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Background
The treatment of acute myeloid leukemia of older, medically non-fit patients still poses a highly
unmet clinical need, and only few large, prospective studies have been performed in this set-
ting. Given the established activity of hypomethylating agents such as 5-aza-2'-deoxycytidine
(decitabine) in myelodysplastic syndromes and acute myeloid leukemia with 20-30% bone
marrow blasts, we investigated whether this drug is also active in patients with more than 30%
blasts.

Design and Methods
To evaluate the efficacy and toxicity of decitabine in patients over 60 years old with untreated
acute myeloid leukemia ineligible for induction chemotherapy, 227 patients (median age, 72
years), many with comorbidities, adverse cytogenetics and/or preceding myelodysplastic syn-
drome were treated with this hypomethylating agent. During the initial decitabine treatment
(135 mg/m2 total dose infused intravenously over 72 hours every 6 weeks), a median of two
cycles was administered (range, 1-4). All-trans retinoic acid was administered to 100 patients
during course 2. Fifty-two patients who completed four cycles of treatment subsequently
received a median of five maintenance courses (range, 1-19) with a lower dose of decitabine (20
mg/m2) infused over 1 hour on 3 consecutive days every 4-6 weeks.

Results
The complete and partial remission rate was 26%, 95% CI (20%, 32%), and an antileukemic
effect was noted in 26% of patients. Response rates did not differ between patients with or
without adverse cytogenetics; patients with monosomal karyotypes also responded. The medi-
an overall survival from the start of decitabine treatment was 5.5 months (range, 0-57.5+) and
the 1-year survival rate was 28%, 95%CI (22%,34%). Toxicities were predominantly hemato-
logic.

Conclusions
Decitabine is well tolerated by older, medically non-fit patients with acute myeloid leukemia;
myelosuppression is the major toxicity. The response rate and overall survival were not
adversely influenced by poor-risk cytogenetics or myelodysplastic syndrome. Because of these
encouraging results, randomized studies evaluating single-agent decitabine versus conventional
treatment are warranted. The study is registered with the German Clinical Trials Registry,
number DRKS00000069.

Key words: DNA hypomethylation, medically non-fit patients, comorbidities, decitabine,
DAC.
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Introduction

Among patients with acute myeloid leukemia (AML),
older patients have a worse outcome than younger
patients, because of a higher degree of resistance to con-
ventional chemotherapy, a higher frequency of adverse
cytogenetics, an often decreased performance status and
comorbid conditions.1-4 Possibly half or more of newly
diagnosed AML patients above the age of 70 will not be
considered eligible for induction chemotherapy due to
one or more of these factors, but selection criteria
applied by the treating physicians are not yet well under-
stood.5,6 The treatment of older AML patients is, there-
fore, a highly unmet clinical need.7 The DNA hypo -
methylating azanucleoside drug 5-aza-2'-deoxycytidine
(DAC, DACogen®)8 has significant single-agent activity
in myelodysplastic syndromes (MDS)9 and AML,10,11 even
in patients with poor-risk karyotypes.12-14 Higher-risk
MDS and AML of the elderly constitute a biological con-
tinuum. We, therefore, performed a phase II multicenter
trial of low-dose DAC in older AML patients deemed
ineligible for standard chemotherapy because of comor-
bidities, reduced performance status, adverse cytogenet-
ics, and secondary or treatment-related AML. The sched-
ule used (DAC infusions over 72 h, repeated every 6
weeks), was identical to that developed in Europe and
approved by the Food and Drug Administration for MDS
treatment.
The DNA hypomethylating agents 5-azacytidine and

DAC are known to reactivate multiple genes in concert
with gene demethylation. This has been demonstrated in
both in vitro models, using AML cell lines,15,16 and in vivo,
when primary blasts from MDS or AML patients treated
with these drugs were subjected to DNA methylation
and expression analyses.17-19 Therefore, like valproic acid
and other histone deacetylase inhibitors, they may have
the potential to (re)sensitize malignant cells to the
antileukemic activity of low-dose chemotherapy20 or the
differentiating activity of retinoids.21-23 All-trans retinoic
acid (ATRA) is not highly effective in AML except in the
presence of the PML-RARA fusion protein. However, in
vitro studies of the combination of a DNA hypomethylat-
ing agent with ATRA suggest that AML cell lines lacking
PML-RARA may become sensitized to the antileukemic
activity of the retinoid.24,25 We hypothesized that in the
subgroup of AML patients who do not have an objective
response to a single course of DAC, but only an
antileukemic effect or stable disease, the addition of
ATRA during the second course of DAC treatment might
improve their response and, therefore, planned combina-
tion treatment for these patients (see below).
DNA hypomethylating drugs, when given as single

agents, need to be administered over a prolonged period
in order to optimize the response; furthermore, since the
relapse rate of MDS patients is very high once treatment
is stopped, it may be a better strategy to continue thera-
py as long as the disease is controlled rather than admin-
ister a limited number of cycles, and then re-treat the
patient at the time of relapse.26 Therefore, in the present
trial patients had the option of continuing with pro-
longed, maintenance outpatient treatment with DAC, at
a dose that was substantially lower than the dose admin-
istered in the first four courses.

Design and Methods

Eligibility and selection of patients
Patients aged 61 years or older (no upper age limit) with previ-

ously untreated de novo or secondary AML following MDS (by
French-American-British classification, i.e. with >30% bone mar-
row blasts) were eligible, provided they were not scored as eligi-
ble for, or not consenting to, induction chemotherapy (see the
Results section for reasons given for ineligibility for induction).
Inclusion criteria were Eastern Cooperative Oncology Group
(ECOG) performance status 0-2, total bilirubin concentration less
than twice the upper limit of normal and serum creatinine less
than 1.5 mg/dL unless leukemia-related. Patients with white
blood counts (WBC) greater than 20¥109/L were eligible provided
that after a short course of hydroxyurea, followed by a 2-3 day
observation period, the WBC fell below 20¥109/L (the indication
for hydroxyurea cytoreduction was changed to a WBC >50¥109/L
in an amendment in January 2006, to make a larger cohort of
patients eligible for the study). Exclusion criteria were acute
promyelocytic leukemia, treatment with cytokines within the
previous 4 weeks, another malignancy not in remission, NYHA
grade IV heart failure, uncontrolled active infection, a psychiatric
disorder interfering with treatment, or known allergy to imida-
zoles. Presence of translocation (8;21) or inversion 16 was not an
exclusion criterion. The study was approved by the institutional
review board of each treating center, and informed consent was
given according to the Declaration of Helsinki. The trial was ini-
tiated in April 2003. Results were analyzed as of August 31, 2009.

Comorbidity scoring
Comorbidities were scored retrospectively by screening the

patients’ medical history records (Table 1B). The definitions for
comorbidities were used as suggested by Sorror et al.27. For infec-
tions this implied “infections, requiring continuation of antimi-
crobial treatment” (specified in Online Supplementary Table S1).

Treatment regimens
The initially Food and Drug Administration-approved DAC

schedule developed in Europe for MDS treatment, i.e. 15 mg/m2,
three times daily on 3 consecutive days (total dose 135 mg/m2,
repeated every 6 weeks), was administered intravenously over 3 h.
The study drug was kindly provided by SuperGen, Inc. (Dublin,
CA, USA), and MGI Pharma (Minneapolis, MN, USA). In the
case of an antileukemic effect or stable disease (both defined
below) after course 1, administration of the second course of
DAC was to be followed from day 4 by ATRA (45 mg/m2/day per
os) for a total of 28 days. ATRA dosing was not to be repeated
during all subsequent courses. This was based on the rationale
that in patients not having achieved complete or partial remis-
sion, the (subsequent) response might be enhanced by the addi-
tion of ATRA, as has been described for the addition of valproic
acid to DAC,28 and the addition of valproic acid and ATRA to 5-
azacytidine.22 After successful application of a total of four cours-
es, patients in complete or partial remission or who had had an
antileukemic effect at evaluation of course 4 were eligible for
maintenance treatment with DAC at 20 mg/m2 (given intra-
venously for 1 h on 3 consecutive days, repeated every 6-8
weeks). In case of progressive disease at any time during study,
patients were taken off treatment. Following a protocol amend-
ment in January 2006, DAC dosing over 3 days was to be repeat-
ed (only during the initial course of treatment, not at any point
thereafter) after 5 days of rest, i.e. on days 8 – 10 of course 1, in
patients with a WBC greater than 20¥109/L, resulting in a total
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Table 1A. Baseline clinical characteristics of the patients and their dis-
eases.
Characteristic n=227

Gender – n. (%)
male 139 (61.2)
female 88 (38.8)

Age (years)
median (range)** 72 (56-86)
< 65 – n. (%) 19 (8.4)
65 – 69 – n. (%) 48 (21.2)
70 – 74 – n. (%) 73 (32.2)
≥ 75 – n. (%) 87 (38.3)

Performance status (ECOG) – n. (%)
0 43 (19.0)
I 131 (58.0)
II 50 (22.1)
III 2 (0.9)
missing 2

Comorbidity index27 - n. (%)
0 47 (20.9)
1 – 2 94 (41.8)
3 – 4 56 (24.9)
≥ 5 28 (12.4)
missing 2

FAB subtype – n. (%)
M0 11 (6.0)
M1 59 (32.2)
M2 56 (30.6)
M3 0 (0.0)
M4 28 (15.3)
M5 11 (6.0)
M6 14 (7.7)
M7 4 (2.2)
missing 44

Cytogenetics – n. (%)
favorable 3 (1.3)
intermediate 103 (45.4)
adverse 73 (32.2)
less than 10 normal metaphases 13 (5.7)
no metaphases obtained 21 (9.3)
not assessed 14 (6.2)

Monosomal karyotype (MK) / Complex karyotype (CK) / - n. (%)
MK+ / CK+ 37 (30.8)
MK+ / CK- 1 (0.8)
MK- / CK+ 17 (14.2)
MK- / CK- 65 (54.2)
normal cytogenetics 58
unknown 49

Number of monosomies – n. (%)
MK- 82 (68.3)
single MK+ 16 (13.3)
multiple MK+ 22 (18.3)

FLT3 mutational status – n. (%)
wild-type FLT3 113 (89.0)
FLT3 internal tandem duplication (ITD)*** 10 (7.9)
sole FLT3 tyrosine kinase domain (TKD) mutation 4 (3.1)
missing 100

NPM1 mutational status – n. (%)
wild-type NPM1 114 (92.6)
NPM1 mutation 9 (7.3)
missing 104

Prior MDS – n. (%)
no 104 (48.8)
yes, ≤ 8 months 54 (25.4)

yes, >8 months 55 (25.8)
duration of MDS; months, median (range) 8 (1-101)
missing 14

White blood cell counts (/mL)*
median (range) 4.4 (0.5-241)
<5,000 – n. (%) 116 (52.0)
5,000 – 19,999 – n. (%) 50 (22.4)
20,000 – 49,999 – n. (%) 35 (15.7)
≥ 50,000 – n. (%) 22 (9.9)
missing 4

Platelets (/mL)
median (range) 38.5 (3.0-894)
< 50,000 – n. (%) 134 (59.3)
≥ 50,000 – n. (%) 92 (40.7)
missing 1

Serum lactate dehydogenase (U/L) 
median (range) 279 (92-4081)
< 300 – n. (%) 123 (55.2)
≥ 300 – n. (%) 100 (44.8)
missing 4

Hemoglobin (g/dL)
median (range) 9.0 (1.4-13.0)
< 10 – n. (%) 171 (75.7)
≥ 10 – n. (%) 55 (24.3)
missing 1

Bone marrow blasts (%) 
median (range) 56 (10-100)
< 30 – n. (%) 7 (3.1)
30 – 49.9 – n. (%) 90 (40.2)
≥ 50 – n. (%) 127 (56.7)
missing 3

Risk groups according to Wheatley et al.33– n. (%)
good 12 (5.4)
standard 48 (21.5)
poor 163 (73.1)
missing 4

Risk groups according to Malfuson et al.34– n. (%)
good 121 (53.8)
poor 104 (46.2)
missing 2

Table 1A: *According to the study protocol, patients with WBC counts >20,000/mL
could be included but were to receive a short course of hydroxyurea in order to control
hyperleukocytosis before starting DAC treatment. Fifty-six patients (24.6%) thus
received hydroxyurea. **One patient aged 56 years was erroneously included because
she appeared biologically much older. ***One patient had both an ITD and a TKD
mutation.

Table 1B. Quantification of comorbidities at baseline. Prevalence of
the most frequent comorbidities (occuring in >5% of patients) accord-
ing to HCT-CI27 in 225 evaluable patients at treatment initiation.
Comorbidity                                                             n (%)

Infection *                                                                          51 (22.7)
Cardiac                                                                                51 (22.7)
Diabetes mellitus                                                             47 (20.9)
Mild hepatic                                                                       46 (10.4)
Prior solid tumor                                                              33 (14.7)
Arrhythmia                                                                          26 (11.6)
Moderate pulmonary disease**                                   25 (11.1)
Psychiatric disturbance                                                    19 (8.4)
Cerebrovascular disease                                                 14 (6.2)

*specified in Online Supplementary Table S1; **Since pulmonary function was not rou-
tinely quantified by pulmonary function tests, pulmonary diseases were only considered
when their extent was explicitly mentioned in the medical history.



dose of 270 mg/m2 during course 1. In the case of excess toxicity
and/or severe hypoplasia/cytopenia beyond 6 weeks after
administration of DAC, the dose in subsequent courses was
reduced to 50% of the previous dose level.

Response
Bone marrow aspiration was performed after cycles 1, 2 and 4.

A complete remission was defined as a non-blastic marrow aspi-
rate (blast cells <5%), platelet count greater than 100¥109/L, WBC
greater than 1.5¥109/L, and no extramedullary leukemia. A partial
remission was defined as a cellular marrow aspirate with 5% to
25% blasts, with a platelet count greater than 100¥109/L, WBC
greater than 1.5¥109/L, and no clinical or imaging evidence of
leukemia; or a cellular marrow aspirate with less than 5% blasts,
platelets less than 100¥109/L and WBC less than 1.5¥109/L. An
antileukemic effect was defined as a greater than 25% reduction
of bone marrow blasts relative to the initial blast percentage but
not enough to fulfill the criteria for a partial remission.
Progressive disease was defined as a greater than 25% relative
increase in blasts in the peripheral blood or bone marrow com-
pared to before start of treatment. Stable disease was defined by
the absence of a complete or partial response, or antileukemic
effect, and no progressive disease. Death from any cause occur-
ring within 6 weeks after initiation of DAC treatment was
defined as early death.

Central hematopathology and cytogenetic review,
molecular diagnostics

A central morphological review of peripheral blood and bone
marrow smears before and during treatment was performed by
Dr. Pierre W. Wijermans, and implemented in a central response
review of all responses as reported by the local cytologists.
Karyotypes were centrally reviewed by Prof. Anne Hagemeijer
according to ISCN criteria and to the presence or absence of com-

plex karyotype29 and monosomal karyotype.30 If less than ten
metaphases with a normal karyotype were analyzed, then the
cytogenetic analysis was classified as a failure. Patients' bone
marrow DNA was genotyped for mutational status of FLT3 and
NPM1, as described elsewhere.31

Statistics
The primary endpoint of the study was best response, defined

as complete remission, partial remission or antileukemic effect.
Secondary endpoints were an objective response (complete
remission, partial remission), overall survival, defined as time
from start of treatment to death, and safety, assessed as toxicity
of laboratory parameters over courses 1 to 4, and adverse events
over the entire study duration. Treatment with DAC was to be
considered to be effective if the best response rate was 20% or
higher and to be ineffective if the best response rate was 5% or
lower, which is expected in patients receiving only best support-
ive care.5 The error probability of regarding DAC as effective
when it is ineffective was set at 15%. The error probability of
regarding DAC as ineffective when it is effective was set at 10%.
The required sample size was calculated according to the optimal
two-stage design by Simon.32 In the first stage, 12 patients were
to be treated in the study; if at least one patient had a response,
the recruitment was to be continued until 29 patients had been
included, otherwise recruitment was to be stopped. If three or
more of these 29 patients had a response, the treatment was to
be considered effective and would be studied further. Since this
criterion was achieved after treating 29 patients, the study was
extended to a multicenter trial in the meantime and was then
opened to recruit patients for an additional 2.5 years, to increase
the precision in the assessment of response rate, overall survival
rate, safety, and to be able to investigate the impact of prognostic
factors.

All AML patients receiving at least one dose of the study drug

M. Lübbert et al.

396 haematologica | 2012; 97(3)

Table 2. Effect of patient and disease characteristics on best response to treatment (complete and partial remissions), and on overall survival,
multivariate analyses (prognostic factors with P<0.1 in univariate analysis were included).

Effect on CR/PR Effect on overall survival
Characteristic Odds Ratio 95%- Confidence Interval P value Hazard Ratio 95%- Confidence Interval P value
All patients

Age (years) 0.17 0.016
< 75 1.00 - 1.00 -
≥ 75 1.62 [0.82,3.21] 1.44 [1.07,1.94]

Performance status (ECOG) 0.0047 0.0005
0 1.00 - 1.00 -
1 2.99 [1.41,6.34] 1.54 [1.04,2.27]
2/3 4.09 [1.57,10.7] 2.55 [1.58,4.10]

Comorbidity index 0.038 0.075
0 1.00 - 1.00 -
1-2 2.90 [1.28,6.56] 1.59 [1.07,2.36]
≥ 3 1.79 [0.82,3.95] 1.33 [0.90,1.98]

White blood cells (/mL) 0.12
< 5,000 1.00 -
5,000-19,999 1.20 [0.83,1.73]
20,000-49.999 1.68 [1.10,2.57]
≥ 50,000 1.13 [0.65,1.96]

Platelets (/mL) 0.010
< 50,000 1.00 -
≥ 50,000 0.68 [0.50,0.91]

Serum lactate dehydrogenase (U/L) 0.038
< 300 1.00 -
≥ 300 1.41 [1.02,1.95]



were included in the analysis. The rate of patients with best
response (complete remission, partial remission, or antileukemic
effect) and the rate of patients with an objective response (com-
plete remission or partial remission) was calculated with 95%
confidence intervals (95%CI). The overall survival rate was esti-
mated by the Kaplan-Meier method (patients alive at last follow-
up were censored). Logistic regression was used for analyses of
best response and objective response, and the odds ratios with
95%CI were estimated. For analyses with respect to overall sur-
vival, Cox regression was used, and the hazard ratios with
95%CI were estimated. Two-sided P-values were calculated
from Wald tests. Patients receiving ATRA during course 2 were
compared with patients not receiving ATRA during course 2 with
respect to the overall survival time, defined as time from start of

course 2 until death. Further details are given in the Online
Supplementary Appendix.

Results

Patients’ characteristics and treatment feasibility
Between April 2, 2003 and October 1, 2007, 227 evalu-

able patients were recruited and treated at nine study cen-
ters. Eight additional patients enrolled on the study had to
be excluded from the analysis because they were not
evaluable: in seven patients treatment with DAC was not
started; in one additional patient the diagnosis was
revised to non-Hodgkin's lymphoma during application
of the first course of DAC, and the patient proceeded to
CHOP treatment. Patients had a median age of 72 years
(the oldest patient was 86 years old), and many presented
with poor-risk features (Table 1, Online Supplementary
Table S1): frequent comorbidities [median 2, 25% with 3-
4 and 12% with >4 comorbidity points according to the
Hematopoietic Cell Transplant Comorbidity Index (HCT-
CI)], secondary AML evolving from MDS (51%), adverse
cytogenetics (32%), ECOG performance status of 1 or
more (81%), WBC greater than 20¥109/L (26%), and a
very low rate of NPM1 mutations (7.3%). Notably, the
rate of flt-3 mutations was less than 10%. The main rea-
sons for ineligibility for standard induction chemotherapy
reported by the treating physicians were poor perform-
ance status, comorbidities and refusal by the patient
(Online Supplementary Table S2). Overall, 227 patients
received a total of 577 courses of DAC at the dose level of
135 mg/m2 per course (median 2, range 1 - 4). As regards
the feasibility of the 6-week treatment interval, when
determining the time interval between the first day of
DAC and the first day of the next course for all 350 fully
applied treatment courses 1, 2 and 3, 195 (56%) were ini-
tiated within day 43 of the preceding course, whereas the
remaining 155 courses had to be delayed for different rea-
sons. Thus 91 courses (26%) were initiated between day
44 and day 53, 38 (11%) between day 54 and day 63, and
26 (7%) between day 64 and day 100.

Responses 
Objective responses were attained in 59 patients [26%,

95%CI (20%, 32%)]: complete remission, n=30, partial
remission, n=29. Another 60 patients (26.4%) attained an
antileukemic effect as best response, leading to a best
response rate of 52%, 95%CI (46%, 59%). Fifty-seven
patients (25.1%) had stable disease and 19 (8.4%) had
progressive disease. The 6-week death rate was 12.8%
(29 patients), three patients (1.3%) were not evaluable for
response because they were lost to follow-up. The medi-
an number of courses until best response was two for
complete or partial remission and one for attainment of
an antileukemic effect.
Although the primary endpoint of our study was best

response, we present results primarily with regard to
objective response, because of the broader acceptance of
this endpoint. In univariate analyses, age, performance
status, and the number of comorbidities (coded by HCT-
CI) were significantly associated with an objective
response, whereas preceding MDS and cytogenetics were
not (Online Supplementary Table S3). Objective response
rates were 29% and 27% for patients with adverse and
non-adverse cytogenetics,4 respectively. In multivariate
analysis, only performance status and comorbidities
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Table 3A. Toxicity: grade III-IV adverse events (MedDRA high level term) occur-
ring with an incidence of at least 2%.

Total Comorbidity index
0 1-2 ≥3

MedDRA High Level Term n=227 n=47 n=94 n=84
n (%) n (%) n (%) n (%)

Lower respiratory tract and lung 20 (8.8) 1 (2.1) 8 (8.5) 11 (13.1)
infections
Neutropenias 16 (7.0) 3 (6.4) 5 (5.3) 8 (9.5)
Diarrhea (excluding infectious) 10 (4.4) 3 (6.4) 4 (4.3) 3 (3.6)
Sepsis, bacteremia, viremia and NEC 11 (4.8) 3 (6.4) 3 (3.2) 5 (6.0)
fungemia
Febrile disorders 9 (4.0) 1 (2.1) 2 (2.1) 6 (7.1)
Infections NEC 8 (3.5) 2 (4.3) 2 (2.1) 4 (4.8)
General signs and symptoms NEC 6 (2.6) 1 (2.1) 2 (2.1) 3 (3.6)
Aspergillus infections (probable 5 (2.2) 1 (2.1) 1 (1.1) 3 (3.6)
or proven)
Renal failure and impairment 5 (2.2) 0 (0.0) 3 (3.2) 2 (2.4)

Table 3B. Maximum toxicity of laboratory parameters over courses 1 to 4.
Parameter Patients with at least one grade III-IV 

toxicity over courses 1 to 4*
n (%)

Neutropenia 108 (51.4)
Thrombocytopenia 113 (51.1)
Leukopenia 111 (50.2)
Lymphocytopenia 104 (50.0)
Anemia 99 (45.2)
Elevated bilirubin 28 (13.6)
Hyperglycemia 13 (6.7)
Hypercalcemia 13 (6.3)
Elevated creatinine 12 (5.6)
Hypocalcemia 9 (4.4)
Decrease in fibrinogen 4 (3.7)
Partial prothrombin time prolongation 7 (3.4)
Hypoglycemia 5 (2.6)
Elevated aspartate aminotransferase 3 (1.5)
Elevated alkaline phosphatase 2 (1.0)
Decreased prothrombin time 2 (1.0)
Elevated alanine transferase 1 (0.5)

*Percentage calculated as number of patients with at least one grade III-IV toxicity over courses
1 to 4 from patients with at least one toxicity assessment of the specific parameter given.



retained their prognostic effect on objective response
(Table 2): patients with one or more comorbidity points
received a median of two treatment courses, compared to
four administered to patients without comorbidities. The
Wheatley score showed a good separation of the patients
with respect to objective response, whereas the Malfuson
score had no prognostic effect (Online Supplementary Table
S3). Similar overall results were obtained in uni- and mul-
tivariate analyses of the effects of patients’ characteristics
on the rate of best response (not shown). Online
Supplementary Table S4 presents the clinical features and
outcome of the 30 patients attaining a complete remis-
sion. 

Survival
The median survival time of all 227 patients was 5.5

months, with a 1-year overall survival rate of 28%,
95%CI (22%, 34%) and a 2-year overall survival rate of
13%, 95%CI (8%, 17%) (Online Supplementary Figure S1).
In univariate analyses (Online Supplementary Table S5),
patients aged 75 years or older had a shorter overall sur-
vival, with a 1-year overall survival rate of 17%, hazard
ratio (HR) 1.52, 95%CI (1.15, 2.02), than those under 75
years who had a 1-year overall survival rate of 34%
(P=0.0038; Online Supplementary Figure S2). Overall sur-
vival decreased significantly with reduced performance
status (P<0.0001; Online Supplementary Figure S3).
Interestingly, while patients without comorbidity (as
assessed by HCT-CI) had a higher 1-year overall survival
rate (45%) than patients with comorbidities, the out-
comes of those with a comorbidity index of 1-2 [1-year
overall survival rate of 24%, HR 1.57, 95%CI (1.07, 2.30)]
and those with a comorbidity index of ≥3 [1-year overall
survival rate of 23%, HR 1.52, 95% CI (1.04, 2.24)] were
similar (Online Supplementary Figure S4). The 1-year over-
all survival rate of patients with adverse cytogenetics was
21%, while that of patients with non-adverse cytogenet-
ics was 30% [HR 1.33, 95% CI (0.98,1.82), Online
Supplementary Figure S5]. The following parameters were
associated with a worse outcome: increased WBC
(P=0.0041, Online Supplementary Figure S6), platelet count
less than 50¥109/L (P=0.068, Online Supplementary Figure
S7) and serum lactate dehydrogenase of 300 U/L or higher
(P=0.008, Online Supplementary Figure S8). The Wheatley
score (Online Supplementary Figure S9) separated the three
risk groups more effectively than did the Malfuson score
(Online Supplementary Figure S10). In multivariate analysis
(Table 2), patient’s age, performance status, platelet
count, and lactate hydrogenase level were independent
predictors for overall survival (P<0.05).

Duration of myelodysplastic syndrome prior
to decitabine treatment 
One hundred and nine patients (51%) had prior MDS

of known duration, with a median duration of 8 months
(25% quartile 3, 75% quartile 25; range, 1-101). A com-
parison of the objective response rates according to MDS
duration revealed a trend to an increase in objective
response rates with longer duration of MDS [<3 months:
4/25 (16%), 3-8 months: 5/29 (17%), 8-25 months: 7/27
months (26%), ≥25 months: 10/28 (36%) (test for trend
P=0.066, as continuous covariate P=0.087)]. The results
were similar when this analysis was adjusted for other
prognostic factors showing an effect on objective
response in this population of secondary AML patients

(comorbidity index, lactate dehydrogenase) (test for trend
P=0.085, as continuous covariate P=0.10).
There was also a trend to a better overall survival in

patients with previous MDS of longer duration (<3
months: 1-year overall survival rate 23%, 3-8 months:
28%, 8-25 months: 26%, ≥25 months: 46%, test for trend
P=0.16, Online Supplementary Figure S11, as continuous
covariate P=0.17). When this analysis was adjusted for
other prognostic factors showing an effect on overall sur-
vival in this population of secondary AML patients (per-
formance status, comorbidity index, and WBC), the
results were similar (test for trend P=0.11, as continuous
covariate P=0.036).

Outcome in patients with monosomal and/or complex
karyotype 
Of 178 patients with successful assessment of monoso-

mal and/or complex karyotype, 58 showed a normal
karyotype, 120 had clonal abnormalities. Fifty-four of
these had a complex karyotype (i.e. 3 or more aberra-
tions) and 66 had non-complex changes. Among the cyto-
genetically abnormal cases, 38 fulfilled the criteria for
monosomal karyotype (MK+) described by Breems et al.30
All MK+ cases but one belonged to the complex karyotype
group, with monosomies 7, 17 and 5 being most frequent.
Twenty-two MK+ patients had two or more autosomal
monosomies, 16 had one autosomal monosomy and at
least one structural aberration (Table 1A).
In AML patients receiving standard chemotherapy,

patients with MK+ had the worst outcome, particularly
when more than one monosomy was present.30,35 In the
present trial, MK+ patients did not do worse than MK–

cases with abnormal cytogenetics. Indeed, the MK+

patients had a higher rate of objective responses (37%
complete/partial remissions) than the MK– patients with
abnormal cytogenetics, whether with a complex kary-
otype (12%) or without (20%) (Online Supplementary
Table S3). Of note, the objective response rate was higher
in patients with multiple monosomies compared to those
with a single monosomy (45% versus 25%).
The overall survival of MK+ patients was comparable to

that of both groups of MK– patients (Online Supplementary
Figure S13). Considering the overall survival of MK+

patients divided according to whether they had one versus
two or more monosomies, the latter group appeared to
derive more benefit (1-year overall survival rate 13% ver-
sus 27%, respectively; Online Supplementary Figure S14),
however the numbers of patients are quite limited.

Feasibility of the combined treatment with decitabine
and all-trans retinoic acid
After administration of the first DAC course to 227

patients, 59 (26%) did not receive the second treatment
course: 29 patients had early death, 15 had progressive
disease, 12 did not proceed to further treatment within
the study despite having attained at least stable disease
(stable disease, 7; antileukemic effect, 4; partial remission,
1). Three additional patients were lost to follow-up.
Of the 168 patients who received a second treatment

course during the study, 68 received DAC alone. Of these,
34% had a complete remission (n=6) or partial remission
(n=17), 19 patients (28%) had an antileukemic effect, 24
had stable disease (35%), and two had progressive dis-
ease (3%) after the first course. The other 100 patients
received DAC followed by ATRA, based on the rationale
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described in the Design and Methods section. Thirty-eight
patients had an antileukemic effect, 54 had stable disease
and two had progressive disease. Six additional patients
in partial remission (according to the central response
review) also received ATRA because response evaluation
by the local cytologist was an antileukemic effect (n=4) or
stable disease (n=2). Survival from start of course 2 was
similar in both groups, also after adjusting for age, per-
formance status and platelet count [HR 1.07, 95%CI
(0.76,1.51), P=0.49].
To further dissect the effect of the ATRA add-on, we

decided to compare survival from the start of course 2
only in patients with an antileukemic effect or stable dis-
ease who either did (n=92, 38 antileukemic effect, 54 sta-
ble disease) or did not receive ATRA (n=43, 19
antileukemic effect, 24 stable disease). The survival of
patients receiving DAC+ATRA [HR 0.84, 95%CI
(0.56,1.26), P=0.39] was comparable to that of patients
receiving DAC alone (Online Supplementary Figure S12).

Outpatient maintenance treatment of patients with
acute myeloid leukemia using a 3-day schedule 
of low-dose decitabine
Eighty-one of 227 patients completed all four courses of

DAC treatment. Of these, 43 patients had obtained a
complete remission (n=20), partial remission (n=10) or
antileukemic effect (n=13), and were, therefore, eligible
for continuation with DAC (20 mg/m2) administered
intravenously over 1 h on 3 consecutive days, and contin-
ued with this maintenance treatment. Two additional
patients with stable disease, five patients whose remis-
sion status was not fully evaluable, and two who had lost
their initial response but were judged to benefit from con-
tinuation of DAC also received this treatment. The other
29 patients did not receive continued treatment, 17 per
protocol (after course 4 evaluated as having progressive
disease, n=16, or stable disease, n=1) and 12 – despite the
patients having been evaluated as having had an
antileukemic effect (n=8), partial remission (n=2) or com-
plete remission (n=2) after course 4 – because of death
(n=5), intercurrent medical conditions or loss to follow-
up. Overall, 306 courses of DAC were given (median 5;
range, 1-19). Further improvement of the response status
of the patients on maintenance treatment was not sys-
tematically scored, and relapse after complete remission
was not systematically recorded.

Safety 
Seventy-six patients (33.5%) experienced at least one

grade III-IV adverse event (coded by MedDRA high-level
terms), listed in Table 3A (incidence ≥2%). Most adverse
events were related to aggravation of pre-existing cytope-
nias and infectious complications, whereas gastrointesti-
nal (diarrhea) or renal events were much less frequent.
Hematologic toxicities, captured by laboratory parame-
ters, were the most frequent side effects (Table 3B; during
maintenance treatment, no systematic laboratory toxici-
ties were captured between the DAC administrations).
Only one patient (1.9%) discontinued maintenance treat-
ment because of hematologic toxicity. Interestingly, when
looking at the comorbidities in patients experiencing
adverse events, lower respiratory tract and lung infections
occurred much more frequently in patients with comor-
bidities, but this was not seen to the same degree for
other events (Table 3A). This may indicate that the pres-

ence of comorbidities does not prohibit this treatment. 

Discussion

Older patients with AML able to tolerate standard
chemotherapy have a median survival of 6-8 months,1,36
with a 5-year survival rate of 5-15%, while medically non-
fit older AML patients receiving low-dose cytarabine or
hydroxyurea have a median survival of approximately 4
and 3 months, respectively,7 with 2-year survival rates of
about 8% and 0%, respectively. Novel approaches, such
as clofarabine, lenalidomide, hypomethylating agents and
low-dose cytarabine combined with valproic acid are,
therefore, being actively studied as alternatives.37-40 We
conducted a phase II trial of low-dose DAC in this popu-
lation. Despite accumulated poor-risk patient features, the
objective response rate was 26%, and an additional 26%
of patients achieved an antileukemic effect. The toxicity
profile of DAC was similar to that seen in MDS, i.e. pri-
marily hematologic. Interestingly, similar response rates
were obtained in patients with adverse and non-adverse
cytogenetics, and in patients with AML preceded by MDS
and de novo AML. Indeed, patients with MDS lasting 8 or
more months had a somewhat better outcome than those
with MDS of less than 8 months’ duration or de novoAML.
Whether this is due to slower kinetics of the disease
and/or features germane to secondary AML such as the
hypermethylator phenotype (not found to such a degree
in de novo AML) is unclear. Notably, improved survival fol-
lowing DAC treatment has previously been described in
MDS patients with longer disease duration,13 and could be
confirmed in the phase III trial comparing DAC treatment
to best supportive care in higher risk MDS.41
The clinical needs of older AML patients with complex

karyotype are still largely unmet because, even with stan-
dard chemotherapy, the risk of relapse is exceedingly
high.42-44 We had previously noted an encouraging
response rate and relative improvement of survival in
MDS patients with complex karyotype treated with
decitabine.12 Extending our observation to patients with or
without monosomy of chromosome 7, we then found a
tendency to better outcome when this monosomy was
present, either as a single chromosomal abnormality or
when part of a complex karyotype.45 Since then the strik-
ing, negative predictive impact of a monosomal karyotype
(irrespectively of the chromosome involved) on the out-
come of AML patients treated with standard chemothera-
py has been uncovered30 and confirmed.35 In an extension
of our previous observation of an encouraging outcome in
patients with monosomy 7 (alone or in combination with
other aberrations) treated with decitabine, we now looked
at the outcome of patients with the MK+ genotype (which
is defined irrespectively of the monosomal autosome).
Indeed, MK+ patients did not have a worse outcome than
the MK– patients, and patients with multiple monosomies
tended to have a higher remission rate and longer overall
survival than those with a single monosomy. This prelim-
inary observation needs confirmation, but might suggest a
positive effect of decitabine, possibly by reactivating
haplo-insufficient tumor suppressor genes mapping on
monosomal autosomes.
Prolonged treatment with DAC is superior to adminis-

tration of a fixed number of treatment courses and subse-
quent termination of treatment, since the relapse rate is
exceedingly high.26 We, therefore, implemented the option
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of low-dose DAC maintenance treatment in the study.
The schedule chosen was based on the efficacy of the 3-
day DAC dosing, and the positive experience with the 20
mg/m2 daily dose.46 Two-thirds of the patients completing
the four cycles of DAC received this type of maintenance
which was easily applicable, and associated with negligi-
ble non-hematologic toxicity. This schedule may also be
beneficial to patients in need of maintenance after other
types of AML treatment, and was implemented in the
AML trial E2906 of the ECOG (NCT01041703).
DAC has shown activity in AML not only at the dose

and schedule applied in the present trial, but also at an
alternative schedule of 1-hour infusions given on 5 consec-
utive days, repeated every 28 days.11 This phase II study
(from which patients with a WBC >50¥109/L were exclud-
ed), performed at three centers, also resulted in an encour-
aging response rate, and a median survival of 7.7 months.
In a phase I study of DAC (given over 10 days) alone or in
combination with valproic acid in AML patients (median
age, 70 years), the rate of complete remissions + complete
remissions with incomplete blood count recovery was
38%, even though more than half of the patients had
relapsed disease.10 A randomized phase III trial
(NCT00260832) comparing low-dose DAC with standard
care of older AML patients has completed recruitment,
and showed improvement in overall survival with DAC
treatment from 5 to 7.7 months (Thomas et al. ASCO
2011).
While ATRA is a very potent differentiation inducer in

acute promyelocytic leukemia, the conundrum of its appar-
ent inactivity in other AML subtypes has driven efforts to
delineate other subgroups of AML which may be respon-
sive to this compound (in one study shown for patients
with NPM1 mutations and wild-type FLT347). Based on the

preclinical results that treatment of AML blasts with DNA
hypomethylating agents can render cells sensitive to ATRA,
the present study allowed that patients with a modest
response to one course of DAC were eligible for subsequent
ATRA during the second course. The toxicity profile of this
combination treatment was not different from that of DAC
alone (data not shown), and differentiation syndrome imped-
ing this approach was not observed. A survival analysis of
patients who did or did not receive ATRA during course 2
did not reveal a superior outcome for patients who received
ATRA. To investigate this issue more rigorously and with
ATRA given during all treatment courses, we have
embarked on a randomized prospective phase II AML trial
(DECIDER/AMLSG14-09, NCT00867672) addressing the
potential benefit of ATRA and/or valproic acid as add-on
drugs to DAC (20 mg/m2 given on 5 consecutive days,
repeated every 28 days).
In conclusion, in this study we have demonstrated that

DAC administered intravenously over 72 h, followed by
subsequent prolonged outpatient maintenance, is well tol-
erated even by older and medically non-fit AML patients,
with myelosuppression being the only major toxicity.
Interestingly, response rate and overall survival were not
influenced by adverse cytogenetics and/or preceding MDS.
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