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A B S T R A C T

Purpose
This open-label, randomized phase II trial assessed efficacy and tolerability of two low-dose
regimens of subcutaneous (SC) decitabine in patients with low- or intermediate-1–risk myelodys-
plastic syndrome (MDS).

Patients and Methods
Patients received decitabine 20 mg/m2 SC per day for 3 consecutive days on days 1, 2, and 3 every
28 days (schedule A) or 20 mg/m2 SC per day once every 7 days on days 1, 8, and 15 every 28 days
(schedule B) for up to 1 year. Primary efficacy end point was overall improvement rate (OIR:
complete remission [CR], partial remission [PR], marrow CR [mCR], or hematologic improvement
[HI]). Secondary end points were HI, transfusion independence, cytogenetic response, overall
survival (OS), and time to acute myeloid leukemia or death.

Results
Efficacy and safety populations were identical: schedule A, n � 43; schedule B, n � 22. Median
time from MDS diagnosis to treatment was 3.6 months; 89% had de novo MDS. The trial was
terminated early on achievement of protocol-defined OIR superiority of schedule A over schedule
B; OIR was 23% for schedule A (seven CRs, three HIs) and 23% for schedule B (one mCR, one
PR, three HIs). No differences were observed in secondary end points. Median OS was not
reached; approximately 70% of patients were alive at 500 days. Patients in schedule A (67%) and
schedule B (59%) were RBC/platelet independent on study. The most frequent drug-related
adverse events overall were neutropenia (28% v 36%), anemia (23% v 18%), and thrombocyto-
penia (16% v 32%).

Conclusion
In this phase II study, low-dose decitabine showed promising results in patients with low- or
intermediate-1–risk MDS.

J Clin Oncol 31:2548-2553. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Myelodysplastic syndromes (MDSs) are a heteroge-
neous group of myeloid malignancies. Patients are
generally divided into risk groups on the basis of
International Prognostic Scoring System (IPSS) cri-
teria. Lower-risk groups are those with IPSS low and
intermediate-1 scores; higher-risk groups are those
with IPSS intermediate-2 and high scores.1 Recently,
it was proposed that the prognosis for patients with
lower-risk disease is heterogeneous, with a substan-
tial fraction of these patients having poor survival.2

Furthermore, the cause of death in patients with
lower-risk disease is more commonly related to
complications intrinsic to MDSs (particularly infec-

tion) rather than transformation to acute myeloid
leukemia (AML).3 Recent data also indicate that
poor prognosis mutational events are common in
patients with poor-risk or lower-risk MDSs.4,5 These
data suggest the need for the development of treat-
ment strategies for specific subsets of patients with
lower-risk and poor-risk MDSs. Treatment options
for patients with low- or intermediate-1–risk MDSs
include lenalidomide, hypomethylating agents, and
immunosuppression.6,7 In the United States, lena-
lidomide is indicated for treatment of patients with
transfusion-dependent anemia due to low- or
intermediate-1–risk MDS associated with a del(5q)
abnormality.8 Two hypomethylating agents, decit-
abine and azacitidine, are approved for treatment of
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MDSs.9,10 Azacitidine is indicated for treatment of patients with MDSs
of all French-American-British (FAB) categories.10 Decitabine is indi-
cated for treatment of patients with MDS in all FAB categories and
intermediate-1–risk, intermediate-2–risk, and higher-risk IPSS cate-
gories.9 However, decitabine has not been evaluated in patients with
lower-risk MDS, so the optimal dose and schedule of decitabine in this
setting is not known. A recent phase I study of oral azacitidine sug-
gested that lower drug exposure has activity in MDSs, potentially with
a better toxicity profile.11 A study of three low-dose decitabine regi-
mens, including a 5-day schedule at 20 mg/m2 intravenously (IV), a
5-day schedule at 20 mg/m2 subcutaneously (SC), and a 10-day sched-
ule at 10 mg/m2 IV, suggested that low-dose regimens may be more
effective and less toxic than higher-dose regimens.12 The SC schedule,
studied in 14 patients, was well tolerated and active.12

On the basis of these data, with the hypothesis that lower doses
of decitabine may be active and well tolerated in patients with
MDSs, this study aimed to determine efficacy, safety, and tolera-
bility of two low-dose SC regimens of decitabine in patients with
low- or intermediate-1–risk MDS.

PATIENTS AND METHODS

Patients

Patients age � 18 years with de novo or secondary IPSS low- or
intermediate-1–risk MDS were eligible if they had Eastern Cooperative
Oncology Group (ECOG) performance status (PS) of 0 to 2, adequate renal
and hepatic function (creatinine � 2� upper limit of normal [ULN], total
bilirubin � 2� ULN, and AST and ALT � 2� ULN), unless proven to be
related to disease infiltration. Transfusion-independent patients were eli-
gible for the study. Patients were excluded if they were pregnant or nursing;
had received prior therapy with decitabine or azacitidine; had received
growth factor support, lenalidomide, or an investigational agent within 30
days before first decitabine dose; had an active uncontrolled systemic
infection; or had concurrent disease that made the patient inappropriate
for inclusion. Participants with child-bearing potential were required to
use contraception throughout the study.

This study was conducted following the guidelines of each institution.
The institutional review board of each center approved the protocol, and all
patients provided written informed consent.

Treatment

This multicenter, open-label, randomized phase II study registered pa-
tients through an interactive voice response system. Patients were randomly
assigned by using a central procedure to receive decitabine 20 mg/m2 SC per
day for 3 consecutive days on days 1, 2, and 3 every 28 days (schedule A) or
decitabine 20 mg/m2 SC per day once every 7 days on days 1, 8, and 15
(schedule B) every 28 days. Injections were administered at suitable anatomic
sites (eg, abdomen, thigh, upper arm) on a rotating basis. Multiple injections
during the same administration session were permitted for patients requiring
more than 2 mL of drug.

Patients received their second course of therapy without interruption,
regardless of their degree of myelosuppression. After the first course, intervals
between subsequent cycles could be spaced out � 3 days at the investigator’s
discretion. Treatment duration was up to 1 year or until progressive disease
(PD), allogeneic bone marrow transplantation, intercurrent illness, patient
request, or changes in condition rendering further treatment unacceptable in
the judgment of the investigator. However, patients could continue treatment
off protocol at that time. If prolonged myelosuppression (� 42 days of abso-
lute neutrophil count [ANC] � 1 � 109/L and platelet count � 30 � 109/L)
was reported after cycle 1, subsequent cycles of decitabine were given at the
next lower dose (15 mg/m2 per day, then 10 mg/m2 per day, then 5 mg/m2 per
day) after recovery (ANC � 1 � 109/L and platelet count � 50 � 109/L). If a
patient had a grade 3 or 4 nonhematologic toxicity and a subsequent course of

therapy was appropriate (as judged by the investigator), the patient received
the subsequent course at a reduced dose (15 mg/m2 per day). Patients could
receive granulocyte colony-stimulating factor for fever of unknown origin,
infection, and/or ANC less than 0.75 � 109/L, if indicated. Use of other growth
factors, lenalidomide, azacitidine, or investigational agents was not permitted
during the study.

Statistical Analyses

By using an adaptive, blocked randomization procedure of Bayesian
design, the first 40 patients enrolled were randomly assigned 1:1 to sched-
ule A or B, and subsequent patients were randomly assigned to schedule A
or B on the basis of response data from the previous patients until a
preferred schedule was identified or a maximum of 80 patients was en-
rolled. There was 80% statistical power to detect a superior dosing sched-
ule. Superiority was defined as a posterior probability of more than 95%
that the objective response (complete response [CR], marrow CR [mCR],
partial response, or hematologic improvement [HI]) in one arm was
superior to that of the other (see Data Supplement).

Categorical variables were compared by using Fisher’s exact test, and
continuous variables were compared by using one-way analysis of variance;
survival was analyzed with Kaplan-Meier, Cox regression, and log-rank meth-
ods. All statistical assessments were two-sided with a significance level of less
than .05. The efficacy (modified intent-to-treat [mITT]) and safety popula-
tions both comprised all randomly assigned patients who received at least one
dose of study treatment.

Efficacy Assessments

The primary end point was overall improvement rate (OIR), defined
as CR, partial response, mCR, or HI, measured at the end of each cycle by
using each patient’s best response. Response was assessed by using modi-
fied International Working Group 2006 criteria.13 Secondary end points
included HI, cytogenetic response, overall survival (OS), and time to AML
transformation or death. Transfusion independence, also a secondary end
point, was defined as a patient being transfusion-free for � 8 consecutive
weeks between first dose of study drug and treatment discontinuation.
Patients were considered independent at baseline if they did not receive any
transfusions in the 8 weeks before the first dose; transfusions occurring on
the date of the first dose were considered to be on study. An exploratory
end point was assessment of the molecular effects of decitabine by using
DNA methylation and gene expression assays on patients with available
samples (assessments provided in Data Supplement).

Safety Evaluations

Toxicity was a secondary end point, assessed on the basis of adverse
events (AEs), exposure to study drug, medical history, physical examinations,
vital signs, concomitant medications, and laboratory assessments. All AEs
were coded by using the Medical Dictionary for Regulatory Activities (Med-
DRA), v13.0. Toxicities were graded according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events v3.0.

RESULTS

Patients

In total, 67 patients were randomly assigned from May 2008 to
October 2009 at five US sites. The mITT and safety populations each
comprised 65 patients (schedule A, n � 43; schedule B, n � 22).
Baseline demographics and clinical characteristics are summarized in
Table 1. Both groups were balanced, although there was a larger
percentage of men in schedule B versus schedule A (P � .01). Patient
disposition is shown in Figure 1.

Overall, 15 patients (23%) completed 12 cycles of study treat-
ment (schedule A, n � 11 [26%]; schedule B, n � 4 [18%]). Of 52
patients who discontinued, reasons included investigator decision
(29% overall), PD (23%), and patient withdrawal of consent (23%).
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Patients on schedule A received a median of 7.0 treatment cycles
(range, 1 to 13 treatment cycles), and patients on schedule B received a
median of 5.5 treatment cycles (range, 2 to 16 treatment cycles). In
total, 32% of patients had prior nonradiologic oncologic therapy. Of
these, six patients (46%) in schedule A and three patients (38%) in
schedule B had prior chemotherapy; one patient in schedule A had
prior immunologic therapy, and one patient in schedule B had prior
biologic therapy. No patient had received hormone therapy. In sched-
ules A and B, respectively, four (9%) of 43 patients and one (5%) of 22
patients had prior radiation therapy.

Efficacy

The trial was terminated early following achievement of
protocol-defined superiority, when the posterior probability of more
than 95% was met that OIR of schedule A was superior to that of
schedule B during the adaptive design phase. Posterior probability that
schedule A was superior to schedule B was 95.5% when eight successes

(OIR) and two failures (PD) with schedule A were compared with two
successes (OIR) and three failures (PD) with schedule B. Thus, ran-
domization to schedule B was terminated in October 2009. Enroll-
ment onto schedule A was terminated in December 2009, based on
sponsor review and confirmation of achievement of protocol-
defined superiority.

Although protocol-defined superiority was reached, no signifi-
cant difference in OIR was detected between groups (Table 2). The
OIR was 23% for both schedules A (10 of 43) and B (five of 22; 95% CI,
�21.1 to 22.1 for difference). No relevant between-group differences
were detected in OIR when patients were classified by subgroups of
age, IPSS risk assessment, time from MDS diagnosis, type of MDS,
receipt or not of prior MDS therapy, baseline cytogenetic abnormali-
ties, or ECOG PS.

No significant differences in HI were seen between schedules A
and B (schedule A, n � 3 [7%]; schedule B, n � 3 [14%]; P � not
significant). Table 2 shows the proportion of patients who were inde-
pendent from transfusion of RBCs, platelets, or both at baseline and
on study. Overall, 29 patients (67%) on schedule A and 13 (59%) on
schedule B were both RBC and platelet independent on study. There
was no difference between groups in duration of transfusion indepen-
dence of RBCs, platelets, or both. No relevant between-group differ-
ences in duration of transfusion independence were detected when
patients were classified by subgroup. No patient in either group had a
complete or partial cytogenetic response.

Survival

Median duration of follow-up was 14.6 months (range, 0.8 to
22.2 months) for schedule A and 15.5 months (range, 4.6 to 24.0
months) for schedule B. At time of analysis, median OS had not been
reached; approximately 70% of all patients were alive at 500 days (Fig
2A), and no significant difference was noted between groups (hazard
ratio, 1.5; 95% CI, 0.5 to 4.5). In addition, the groups did not differ
significantly in time to AML transformation or death, and median
time had not been reached in either group at the time of analysis
(Fig 2B).

Safety

All patients experienced at least one treatment-emergent AE.
Drug-related AEs were reported in 26 patients (61%) receiving sched-
ule A and 15 patients (68%) receiving schedule B; most were hemato-
logic. The most frequently reported drug-related AEs for schedules A
and B are summarized in Table 3. Drug-related AEs of grade 3 or
higher (Table 3) were experienced by 40% of patients who received
schedule A and 46% of patients who received schedule B; most
were hematologic.

By study termination, eight (19%) of 43 patients who received
schedule A and six (27%) of 22 patients who received schedule B had
died. Reasons for deaths were PD (schedule A, n � 5; schedule B,
n � 3), AE (n � 1 in each schedule), multiorgan failure (schedule B,
n � 1), and unknown (schedule A, n � 2; schedule B, n � 1). No AEs
led to death in either treatment group within the first 8 weeks on study.
Two patients (5%) receiving schedule A had a drug-related serious AE
leading to study discontinuation. One patient experienced angina and
one patient had pseudomonal sepsis. No drug-related deaths occurred
in either group.

Table 1. Patient Demographics and Baseline Characteristics

Characteristic

Schedule A
(n � 43)

Schedule B
(n � 22)

Overall
(N � 65)

No. % No. % No. %

Age, years
Mean 67 71 68
SD 14 10 13

Male sex� 25 58 20 91 45 69
Time from diagnosis

to treatment,
months

Median 3.7 3.2 3.6
Range 0.2-118 0-51 0-118

De novo MDS 39 91 19 86 58 89
IPSS intermediate-1 31 72 15 68 46 71
ECOG PS 0-1 41 95 20 91 61 94
Baseline

cytogenetics
Diploid 29 67 16 73 45 69
�Y 2 5 0 0 2 3
del (5q) 2 5 1 5 3 5
del (20q) 3 7 1 5 4 6
�8 3 7 1 5 4 6
Other 5 12 2 9 7 11
Complex (� three

abnormalities) 1 2 1 5 2 3
� 5% blasts in bone

marrow 27 63 16 73 43 66
Prior nonradiology

oncologic
therapy 13 30 8 36 21 32

Prognostic model
score2†

Category 1 (score
0-2) 7 18 2 9 9 15

Category 2 (score
3-4) 21 53 11 50 32 52

Category 3 (score
5-7) 12 30 9 41 21 34

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance
status; IPSS, International Prognostic Scoring System; MDS, myelodysplastic
syndrome; SD, standard deviation.

�P � .001 between groups.
†N � 62 (schedule A, n � 40; schedule B, n � 22). Three patients did not

have baseline bone marrow blasts reported.
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DNA Methylation

Results of exploratory and gene-specific promoter DNA methyl-
ation analyses are provided in the Data Supplement.

Expected Survival Based on Lower-Risk

Prognostic Model

In a post hoc analysis, we applied a lower-risk MDS scoring
system2 to 62 of the 65 patients in the mITT population (three patients

were excluded because bone marrow blasts were not reported). Of the
three possible score categories (1, 2, or 3), approximately half the
patients in each group (schedule A, 53%; schedule B, 50%) had a
prognostic score category of 2, based on baseline cytogenetics, age,
hemoglobin, platelets, and bone marrow blast percentage (Table 1).
Analyzing OS by MDS prognostic score category, median OS was
more than 674 days (median not reached) for patients in category 1,
more than 729 days (median not reached) for patients in category 2,
and 531 days for patients in category 3 (Fig 2C).

DISCUSSION

Decitabine is currently indicated as an IV injection for the treatment of
patients with intermediate-1, intermediate-2, and high-risk MDS.9

We hypothesized that a low-dose SC formulation might be active in
patients with lower-risk MDS. In our comparison of two low-dose
regimens of SC decitabine in patients with low- or intermediate-1–risk
MDS, protocol-defined superiority was achieved for schedule A over
schedule B. That said, no between-group differences were found in
OIR, HI, transfusion independence, or cytogenetic response. On-
study RBC and platelet independence was achieved by 67% of patients
on schedule A and 59% on schedule B. Median OS and median time to
AML transformation or death had not been reached at the time of this
analysis, but results appeared similar between groups. Both groups
had an OIR of 23%, and there were no differences between groups
when analyzed by various demographic and baseline characteristics.
In addition, the AE profiles of both SC regimens of decitabine inves-
tigated in this study were consistent with the known safety profile of
the IV formulation.9 Given these results, we recommend decitabine 20
mg/m2 per day SC for 3 consecutive days on days 1, 2, and 3 every 28
days (schedule A) for this patient population.

Screened
(N = 77)

Randomly assigned
(n = 67)

)44 = n( A eludehcS
  Received treatment (n = 43)
  Did not receive treatment (n = 1)

)32 = n( B eludehcS
  Received treatment (n = 22)
  Did not receive treatment (n = 1)

Analyzed
(n = 43)

Analyzed
(n = 22)

)33 = n( deunitnocsiD
  Progressive disease (n = 7)
  Allogeneic transplantation (n = 2)
  Adverse experience (n = 4)
  Clinically significant lab result (n = 1)
  Withdrew consent (n = 10)
  Investigator decision (n = 9)

)0 = n( pu-wollof ot tsoL

)91 = n( deunitnocsiD
  Progressive disease (n = 5)
  Allogeneic transplantation (n = 1)
  Adverse experience (n = 3)
  Clinically significant lab result (n = 2)

)2 = n( tnesnoc werdhtiW  
  Investigator decision (n = 6)

)0 = n( pu-wollof ot tsoL

Did not meet inclusion/exclusion criteria
(n = 10)

Fig 1. Patient disposition.

Table 2. Response to Treatment

Variable

Schedule A
(n � 43)

Schedule B
(n � 22)

No. % No. %

Response
Overall improvement rate 10 23 5 23

Complete response 7 16 0 0
Marrow complete response 0 0 1 5
Partial response 0 0 1 5
Hematologic improvement 3 7 3 14

Transfusion status
RBC baseline dependent/on-study

independent 6 of 17 35 4 of 8 50
PLT baseline dependent/on-study

independent 3 of 4 75 1 of 4 25
RBC/PLT baseline dependent/on-

study independent 7 of 18 39 4 of 10 40
RBC baseline and on-study

independent 24 of 26 92 11 of 14 79
PLT baseline and on-study

independent 34 of 39 87 17 of 18 94
RBC/PLT baseline and on-study

independent 22 of 25 88 9 of 12 75

Abbreviation: PLT, platelet.
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Results from exploratory analyses of DNA methylation suggested
induction of long interspersed nucleotide elements hypomethylation
on day 8 for schedule A but not for schedule B. However, the sample
size was small (n � 17), so no conclusions can be drawn, and no

correlation with clinical outcome was feasible. Levels of promoter
methylation were analyzed in five genes reported to be methylated in
MDS,14,15 but only a decrease in promoter methylation of PGRB was
found. Finally, miR29b levels were generally low in these patients, and
no association could be made with response.

Treatment options for patients with lower-risk MDS are not
optimal. Stem-cell transplantation is usually not recommended as
first-line therapy. Lenalidomide is the only therapy specifically indi-
cated in the United States for patients with transfusion-dependent
anemia due to low- or intermediate-1–risk MDS associated with a
del(5q) abnormality, with or without additional cytogenetic abnor-
malities.6,8 Other treatment options for patients with lower-risk MDS
include supportive care with transfusions and/or growth factor sup-
port.6 Decitabine is effective for treatment of patients with
intermediate- and higher-risk MDS6,10 but has not been investigated
extensively in patients with lower-risk disease. Results from this study
demonstrate that low-dose SC decitabine warrants further evaluation
in these patients.

A considerable proportion of patients with MDS have poor
prognoses not identified by their IPSS classification. In a recent
analysis of 856 patients with low- to intermediate-1–risk MDS,
80% of patients had a poor prognosis if they were untreated.2

Prognostic factors for survival in patients with low- to intermedi-
ate-1–risk MDS have been identified, and a scoring system has
been developed to predict outcomes in these patients.2 Character-
istics predictive of poor survival included platelets less than 50 �
109/L or 50 to 200 � 109/L, hemoglobin less than 10 g/dL, age 60
years or older, � 4% bone marrow blasts, and unfavorable cytoge-
netics.2 In this study, patients with the highest prognostic score
category (ie, 3) had the lowest median OS, as would be predicted by
this model. However, medians were not reached for patients in
categories 1 and 2.

This study is limited by its open-label design and by the small
number of patients enrolled. These factors may limit the interpreta-
tion and extrapolation of the results to the larger population of adult
patients with low- or intermediate-1–risk MDS. Consequently, larger
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Fig 2. (A) Overall survival. Median was not reached. (B) Time to acute myeloid
leukemia (AML) transformation or death. Median was not reached. (C) Median overall
survival by myelodysplastic syndrome prognostic score category (n � 62). Note that
three patients in the modified intent-to-treat population (n � 65) were excluded because
they had missing bone marrow blast results and so could not be categorized. Median
was not reached. KM, Kaplan-Meier. (*) Showing last data point.

Table 3. Drug-Related Adverse Events Occurring in � 5% of Patients
in Either Group

Adverse Event

Schedule A
(n � 43)

Schedule B
(n � 22)

Overall
(N � 65)

No. % No. % No. %

Any grade
Neutropenia 12 28 8 36 20 31
Anemia 10 23 4 18 14 22
Thrombocytopenia 7 16 7 32 14 22
Fatigue 8 19 2 9 10 15
Leukopenia 4 9 6 27 10 15
Injection site pain 5 12 3 14 8 12
Nausea 5 12 1 5 6 9
Peripheral edema 3 7 0 0 3 5

Grade � 3
Anemia 6 14 4 18 10 15
Leukopenia 3 7 3 14 6 9
Neutropenia 12 28 7 32 19 29
Pancytopenia 0 0 1 5 1 2
Thrombocytopenia 5 12 5 23 10 15
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studies are needed to confirm these data and to further understand the
molecular effects of the intervention. Furthermore, we used a subcu-
taneous route that is not currently approved to administer decitabine
but was chosen for patient convenience on the basis of prior experi-
ence. In addition, one of the basic assumptions for Bayesian adaptive
randomization design, specifically the construction of predictive
probability, is the continuity of the trend in data observed up to the
decision point. Small sample size studies for low-probability events
may result in volatile sample event rates over a certain period of time as
the study is ongoing. Such high variance of an estimator, especially for
studies of Bayesian adaptive randomization design in which the crite-
ria defined a priori will be evaluated repeatedly against continuously
accumulated data, may increase the chance of early false rejection of
the null hypothesis and may result in a higher type I error. Further-
more, inherent in the analysis of OIR or any standard event rate
analysis, is that the duration for the event of interest under observation
is not addressed in the analysis. There was no significant difference in
time to best OIR between the two schedules, although there was a high
censoring rate for patients, and the long exposure time resulted in the
median time to best response being not estimable for schedule A.
Finally, for open-label phase II trials such as this, it is possible that
recruitment patterns may change over the course of the trial because
recruiters know that randomization is favoring the investigational
treatment arm.16

In summary, in this study, lower dose schedules of decitabine
administered subcutaneously appeared to be active and have an
acceptable safety profile in patients with lower-risk MDS. Future
studies targeting poor prognosis lower-risk patients with MDS
should be considered.
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