Marcucci er al. 2005]. Patients were
administered a single dose of azacitidine 75 mg/m?
either subcutaneously or intravenously with a min-
imum of 7 days and maximum of 28 days were
permitted between treatments. Subcutaneous
azacitidine was found to have good bioavailability
compared with intravenous administration, with area
under the curve values within 89% of that measured
following intravenous administration. Mean intra-
venous half life was approximately 22 * 1 min and
mean subcutaneous half life was 41 * 8 min. The
higher mean half life of the subcutaneous form has
been attributed to the additional transition time
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required for azacitidine to move from the subcuta-
neous compartment into the circulation. Another
explanation is that azacitidine remains both stable
and bioavailable at the subcutaneous depot site
until entering the plasma compartment. Following
subcutaneous administration of azacitidine, max-
imum plasma concentration was observed at
0.5 h in all six patients. The primary route of excre-
tion for azacitidine and its metabolites is through
the urine.

Although the drug is mainly excreted renally
(50-85%), renal complications are rare [Peterson
et al. 1981]. Since azacitidine has not been stud-
ied in patients with concurrent renal dysfunction
and MDS, caution is advised when dealing with
such situations and dose reductions may be nec-
essary. Azacitidine is also contraindicated in patients
with advanced liver tumors. Hepatotoxicity may
also occur in patients with severe preexisting
hepatic impairment. [Vogler ez al. 1976].

The current standard dosing schedule of azaciti-
dine is 75 mg/m? subcutaneously for 7 consecu-
tive days (525 mg/m? total), every 4 weeks, and is
certainly feasible. In the AZA-001 study, 86% of
patients had no dose reduction, and 80% of cycles
were given at 4- or 5-week intervals, without pro-
phylactic myeloid growth factor use [Fenaux ez al.
2009]. Moreover, patients treated with azaciti-
dine did not experience higher rates of infection
or bleeding relative to the observation/conven-
tional therapy groups.

Oral formulations of azacitidine have also been
recently studied with the premise being that this
would facilitate consistent dosing, reduce side
effects, and favor compliance. A phase 0 pilot
study demonstrated that plasma concentrations
of orally administered azacitidine were compara-
ble to those achieved by subcutaneous injection
[Garcia-Manero et al. 2008c]. Subsequently, a
phase I study of 41 patients receiving the first
75 mg/m? dose of azacitidine subcutaneously and
then escalating doses (from 120 to 600 mg) of
oral azacitidine over the next 7 days demonstrated
that oral azacitidine was well tolerated and had a
low toxicity profile [Garcia-Manero ez al. 2011].
The maximum tolerated oral dose was 480 mg,
with grade 3 and 4 diarrhea observed in two of the
three patients in the 600 mg cohort. Mean rela-
tive oral bioavailability ranged from 6.3% to 20%.
Overall response rate (complete remission, hema-
tologic improvement, or red blood cell or platelet
transfusion independence) was 35% in previously

treated patients and 73% in previously untreated
patients.

Azacitidine has generally been found to be a well
tolerated drug, with the most common grade 3 or
4 events being cytopenia [Vogler er al. 1976].The
most common nonhematological complications
related to the subcutaneous route of administra-
tion are injection site reactions such as erythema
and ecchymosis, followed by nausea and vomit-
ing. Myelosuppression can sometimes be severe,
but is usually transient, and most patients recover
before their next treatment or require a dose delay
(23-29%) [Santini er al. 2010]. Most of the
adverse events are seen in the first two cycles and
diminish subsequently. Infectious complications
are not statistically different when compared with
best supportive care. It has also been noted that
comorbid conditions in older patients do seem to
have an impact on the tolerability of azacitidine
[Seymour ez al. 2010].

Women of childbearing age should be warned of
the potential harm of azacitidine on pregnancy.
Women should be instructed not to breastfeed
and to avoid pregnancy while on therapy. The
safety profile of azacitidine is not known in
children.

Clinical efficacy

We have already discussed the genetic and epige-
netic pathways that may lead to the development
of MDS. These changes are reversible, and hypo-
methylating agents have been shown to alter the
methylation patterns seen in these diseases, mak-
ing them the most active agents available for the
treatment of high-risk MDS [Bejar ez al. 2011].

Before hypomethylating agents became the main-
stay of therapy for patients with MDS, treatment
usually consisted only of supportive care for older
patients and many other different treatment strat-
egies for younger patients. These ranged from
single-agent ara-c to the more aggressive multia-
gent chemotherapy similar to that employed in
the treatment of AML as well as stem-cell trans-
plantation. Cure rates as well as survival rates
were low and patient selection for different thera-
peutic interventions was often difficult because of
the limited prognostic information available.
Advances in prognostic information gleaned from
our discovery of the various genetic and epige-
netic factors that play a role in the development of
MDS in recent years and the introduction of
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hypomethylating agents has changed the land-
scape of how we treat patients with MDS.

Azacitidine was first evaluated in a series of phase
I and II trials in the late 1960s and early 1970s as
a cytotoxic agent and found to be efficacious in
patients with myeloid malignancies [Cataldo ez al.
2009; Goldberg ez al. 1993; McCredie ez al. 1973;
Saiki er al. 1981; Vigil ez al. 2010; Vogler ez al.
1976]. Most of the patients in these studies were
suffering from relapsed AML and azacitadine was
mainly used as part of combination regimens with
varying doses ranging from 100 to 750 mg/m?
with response rates anywhere from 0% to 58%.
However, there was a trend towards better remis-
sion rates with a lower dosing schedule of azaciti-
dine in one of the phase I studies [Saiki ez al
1981]. These initial studies then led to the larger
phase II and phase III studies by Cancer and
Leukemia Group B (CALGB), establishing azac-
itidine as frontline therapy for patients with MDS.

Establishment of azacitidine as frontline

therapy in MDS

CALGB conducted a phase I/II study (CALGB
8421) of patients with largely refractory anemia
with excess blasts (RAEB) and RAEB in transfor-
mation (RAEB-t), using azacitidine at 75 mg/m?/
day continuous intravenous infusion for 7 days
every 28 days [Silverman ez al. 1993]. Responses
were seen in 49% of evaluable patients with 12%
of patients achieving complete response (CR),
25% partial response (PR), and 12% hematologi-
cal improvement (HI). Median survival for all
patients was 13.3 months, whereas median remis-
sion duration was 14.7 months.

This was followed by a second phase II study by
the same group (CALGB 8921), using a subcuta-
neous bolus injection of azacitidine at the same
dose [Silverman ez al. 2006]. Responses were once
again seen in close to 50% of patients with 27%
achieving CR/PR and 13% demonstrating HI.

With these encouraging results, a phase III trial
was conducted (CALGB 9221) which rand-
omized 191 patients to subcutaneous azacitidine
at 75 mg/m?/day for 7 days every 28 days versus
supportive care only [Silverman ez al. 2002].
Patients in the supportive care arm with progres-
sive disease were allowed to crossover to the azac-
itidine arm which occurred in nearly half of the
patients. The FAB classification was used at study
entry as the IPSS had not yet been developed.

CALGB response criteria were used as patient
enrollment predated the establishment of the
International Working Group (IWG) criteria
[Cheson et al. 2000]. Responses occurred in 60%
of patients in the azacitidine arm (7% CR, 16%
PR, 37% HI) compared with 5% receiving sup-
portive care (p < 0.001). As seen in previous stud-
ies, most of the responses were seen in the third
and fourth month of treatment. Median time to
leukemic transformation or death was 21 months
for azacitidine versus 13 months for supportive
care (p = 0.007). Enhancement in quality of life
was also found to be significant in patients ini-
tially randomized to azacitidine with an improve-
ment in fatigue, dyspnea, physical functioning
and psychological distress compared with those in
the supportive care arm [Kornblith ez al. 2002].
This study provided conclusive evidence that
azacitidine provided significantly higher response
rates, improved quality of life, and reduced risk of
leukemic transformation compared with support-
ive care. The crossover design of the study pre-
cluded demonstration of a survival advantage for
azacitidine-treated patients, although subset
analysis of high-risk patients suggested a survival
benefit.

As a result of this study, subcutaneous azaciti-
dine became the first drug to be approved for
the treatment of MDS of all FAB subtypes in
May 2004. The intravenous form of azacitidine
was also approved by the US Food and Drug
Administration (FDA) in January 2007 with a
similar dosing schedule to that of the subcuta-
neous route.

A further analysis of the three CALGB studies
was published in 2006 using the WHO classifi-
cation system and the IWG response criteria
[Silverman ez al. 2006]. Response rates in azac-
itidine-treated patients were consistent across
studies, with 40-47% of patients demonstrating
a response. CR was achieved in 10-17% of
patients, PR was rare, and 23-36% of patients
had HI. Median duration of response was
13.1 months. In all three studies, the median
number of cycles from first treatment with azac-
itidine to any response (CR, PR, or HI) was
three, with the majority of responders (90%)
achieving a response by the sixth cycle.

A second randomized trial, AZA-001, was con-
ducted to evaluate the impact on OS of hypo-
methylating therapy (HMT) in MDS. Efficacy
of azacitidine was compared with conventional

http://tah.sagepub.com
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1.0 —

Proportion surviving

Azacitidine
—— Conventional care

T
0 5 10 15

Number at risk

Azacitidine 179 152 130 85

Conventional 179 132 95 69
care

20 25 30 35 40
Time from randomization (months)

52 30 10 1 0

32 14 5 0 0

Figure 2. Overall survival of patients with myelodysplastic syndromes treated with azacitidine and

conventional care.
Adapted from Fenaux et al. [2009].

care regimens in patients with high-risk MDS
[Fenaux er al. 2009]. A total of 358 patients
were randomized 1:1 to receive azacitidine or a
conventional care regimen that could include
supportive care, low-dose cytarabine, or induc-
tion-type chemotherapy. The conventional care
regimen was chosen by the investigator prior to
randomization. Azacitidine was administered
subcutaneously at 75 mg/m?2 daily for 7 consecu-
tive days every 28 days for at least six cycles. A
median of nine cycles of azacitidine was admin-
istered (range 4-15 cycles). The primary end-
point in the AZA-001 study was OS. Patients
treated with azacitidine had median OS of
24.5 months, while patients receiving conven-
tional care had a median OS of 15.0 months
(Figure 2). The estimated 2-year survival rates
were 50.8% for patients receiving azacitidine
and 26.2% for patients receiving conventional
care; patients in the azacitidine group also had
higher rates of CR (17% wversus 8%, p = 0.015)
and PR (12% versus 4%, p = 0.0094). Likewise,
the median time to disease progression, relapse
after CR or PR, and death were significantly
longer in the azacitidine group than in the con-
ventional care group (14.1 versus 8.8 months,
p = 0.047). The median duration of hematologi-
cal response (CR, PR, and HI) was significantly
longer in the azacitidine group than in the con-
ventional care group (13.6 versus 5.2 months,
p = 0.0002). The rate of transformation to AML

was lower in the azacitidine group than in the
conventional care group, and the median time to
AML transformation was 17.8 months in the
azacitidine group compared with 11.5 months in
the conventional care group. Although statistical
significance was not reached because of lack of
power, this study showed for the first time that
azacitidine prolonged survival and decreased the
risk of transformation to AML in patients with
high-risk MDS compared with conventional
therapies. This benefit favoring azacitidine was
seen across groups regardless of which conven-
tional care regimen the investigator thought was
the most appropriate comparator.

A secondary analysis of the AZA-001 study was
recently published which evaluated the potential
benefit of continuing azacitidine therapy beyond
first response [Silverman ez al. 2011]. Overall, 91
of 179 patients achieved a response to azaciti-
dine; responding patients received a median of
14 treatment cycles. Median time to first response
was two cycles. A total of 91% of first responses
occurred by six cycles, with the remaining 9%
achieving their first response by cycle 12.
Although the first response was the best response
for 52% of patients, a median of three additional
cycles were needed for the rest of the patients to
achieve their best response, suggesting that pro-
longed treatment with azacitidine may maximize
response.
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An interesting aspect of the CALGB and the
AZA-001 trials to note is the relatively low CR
rate. Although conventional wisdom would sug-
gest that achieving CR is paramount for survival
benefit, a retrospective subset analysis examin-
ing the survival impact of azacitidine excluding
patients who achieved CR suggests otherwise
[List er al. 2008]. One-year survival rates were
superior for azacitidine treatment versus con-
ventional treatment, 68% versus 56% (p = 0.15)
respectively. Thus, even a response less than CR
trends towards improved survival.

Investigators at the Western Pennsylvania Cancer
Institute (WPCI) have had considerable experi-
ence with azacitidine in MDS. In this group’s
earliest experience, 48 patients were evaluated
for efficacy in the WPCI azacitidine program;
46 were transfusion dependent before treatment
[Gryn et al. 2002]. Eighteen of these patients
(39%) became transfusion independent. The
majority of this group required two or more
cycles to respond. The median duration of
response was 7 months, with three responses
continuing beyond 2 years. The FAB classification
and the IPSS did not predict response to azaciti-
dine. However, a decrease in the white blood cell
count during the initial cycle of azacitidine cor-
related with a higher response rate. Further
studies of 86 patients at the WPCI revealed
improvement in hematologic response to azaciti-
dine if given in combination with granulocyte
colony-stimulating factor (84% wversus 51%,
p = 0.003) [Abdulhaq and Rossetti, 2007].

Other studies analyzing the response to azaciti-
dine with regards to karyotype as well as the
potential utility in patients with marrow fibrosis
or with secondary MDS have also been carried
out at the WPCI. A retrospective analysis of
80 patients with MDS treated with azacitidine at
the WPCI showed no statistical difference in
response rate between patients with simple (less
than two cytogenetic abnormalities) and complex
karyotype (more than three cytogenetic abnor-
malities) (38% wversus 68%, p = 0.15)[Abdulhaq
and Rossetti, 2007]. In another study, it was
observed that azacitidine does better than con-
ventional chemotherapy for patients with chro-
mosome 5 or 7 abnormalities [Ravandi et al
2009]. In a retrospective review of 41 patients
with MDS with marrow fibrosis treated with
azacitidine, the overall response rate was found to
be 63% (7% CR, 20% PR, and 36% HI) [Juvvadi
et al. 2007]. Treatment was well tolerated with the

most common side effects being nausea, vomiting,
diarrhea, and cytopenia. This study demonstrated
that azacitidine is effective in treating patients with
MDS regardless of marrow histology and has
equal efficacy in patients with marrow fibrosis
compared with those without fibrosis. This group
has also studied the utility of azacitidine in chronic
myelomonocytic leukemia (CMML) with results
being discussed later in this paper.

Alternative dosing and administration schedule
Although studies have reported on alternative
dosing schedules of azacitidine having similar
response rates to the published regimen from the
AZA-001 trial, none of them have been shown to
be superior [Lyons ez al. 2009]. One such study
concluded that for patients with lower risk disease
for whom the treatment goal of improved quality
of life and reduced transfusion requirement was
sought, the use of 75 mg/m? subcutaneously for
5 days every 4 weeks was reasonable if a 7-day
regimen could not be administered, although
there are no data to support an OS benefit over
the standard dosing schedule [Lyons ez al. 2009].
In this randomized trial, patients with MDS were
given azacitidine subcutaneously in one of three
schedules every 4 weeks for six cycles: AZA 5-2-2
(75 mg/m? daily for 5 days, followed by 2 days of
no treatment, and then 75 mg/m? daily for 2 more
days for a total dose of 525 mg/m?2 per cycle),
AZA 5-2-5 (50 mg/m? daily for 5 days followed
by 2 days of no treatment, and then 50 mg/m? for
5 days for a total dose of 500 mg/m? per cycle), or
AZA 5 (75 mg/m? for 5 days for a total dose of
375 mg/m?). After six cycles of treatment, HI was
reported in 44%, 45%, and 56% of the patients in
the AZA 5-2-2, AZA 5-2-5, and AZA 5 arms
respectively. Packed red blood cell transfusion
independence was achieved by 50%, 55%, and
64% in the AZA 5-2-2, AZA 5-2-5, and AZA 5
arms respectively. More than one grade 3 or 4
adverse event occurred in 84%, 77%, and 58% of
patients in the AZA 5-2-2, AZA 5-2-5, and AZA
5 arms respectively.

Another retrospective Spanish registry study of
azacitidine reported on 144 patients who received
azacitidine 75 mg/m? for either 5 days, 5 days—
weekend off-2 days (5/2/2), or 7 consecutive days
[Garcia er al. 2009]. Those receiving 7 total days
of azacitidine had a higher CR rate, 22% wversus
12%. Patients who received 7 consecutive days
had a higher overall response rate of 74%, com-
pared with 65% for 5/2/2, or 58% for 5 days.
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Prolonged administration of azacitidine over a
10-day period has also been studied in a rand-
omized phase II study from the US Leukemia
Intergroup (E1905 study) [ClinicalTrials.gov
identifier: NCT00313586] testing 10 days of azac-
itidine (50 mg/m?/day subcutaneously) versus
10 days of azacitidine plus the histone deacetylase
(HDAC) inhibitor entinostat (4 mg/m?2/day orally
on days 3 and 10) [Prebet ez al. 2010b]. Of 150
patients, 70 demonstrated baseline cytogenetic
abnormalities. A total of 40 patients (27 MDS
and 13 AML) were evaluable. The clinical response
rates (CR plus PR plus trilineage HI) according to
IPSS cytogenetic risk stratification were 20%,
33%, and 35% for favorable, intermediate, and
poor cytogenetic risk groups respectively (p = non-
significant). A complete cytogenetic response
(CyR) of 13% and a partial CyR of 23% as a pro-
portion of all treated patients with initial cytoge-
netic abnormalities was seen. A total of 65
azacitidine-treated patients from AZA-001 had
comparable cytogenetic results available. Only
three patients (4.6%) experienced complete CyR
with 22 patients (33.8%) achieving partial CyR.
In contrast, the reported rate of clinical response
was similar in the two studies. Complete CyR was
more frequent in the E1905 study 10-day AZA
schedule compared with the 7-day schedule of the
AZA study (p = 0.007). There was no difference in
overall CyR between the two studies. Further
studies are warranted comparing this longer dosing
schedule with the more conventional 7-day sched-
ule to better evaluate these results.

Another study utilizing a lower dose of azacitidine
(15 mg/m? per day for 14 days) resulted in mod-
est activity without significant myelosuppression
[Chitambar ez al. 1991].

Additional studies at WPCI have also looked at
alternative dosing schedules. In a retrospective
analysis of eight patients who received azaciti-
dine 100 mg/m?2 for 5 days every 4 weeks, the
overall response was found to be 63% with aver-
age response duration of 6.2 months [Haq er al.
2006]. Myelosuppression leading to discontinu-
ation of treatment was only seen in two patients.
It was an otherwise well tolerated regimen.

Thus, while the 7-day subcutaneous or intrave-
nous regimens of azacitidine remain the FDA-
approved standards, alternative schedules seem
feasible for carefully selected patients who can
otherwise not tolerate the 7-day standard of care
approach.

Azacitidine as maintenance therapy

In a Nordic MDS study, 23 patients in CR after
induction chemotherapy received azacitidine as
consolidative therapy because of their ineligibility
for allogeneic transplantation. Azacitidine was
given at 60 mg/m2 subcutaneously daily for
5 days in a 28-day cycle until relapse or unaccep-
table toxicity occurred. The median duration of
response was 13.5 months (range 2—49 months)
with 30% of the cases remaining in CR beyond
20 months [Grovdal ez al. 2010].

Another study evaluated 51 patients with AML
or MDS who were treated with azacitidine after
receiving intensive chemotherapy (IC) [Gardin
et al. 2009]. A total of 46 evaluable patients had
achieved CR (z = 33), CR with incomplete
platelet recovery (CRi) (# = 11) and PR (n = 2)
before study entry. Diagnosis at IC onset was
MDS (N = 13) and AML (N = 33). The median
number of azacitidine maintenance cycles was
5.5 in CR patients and 2 in CRi or PR patients.
Median follow up was 24 months. Median
disease-free survival (DFS) was 6.5 months.
Median OS from response was 15 months.
18-month DFS and OS were 30% and 56% in
the 33 CR patients (median OS 24 months)
compared with 0% and 17% in the 11 PR/CRIi
patients (p = 0.0001 and 0.04 respectively). A
total of 21 of the 33 CR patients had relapsed
and 3 had CR duration greater than 24 months.
None of the patients in CRi/PR after IC improved
their response with azacitidine.

These studies suggest that there might be a role for
azacitidine as maintenance therapy in patients who
have achieved a response with standard induction
therapy to help with prolongation of response
duration while minimizing excess toxicity.

Role of azacitidine in the transplant setting

Although allogeneic hematopoietic stem-cell trans-
plantation (HSCT) is the only known curative
option for MDS, because of age restrictions,
concomitant medical conditions, and donor avail-
ability, fewer than 5% of patients with MDS are
transplant candidates. For those who do undergo
HSCT, results from several large centers indicate
DFS rates of approximately 30-50%, depending
on MDS type [Runde ez al. 1998]. Failure is due
primarily to transplant-related mortality in patients
with low-risk MDS and disease recurrence in
patients with high-risk MDS. Long-term follow-
up data demonstrate an overall DFS rate of 40%,
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similar to rates in patients who received intensive
chemotherapy [Appelbaum and Anderson, 1998].
Azacitidine has been investigated extensively in the
peritransplant setting.

In a retrospective study the outcomes of
34 patients with MDS who underwent HSCT
were analyzed, 14 of whom had received azaciti-
dine at standard doses before transplantation.
The Kaplan—Meier estimates for OS and progres-
sion-free survival between the two groups did not
show clear evidence of a favorable outcome for
either group, and there were no marked differ-
ences in toxic effects and other complications
between the two groups [Vigil er al. 2010].

Another study analyzed the post-transplant out-
comes of 54 consecutive patients with MDS or
CMMUL who received HSCT from HLLA-compatible
donors according to pretransplant azacitidine expo-
sure [Field ez al. 2010]. A total of 30 patients received
a median of four (range, one to seven) cycles of
azacitidine, and 24 patients did not receive azaciti-
dine before HCT. The 1-year estimates of OS,
relapse-free survival, and cumulative incidence of
relapse were 47%, 41%, and 20%, for azacitidine
patients and 60%, 51%, and 32% for nonazaciti-
dine patients respectively. These observations
suggest that outcomes are similar in both groups,
with a trend towards decreased early relapse in
patients receiving azacitidine.

A more recent study included 19 patients who
received HMT followed by allogeneic HSCT
[Kim ez al. 2012]. HMT consisted of decitabine
in 9 patients and azacitidine in 10. After HMT,
two patients achieved CR, six marrow CR (mCR),
three HI alone, and six stable disease (SD) in
terms of best response. In all, 2-year OS rates
were 68%, and the overall outcomes of those who
achieved CR/mCR with HMT tended to be supe-
rior to those without CR/mCR.

Azacitidine maintenance therapy after transplan-
tation has also been explored with a goal of
decreasing relapse rates. In one study, 45 patients
with high-risk MDS or AML in first complete
remission (CR1) after allogeneic HSCT were treated
with maintenance azacitidine [de Lima ez al.
2010]. By using a Bayesian adaptive method to
determine the best dose/schedule combination
based on time to toxicity, the authors investigated
combinations of five daily azacitidine doses: 8, 16,
24, 32, and 40 mg/m?2, and four schedules: one,
two, three, or four cycles, each with 5 days of drug

and 25 days of rest. Reversible thrombocytopenia
was the dose-limiting toxicity. The optimal com-
bination was found to be 32 mg/m? given for four
cycles. Median follow up was 20.5 months. One-
year event-free survival and OS were 58% and
77%, respectively. The authors concluded that
azacitidine at 32 mg/m?2 given for 5 days is safe
and can be administered after allogeneic trans-
plant for at least four cycles to heavily pretreated
patients with AML/MDS. The trial suggests that
this treatment may prolong event-free survival
and OS, and that more cycles may be associated
with greater benefit.

Few treatment options are available for patients
whose disease relapses after transplantation. The
WPCI group studied the treatment of patients
who have relapsed after unrelated donor peripheral
stem-cell transplantation [Rossetti ez al. 2007].
This study included six patients with high-risk
myeloid malignancies and cytogenetic relapse
after transplantation who received azacitidine at a
minimum dose of 25 mg/m? for 5 days. A reduc-
tion of cytogenetic abnormalities was observed in
83% of the patients shortly after one cycle of ther-
apy, with one patient remaining in CR 4 months
after the completion of therapy. The remaining
patients relapsed 30 days after the completion
of therapy, reflecting activity but a short-lived
response.

Another prospective, multicenter, single-arm
phase-II trial studies the utility of azacitidine
and donor lymphocyte infusion (DLI) as first
salvage therapy in 30 patients with MDS or
AML relapsing after HSCT [Schroeder er al.
2010]. A total of 25 patients were evaluable. Of
these, 23 had AML (15 de novo/8 secondary fol-
lowing MDS), 1 had MDS (RAEB type 1) and
one had a myelodysplastic/myeloproliferative
syndrome (CMML type 1). The median age
was 54 years. Relapse occurred in all patients
after a median of 160 days following HSCT.
Patients received a median of three courses of
azacitidine and 18 of 25 patients received DLI.
Following treatment, overall response rate
was 64% with five patients (20%) achieving a
CR or CRi, three (12%) a PR, and eight (32%)
SD. Median response duration was 266 days.
After a median follow up of 100 days, 15 of 25
patients (60%) were alive at the time of publica-
tion of the abstract. Median OS of all patients
was 184 days. All patients who achieved a CR/
CRiremained in ongoing remission for a median
time of 229 days.
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These studies suggest that there might be a role
for azacitidine in the treatment of patients who
relapse after HSCT, whether as monotherapy
or in combination with other therapies.

Efficacy of azacitidine in lower-risk
myelodysplastic syndromes

The vast majority of patients who are initially
diagnosed with MDS present with anemia and
eventually become transfusion dependent.
Although growth factors, such as the erythro-
poiesis-stimulating agents, with or without
granulocyte colony-stimulating factors, can be
used in the initial management of patients with
low-risk MDS, a considerable number of patients
will need alternative therapy. As described
before, although the IPSS can predict the natu-
ral history of MDS, it has certain limitations,
one of which is the identification of patients
who may face a poorer prognosis despite hav-
ing lower-risk disease (low and intermedi-
ate-1). Although there is a paucity of data with
regards to the use of azacitidine in low-risk
MDS, some studies have shown that azaciti-
dine can certainly be effectively used in such
patients.

The CALGB 9221 trial included 44 patients with
low-risk disease in its analysis. The overall
response observed in patients with low-risk MDS
receiving azacitidine was 59% (9% CR, 18% PR,
and 32% HI) with an OS of 44 months compared
with 27 months for the control group [Silverman
et al. 2006]. There has also been a report pub-
lished on a series of 52 low-risk transfusion-
dependent patients by a multicenter prospective
community-based study (AVIDA) [Grinblatt
et al. 2008]. In total, 42% achieved transfusion
independence while on azacitidine; 67% of the
patients who achieved transfusion independence
did so after the second cycle of treatment. A sig-
nificant 62% of patients were able to reach plate-
let transfusion independence; 88% of the patients
who achieved platelet transfusion independence
did so after the second treatment course, with
minimal side effects. Another retrospective Italian
study evaluated 74 patients with low-risk MDS
who received azacitidine at 75 or 100 mg/m? in
monthly schedules subcutaneously [Musto er al.
2010]. The overall response in these patients was
45% (10% CR, 9.5% PR, and 20.3% HI). HIs
were not as strong as those reported in higher-risk
populations.

These data suggest that azacitidine is a viable
option in a subset of patients with even lower-
risk disease, although there remains absence of
data on survival. Certainly, the lineage specific-
ity of azacitidine with its utility in reducing
platelet transfusion requirements in patients can
be taken advantage of and help improve the
quality of life of patients. As described before,
the newer scoring systems can provide better
guidance to physicians in identifying patients
with low-risk MDS who would benefit from
more aggressive treatment.

Azacitidine use in older patients

There are limited treatment options for patients
older than 75 years or fragile patients who cannot
otherwise tolerate cytotoxic therapy. An impor-
tant goal of therapy in this subgroup of patients is
to reduce transfusion dependence and delay pro-
gression of disease while limiting toxicities of any
therapeutic intervention. A recent subset analysis
of the AZA-001 trial was published looking at
patients older than 75 years [Seymour ez al.
2010]. There was a higher OS rate demonstrated
at 2 years (55%) than in the conventional care
group (15%). Azacitidine was also generally well
tolerated in patients older than 75 years and pro-
duced transfusion independence in 44% of the
patients who received it, compared with 22% in
the conventional care group. Although there
might have been a bias towards including rela-
tively fit patients in this study, this analysis dem-
onstrates that the use of azacitidine in patients
older than 75 years has better response rates com-
pared with conventional care with an acceptable
safety profile.

Use of azacitidine in chronic

myelomonocytic leukemia and other
myeloproliferative disorders

Although azacitidine has received FDA approval
for the treatment of CMML, phase II and III
studies that assessed the utility of azacitidine in
MDS included only a small number of patients
with this particular entity. A retrospective analy-
sis was recently published analyzing 38 patients
with CMML treated with azacitidine at the
Western Pennsylvania Cancer Institute [Costa
et al. 2011]. Azacitidine was administered at
75 mg/m? per day for 7 days or 100 mg/m? per
day for 5 days every 4 weeks. The modified IWG
criteria were used to assess response. The
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overall response rate was 39% (CR 11%, PR
3%, and HI 25%). The median OS was 12
months. There was a statistically significant OS
advantage in responders compared with nonre-
sponders: 15.5 wersus 9 months (p = 0.04).
Treatment was found to be generally well
tolerated with acceptable therapy-associated
toxicity.

Utility of azacitidine has also been reported in
the treatment of patients with Philadelphia (Ph)-
negative myeloproliferative neoplasm (MPN)
who have progressed to MDS or AML by the
Groupe Francophone des Myelodysplasies
recently [Thepot ez al. 2010].The study included
54 patients with a median age of 69.5 years. The
initial MPN was polycythemia vera (PV) in
21 patients (39%), essential thrombocytosis
(ET) in 21 patients (39%), primary myelofibro-
sis (PMF) in 7 patients (13%), and unclassified
MPN in 5 patients (9%). At inclusion in the
azacitidine program, 26 patients (48%) had
AML and 28 patients (52%) had MDS. Most of
the patients (65%) received azacitidine at the
FDA approved dose (75 mg/m?/day during
7 days every 28 days) and the median number of
cycles administered was six. The overall response
rate was 52% (24% CR, 11% PR, 8% with mar-
row CR or CR with incomplete recovery of cyto-
penias, 9% HI) and median response duration
was 9 months. Patients who evolved from ET
did better than patients who evolved from PV as
far as OS (71% wversus 33% responses in ET and
PV respectively) and achievement of CR (14%
CR for PV wversus 43% for ET) were concerned.
The median OS was 11 months. Interestingly,
recurrence of chronic phase features of the initial
MPN was observed in 38% of the responders.
These results suggest that azacitidine can cer-
tainly induce a substantial response rate with
relatively low toxicity in Ph-negative MPN hav-
ing progressed to AML/MDS.

Azacitidine in combination with other agents

Azacitidine has been combined with other agents
to augment the response rates and to prolong
response duration while maintaining low toxicity.
The synergistic effects of azacitidine and HDAC
inhibitors in reactivating silent genes encouraged
clinical studies of this combination in MDS
[Garcia-Manero er al. 2006]. One such agent is
valproic acid, which is a short-chain fatty acid
HDAC inhibitor with modest activity when used
alone. However, it has shown enhanced activity

when combined with hypomethylating agents
[Garcia-Manero et al. 2006; Voso et al. 2009].
The median OS for patients receiving valproic
acid plus azacitidine was 14.4 months with dis-
ease progression in 32% of patients. Another
phase I study combining azacitidine with the
HDAC inhibitor phenylbutyrate showed a 44%
overall response rate, with 7 of 13 patients with
MDS achieving a response [Gore ez al. 2006].

More recently, data on the combination of azac-
itidine and the HDAC inhibitor entinostat (MS-
275) [Prebet er al. 2010a]. This phase II study
randomized 150 patients into two arms. Arm B
received azacitidine 50 mg/m?2 for 10 days plus
entinostat, while arm A received azacitidine
50 mg/m? for 10 days alone. Following six cycles
of treatment, patients with documented clinical
response (IWG 2000: CR, PR, or trilineage HI)
continued for the lesser of a total of 24 cycles or
disease progression. Overall hematologic normal-
ization (HN) rate was 28%: 10% CR, 8% PR,
and 10% trilineage HI. The HN rates were 31%
in arm A and 24% in arm B (p = nonsignificant).
Nontrilineage HI was achieved in an additional
12% of patients in arm A and 19% of patients in
arm B; thus, total hematologic response was 43%
and 44%. The median time to best response was
6 months in both arms (range 1-14); median
duration of response was 11 months (range 1-18)
in arm A and 10 months (range 2-19) in arm B
(p = nonsignificant). With a median follow up of
17 months, median OS was 18 months in arm A
and 13 months in arm B (p = 0.15). The study
concluded that although prolonged administra-
tion of azacitidine improved hematologic normal-
ization compared indirectly with the current
standard of care, the addition of entinostat did
not improve the response rate.

MGCDO0103 is a selective HDAC inhibitor that
demonstrated promising activity as a single agent
in patients with MDS. In a phase /Il study,
patients with relapsed/refractory MDS or AML
received a standard dose of subcutaneous azaciti-
dine plus MGCDO0103 in escalating doses from
35 mg to 135 mg three times per week starting on
day 5 of azacitidine [Garcia-Manero et al. 2008a].
A total of 30% of the patients responded, with
four achieving a CR, five achieving an incomplete
response, and two achieving a PR. The maximum
tolerated dose of MGCDO0103 was fixed at 90 mg
because of severe nausea, vomiting, and dehydra-
tion at higher doses. Further trials are underway
using both broad and specific HDAC inhibitors.
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Azacitidine has also been combined with thalido-
mide and lenolidamide. In one study, thalido-
mide, which is an effective modulator of immune
response with antiangiogenic activity, was admin-
istered in escalating doses with a standard dose of
azacitidine for 5 days [Raza er al. 2008]. Of the
40 patients enrolled, 15% experienced a CR and
42% had HI. In another phase I study of
18 patients, azacitidine was tested in combination
with lenolidamide, which had demonstrated activ-
ity in patients with MDS with the 5q deletion
[Sekeres et al. 2010]. The treatment regimen was
well tolerated, and the overall response rate for the
17 evaluable patients was 71%, with 41% of
patients achieving a CR. The combination was
well tolerated with significant clinical activity.

One phase II study has also evaluated the efficacy
of combining azacitidine with etanercept, which
is a tumor necrosis factor o blocker [Holsinger
et al. 2007]. This was based on preclinical studies
of mechanisms that implicated tumor necrosis
factor a2 receptors in the development of MDS.
In 23 patients, azacitidine was given in the stand-
ard 7-day dose and schedule, while etanercept
was administered at 25 mg subcutaneously twice
a week for 2 weeks in a 28-day cycle. A total of 14
patients responded, with 28% achieving a CR
and 44% achieving a PR.

Gemtuzumab ozogamicin (GO), which is a pre-
viously available anti-CD 33 antibody/toxin
conjugate, has demonstrated a good response in
hematological malignancies. The combination
of GO and azacitidine has also been evaluated
in early clinical trials in patients with refractory
or relapsed AML or MDS [Michaelis ez al
2009]. Median OS was 21 weeks, and 27% of
patients achieved a CR. It is of note that 26% of
patients with refractory disease had a docu-
mented CR with a median OS of 40 weeks.
Despite these encouraging data, GO is no longer
available commercially.

Azacitidine versus decitabine

Decitabine is another azanucleoside that was
approved by the FDA on the basis of a rand-
omized phase III trial versus best supportive care
[Kantarjian er al. 2006]. An overall response rate
of 30% with a CR rate of 9% was seen in this trial.
Another multicenter study of 99 patients with
MDS using a different dose and schedule showed
a CR rate of 17%, with an overall response rate of
51% including HI [Steensma ez al. 2009].

The results reported from the European
Organization for Research and Treatment of
Cancer/German MDS trial (06011), which ran-
domly assigned 223 patients with MDS to best
supportive care with or without decitabine,
showed that at a median follow up of 2.5 years,
the median OS was 8.5 months for best sup-
portive care versus 10.1 months for decitabine,
a difference that was not statistically significant
(p = 0.38) [Lubbert ez al. 2011].

Although there have been two meta-analyses
comparing azacitidine with decitabine, there has
not yet been a head-to-head comparison between
azacitidine and decitabine in a prospective trial.
A comparative trial of azacitidine wversus decit-
abine was opened for recruitment [ClinicalTrials.
gov identifier: NCT01011283] but had to be
terminated because of poor accrual.

One meta-analysis and systematic review
included four trials with 952 patients that exam-
ined the effect of azacitidine and decitabine
[Gurion ez al. 2010]. When OS was analyzed,
there was an advantage of azacitidine [hazard
ratio (HR) 0.67, 95% confidence interval (CI)
0.54-0.83; two trials, 549 patients] over decit-
abine (HR 0.88, 95% CI 0.66-1.17; one trial,
233 patients). There was also an advantage of
azacitidine over decitabine in prolonging the time
to AML transformation or death.

Another meta-analysis/systematic review was
published which included the same randomized
controlled trials but used slightly different sta-
tistical methods [Kumar ez al. 2010]. The
authors found that an indirect comparison of
azacitidine to decitabine showed a statistically
significant benefit for the outcome of OS with
azacitidine (HR 0.63, 95% CI 0.46-0.85;
p = 0.003) but there was no difference between
azacitidine and decitabine for time to AML
transformation or death.

Although it would appear that azacitidine has an
advantage over decitabine based on these stud-
ies, caution should be exercised in interpreting
the results. There were a limited number of tri-
als and patients treated with decitabine included
in the meta-analyses. Moreover, there has also
been a difference in the duration of treatment
between azacitidine and decitabine, with decit-
abine administered for a median of only three
to four cycles compared with nine cycles for
azacitidine.
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Directions

Recent years have witnessed remarkable
advances in our understanding of the biology of
MDS. Many novel agents have been introduced
into clinical trials with encouraging results.
Azacitidine, the first hypomethylating agent to
be approved by the FDA for treatment of MDS,
was the first drug to prove that a change in the
natural history of these diseases could be accom-
plished. It has risen as a keystone in the treat-
ment of MDS as it prolongs survival and has a
relatively safe toxicity profile. Azacitidine has
also been shown to impact all three cell lines,
delay leukemic transformation, and improve
quality of life. With a better understanding of
the biology of MDS and the ever-changing
landscape of cytogenetics and molecular stud-
ies, we may be able to refine further the selec-
tion of patients who would benefit most from
the different types of treatments becoming
available.

Numerous challenges still remain, however, one
of the more important ones being the clinical
course of patients following azacitidine failure.
Recent studies have shown that the prognosis
for these patients is quite poor. One study ana-
lyzed data from 151 patients whose condition
failed to respond to azacitidine therapy and
showed a 12-month OS of only 20% [Lin ez al.
2010]. Similar results were reported in another
analysis of 435 patients post azacitidine failure,
showing a median OS of 5.6 months and a
2-year survival probability of only 15% [Prebet
et al. 2011].

The availability of azacitidine has significantly
impacted the way clinicians approach the treat-
ment of MDS and has given much hope to
patients with these diseases. We continue to
learn important information on alternative dos-
ing and combination therapy with other agents.
The promise of azacitidine treatment in MDS
(and AML) may result in future trials studying
the utility of this agent in the treatment of other
malignant conditions.
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