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Abstract Hypomethylating agents, such as 5-azacitidine
(5-AZA) and 5-aza-2’-deoxycytidine (decitabine), have
recently been approved for the treatment of myelodysplastic
syndromes (MDS). Several randomized trials have shown
favorable results concerning response rate, survival, trans-
formation to acute leukemia, and quality of life. In these
trials, treatment was administered continuously until pro-
gression. In the retrospective study presented here, we
evaluated the outcome of patients with higher risk MDS or
secondary acute myeloid leukemia (sAML) treated with a
limited number of 5-AZA cycles. A total of 32 patients
received 5-AZA alone (n=30) or in combination with valproic
acid and all-trans retinoic acid (n=2). 5-AZA was adminis-
tered subcutaneously at a fixed dose of 75 mg/m2 daily for
7 days and repeated every 28 days. 5-AZA was given for a
median of four courses. Treatment was continued for two
more cycles as consolidation in patients who had achieved
complete remission (CR), marrow CR, or stable disease with
hematologic improvement. The overall response rate was
50% according to the modified International Working Group
criteria. Complete remissions were achieved in 15.6% and
stable disease in 34.4% of patients. Peripheral blood counts
normalized in 6.3% of patients while hematologic improve-

ment was achieved in 25%. The median time to AML in
responding patients was 45 weeks, while AML occurred after
a median of 14 weeks in non-responding patients (P=.038).
The median survival of all patients was 60 weeks; the median
survival of responders was 74 weeks compared with 26
weeks in non-responders (P=.047). In this retrospective
analysis, 5-AZA was associated with a survival advantage
in responding patients with higher risk MDS or sAML. These
favorable results suggest that patients may benefit even from
a limited number of courses of 5-AZA. A randomized
controlled clinical trial is required to prospectively validate
these findings.
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Introduction

The myelodysplastic syndromes (MDS) encompass a
heterogeneous group of clonal hematopoietic stem cell
disorders associated with bone marrow failure, peripheral
cytopenias, and a variable risk of progression into acute
myeloid leukemia (AML). Patients suffer most commonly
from anemia, followed by infectious complications due to
neutropenia or bleeding because of thrombocytopenia. For
many years, the main treatment option for MDS was best
supportive care, which aims to alleviate the negative effects
of cytopenia and to increase quality of life. Allogeneic
hematopoietic stem cell transplantation is a curative
treatment option but only available to a highly selected
group of patients.

Recently, treatment modalities for MDS were expanded
by the approval of the DNA methyltransferase inhibitors 5-
azacitidine (5-AZA) and 5-aza-2′-deoxyctidine (decitabine),
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which reverse abnormal DNA methylation [1]. Aberrant
DNA methylation leads to gene silencing and loss of gene
expression [2]. Silencing of tumor suppressor genes by
hypermethylation has been shown to occur more frequently
in cancer cells than normal cells [3, 4] and is thought to be
an important mechanism in the development of MDS [5, 6].
Methyltransferase inhibitors are assumed to provide a
selective tumor-specific mechanism for the restoration of
normal gene function [7].

Several randomized trials with either 5-AZA or decita-
bine in patients with MDS have shown an overall response
rate between 40% and 60%, an improved quality of life, a
reduced risk of transformation to AML, and a trend toward
longer overall survival compared to best supportive care
[8–14]. In these trials, treatment was continued indefinitely
until disease progression occurred. Here, we report the
results of a single center, retrospective data analysis of
patients with higher risk MDS or secondary AML (sAML)
treated with a limited number of 5-AZA cycles (or, in two
cases, with 5-AZA, valproic acid and all-trans retinoic
acid).

Materials and methods

Patients and therapy

Between August 2004 and December 2007, a total of 37
patients were treated with 5-AZA at our center. Clinical and
hematologic data were obtained on 24 patients with MDS
and eight patients with sAML. All patients had received no
prior therapy for MDS or sAML except for best supportive
care. MDS categories were determined according to the
WHO classification. Patients with higher risk MDS (i.e.,
refractory anemia with excess blasts [RAEB] I and RAEB
II as well as patients with poor risk cytogenetics according
to WHO, with International Prognostic Scoring System
[IPSS] Int-2 or higher) who were considered ineligible for
more intensive chemotherapy were generally considered
candidates for 5-AZA therapy.

Patients with lower risk MDS (i.e., refractory anemia
[RA], refractory anemia with ringed sideroblasts [RARS],
or refractory cytopenia with multilineage dysplasia
[RCMD] with IPSS low or Int-1) were only treated if they
had symptomatic anemia requiring regular red blood cell
(RBC) transfusions or deterioration of preexisting throm-
bocytopenia or neutropenia to severe thrombocytopenia or
neutropenia. Cytogenetics were available for 31 patients.
Patients received 5-AZA subcutaneously at a fixed dose of
75 mg/m2 daily for 7 days. Valproic acid was given orally
at 50 mg/kg daily for 7 days [15]. All-trans retinoic acid
was given at 45 mg/m2 orally daily for 5 days, starting on
day 3 [15]. Dexamethasone and granisetron were given as

antiemetics 30 min before the administration of 5-AZA.
Courses of therapy were repeated every 28 days.

A minimum of four courses was planned before response
evaluation. Treatment was continued for two more cycles if
a response was seen after four cycles (with the exception of
one patient who received 13 cycles). No dose escalation
was performed.

Toxicity

Hematologic toxicity was graded using relative changes in
peripheral blood counts compared with those at treatment
start (baseline): a decrease of 50% to 74% was defined as
grade 3 and 75% and greater was defined as grade 4 [8]

Response criteria

Responses were evaluated according to the modified IWG
response criteria [16]. The category “stable disease” was
only used in patients with RAEB I, RAEB II, or sAML,
while patients with low-risk MDS who did not show any
hematologic improvement were classified in the category
“no response”. Treatment was considered to have failed in
non-responders if they advanced to a higher WHO subtype
or to sAML or died during treatment before bone marrow
evaluation and without any hematologic improvement.
Hematologic improvement was assessed according to the
modified IWG response criteria [16].

Statistical analysis

Statistical analyses were done using SPSS Software
(Version 15, SPSS Inc., Chicago, IL, USA). Survival rates
were estimated by Kaplan–Meier method and median
survival times were reported with 95% confidence intervals
(CI). Log rank test was used for statistical comparisons of
survival times between patient groups. To compare quan-
titative data between two independent samples, Mann–
Whitney U test was conducted. All statistical comparisons
were performed two-sided. P values less than 0.05 were
considered statistically significant.

Results

Patient characteristics

Between August 2004 and December 2007, a total of 37
patients were treated with 5-AZA. The clinical and
hematologic data of 32 patients were available for evalu-
ation. Data on five patients were incomplete since these
patients were lost to follow-up. Therefore, they could not be
included in the analysis. Patient characteristics are shown in
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Table 1. Twenty-four (75%) patients presented with MDS
and eight (25%) patients with secondary AML. IPSS risk
and WHO classification-based Prognostic Scoring System
(WPSS) risk were not categorized in ten patients (31.3%)
because eight of them had sAML, one of them had a dry
marrow tap, and another one had inadequate bone marrow
material to confirm the percentage of marrow blasts. The
majority of patients treated constituted higher risk MDS as
assessed by IPSS, WPSS, or WHO classification (Table 1).
Sixteen (50%) patients were transfusion dependent prior to
therapy. The median age was 73.1 years and the male-to-
female ratio was 2:1.

Treatment

A total of 127 treatment courses were administered. The
median number of courses was 4 (range 1–13 courses).
Overall, 12 out of 32 patients (37.5%) received less than
four cycles of 5-AZA. Therapy was discontinued in ten of
these 12 patients due to progression to overt leukemia or
death. These patients were classified as treatment failures.
The remaining two patients discontinued therapy before
four cycles were completed due to side effects (patient
choice). Of these two patients, one achieved stable disease
and one had a marrow CR after two cycles. One patient
received a total of 13 treatment courses. Thirty patients
received 5-AZA and two patients were treated with 5-
AZA, valproic acid, and all-trans retinoic acid according
to a recently published protocol [15]. Dose reduction to
75% was necessary in four patients due to prolonged
thrombocytopenia.

Clinical activity

Responses are summarized in Table 2. An overall response
rate of 50% was observed. This included two (6.3%)
complete remissions (CR), three (9.4%) marrow CRs, and
11 (34.4%) stable diseases (SD). Treatment failure was seen
in 13 (40.6%) patients. Three (9.4%) patients with lower
risk MDS (RA, RARS, and RCMD) did not have any
hematologic improvement and were classified as non-
responders. Hematologic improvements were achieved
in ten (31.3%) patients. These included two (6.3%) CRs,
six (18.8%) erythroid, platelet, or neutrophil responses,
and two (6.3%) relevant reductions in RBC transfusion
requirement. When analyzing the response rate with respect
to the IPSS (17), we obtained an overall response rate of
50% in the intermediate-1 risk group (n=6), 57.1% in the
intermediate-2 risk group (n=7), and 62.5% in the high-risk
group (n=8). The only patient in the low-risk group did not
respond.

The recently established WPSS is a dynamic prognostic
model based on WHO subgroups, karyotype and transfu-

Table 1 Patient characteristics

Characteristics Total (%)

No. patients 32
Age, year
Median 73.1
Range 60–84
Sex, no. (%)
Female 10 (31.3)
Male 22 (68.7)
MDS subtype, no. (%)
RA 1 (3.1)
RARS 1 (3.1)
RCMD 5 (15.6)
RAEB-1 2 (6.3)
RAEB-2 14 (43.8)
Not assessable 1 (3.1)
sAML, no. (%) 8 (25)
Karyotype, no. (%)
Good 15 (46.9)
Intermediate 3 (9.4)
Poor 13 (40.6)
Not categorized 1 (3.1)
IPSS, no. (%)
Low 1 (3.1)
Intermediate-1 6 (18.8)
Intermediate-2 7 (21.9)
High 8 (25)
Not categorized 10 (31.3)
WPSS, no (%)
Very low 0 (0)
Low 3 (9.4)
Intermediate 5 (15.6)
High 8 (25)
Very high 6 (18.8)
Not categorized 10 (31.3)
Initial neutrophil count
Median (g/l] 3.39
<1.8 g/l, no. (%) 21 (65.6)
>1.8 g/l, no. (%) 11 (34.4)
Initial RBC
Median (g/dl) 9.20
<10 g/dl, no. (%) 24 (75)
>10 g/dl, no. (%) 8 (25)
Initial platelet count
Median [G/l] 82.41
<100 g/l, no. (%) 26 (81.3)
>100 g/l, no. (%) 6 (18.7)
RBC transfusion dependence 16 (50)
Total no. of courses 127
Median 4

MDS myelodysplastic syndrome, RA refractory anemia, RARS
refractory anemia with ringed sideroblasts, RCMD refractory cytope-
nia with multilineage dysplasia, RAEB refractory anemia with excess
blasts, sAML secondary acute myeloid leukemia, IPSS International
Prognostic Scoring System; WPSS WHO classification-based Prog-
nostic Scoring System, RBC red blood cells
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sion requirement [18]. The overall response rate according
to the WPSS was 33.3%, 60%, 50% and 66,7% in the low,
intermediate-, high-, and very high risk group (n=3, 5, 8,
6), respectively. The results were not statistically signifi-
cant. There was no patient in the very low risk group. Six of
eight patients with sAML were treated with 5-AZA alone.
An overall response rate of 25% was observed. This
included one CR and one marrow CR. The other two
patients were treated with the combination of 5-AZA,
valproic acid, and all-trans retinoic acid [15]. One patient
had stable disease after four courses of therapy (conversion
to RAEB-I, hematologic improvement with a significant
increase of platelets), the other patient failed.

Response according to cytogenetic subgroup

Pre-treatment cytogenetic characteristics are shown in
Table 3. Karyotype abnormalities were categorized accord-
ing to IPSS. Fifteen of 32 (46.9%) evaluable patients had
good risk karyotypes, three (9.4%) intermediate, and 13
(40.6%) poor risk karyotypes; the karyotype of one patient
was not assessable. The responses according to cytogenetic
risk group are summarized in Table 4. In the subgroup with
favorable cytogenetics (n=15), the response rate was

46.7%. One patient with isolated del(5q) did not respond.
Two patients with isolated del(20q) achieved hematologic
improvement with transfusion independence.

Among the three patients with intermediate prognostic
karyotype, 66.7% achieved a response. Two patients were
with trisomy 8 as an isolated abnormality. One patient died
after two courses of 5-AZA without any improvement, the
other patient had stable disease without hematologic
improvement after four courses of therapy. In the subgroup
with poor cytogenetics (n=13), the response rate was
46.2%. When analyzing the subgroup of patients (n=6)
with abnormal chromosome 7, we saw only one patient
responding to therapy (marrow CR). One patient with
complex karyotype achieved a complete cytogenetic re-
sponse. A total of seven (21.9%) patients had complex
abnormalities with involvement of del(5q). In this sub-
group, the response rate was 42.9%.

Time to AML and overall survival

Ten patients developed secondary AML or relapsed from
AML. For responding patients, the median time to AML
progression was 45 weeks (95% CI 22–68), while the
median time to AML in non-responders was 14 weeks
(95% CI 4–22). This difference was significant (P=0.038).
The median survival of all patients was 60 weeks
(95% CI 11–108) (Fig. 1); regarding the responders the
median survival was 74 weeks (95% CI 46–102) compared
with 26 weeks (95% CI 22–30) in non–responders (P=
0.047) (Fig. 2). The median duration of response was 64
weeks (95% CI 56 – 77 weeks).

Table 2 Response to treatment

Response according to modified IWG criteria Total (%)

CR 2 (6.3)a

Marrow CR 3 (9.4)
SD 11 (34.4)
Failure 13 (40.6)
No response 3 (9.4)

IWG International Working Group, CR complete remission, SD stable
disease
a One patient also had complete cytogenetic remission

Table 3 Pretreatment cytogenetic characteristics

Risk group according to IPPS Total (%)

Low 15 (46.9)
Normal 12 (37.5)
Isolated del(5q) 1 (3.1)
Isolated del(20q) 2 (6.3)
Intermediate 3 (9.4)
Trisomy 8 2 (6.3)
Other than trisomy 8 1 (3.1)
High 13 (40.6)
Abnormal chromosome 7
(isolated or + 1 additional abnormality)

4 (12.5)

Complex 9 (28.1)
Not categorized 1 (3.1)

IPSS International Prognostic Scoring System

Table 4 Response to treatment with respect to karyotype

Pretreatment
cytogenetics according
to IPSS

Response according to
modified IWG criteria

Total (% within
the subgroup)

Good CR 1 (6.7)
Marrow CR 1 (6.7)
SD 5 (33.3)
Failure 5 (33.3)
No response 3 (20.0)

Intermediate CR 0 (0)
Marrow CR 0 (0)
SD 2 (66.7)
Failure 1 (33.3)

Poor CR (also CyCR) 1 (7.7)
Marrow CR 1 (7.7)
SD 4 (30.8)
Failure 7 (53.8)

Not categorized Marrow CR 1 (100.0)

IPSS International Prognostic Scoring System, IWG International
Working Group, CR complete remission, CyCR cytogenetic complete
remission, SD stable disease
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Toxicity

The most common toxicity of 5-AZA is myelosuppression.
In our patients, grade 3 or 4 neutropenia occurred in 21.9%
and grade 3 or 4 thrombocytopenia in 40.6%. Dose
adjustment (reduction of 25%) due to prolonged thrombo-
cytopenia was necessary in four (12.5%) patients. Subcu-
taneous administration of 5-AZA induced transient
erythema at the injection sites in all patients. All patients
received antiemetic prophylaxis with dexamethasone and
granisetron so that most patients did not suffer from nausea
or vomiting. Infectious complications during treatment with
5-AZA occurred in 14 (43.8%) patients. From August 2004
to December 2007, 19 (59.4%) deaths occurred. Three
patients died during treatment (pneumonia, two; unknown,
one). Ten deaths were attributed to secondary AML. Six
deaths were due to infection (n=1), bleeding (n=1), and
unknown reasons (n=4).

Discussion

We conducted a retrospective data analysis of patients with
MDS or sAML who were treated with 5-AZA. The median
age of our patients was 73.1 years. Compared to patients
included in the CALGB protocols 8421 and 9921, the
median age in our patient cohort was higher by 8 and 4
years, respectively [19]. The higher median age in our
patient group reflects the typical MDS patient population
outside of a controlled clinical trial. The majority of
patients had either higher risk MDS according to IPSS
(47%) or sAML (25%).

The median number of courses administered was four.
Treatment was continued for two more cycles as consoli-

dation in patients who had achieved CR, marrow CR, or SD
with hematologic improvement. Since the first reported
median time to response for 5-AZA was 3 cycles [19],
treatment was stopped after four courses in patients with
SD without hematologic improvement or at any time if
failure was evident. Overall, 12 out of 32 patients (37.5%)
received less than four cycles of 5-AZA due to progression
to overt leukemia or death. Only one patient received a total
of 13 cycles due to continuous benefit, accounting for the
range of 1–13 cycles.

The overall response rate was 50%, consistent with
published data [8, 19], with the majority of responding
patients achieving stable disease. Compared to MDS
studies 8421, 8921, and 9921 [19] the rate of complete
remission (excluding marrow CR) in our analysis was
clearly inferior (6.3% vs 10–17%). However, we saw a high
rate of stable disease (34.4%). A likely explanation for
these differences is the limited number of treatment courses
in our center compared to the CALGB protocols. The
recently published extended analysis of the MDS trials
8421, 8921, and 9921 revealed that the majority of
responders (90%) achieved a response by cycle 6 [19].

Although the median number of cycles administered in
the Cancer and Leukemia Group B (CALGB) trials remains
unclear (the reported range was 1–17 cycles), it can be
assumed that it was higher than in our study since patients
were treated until progression. The mechanism of action of
5-azacitidine infers continuing benefit with prolonged
therapy [8, 10, 20]. Nevertheless, even with the limited
cycles of therapy administered to our patients, we observed
a benefit in terms of time to AML progression and a
statistically significant survival advantage for responders
compared to non-responders (Fig. 2, 74 vs 26 weeks

weeks

120100806040 200 

s
u

rv
iv

a
l 

[%
] 

100  

80  

60  

40  

20  

0  

Fig. 1 Overall survival of all patients

weeks

120100806040 20 0 

s
u

rv
iv

a
l 

[%
]

100

80  

60  

40  

20  

0

P = 0.047 

censored 

responder 

non responder 

Fig. 2 Overall survival of responders and non-responders

Ann Hematol (2009) 88:213–219 217



survival, respectively; P=.047) as well as a favorable
response duration of 64 weeks. The observed median
overall survival of 74 weeks in the group of responding
patients corresponds well with the survival rates from the
randomized phase II/III trials published for 5-AZA as well
as decitabine [8, 10, 13, 14, 19], most of which had a
higher number of treatment cycles. Therefore, our results
suggest that even a limited number of treatment cycles may
be beneficial for patients.

However, proof of the hypothesis that a defined shorter
treatment is not inferior to treatment until progression
requires confirmation by a randomized controlled clinical
trial. This is especially true since the patients in our study
were not treated within a defined protocol and therefore a
selection bias cannot be completely excluded. The unfa-
vorable median survival of non-responders seen in our
study reflects the poor prognosis of patients with higher risk
MDS [17].

The modified International Working Group (IWG)
response criteria [16] provide a good basis for response
evaluation. However, these might lack a category for low-
risk MDS not responding to treatment. “Stable disease”
describes benefit from treatment in high-risk MDS as a
temporary stop of disease progression, which may delay
leukemic evolution. In low-risk MDS with a median overall
survival of about 120 months “stable disease” cannot be
seen as benefit from treatment. On the other hand, “failure”
cannot be applied either as it assumes disease progression. For
these reasons, we used the term “no response” for patients
with low-riskMDSwho did not benefit from treatment. Using
this definition 60% of low-risk patients (RA, RARS, or
RCMD with IPSS 0 or 1) showed no response.

Concerning the time to transformation to AML, a
significant difference (p=.038) was observed between re-
sponders (median, 45 weeks) and non-responders (median,
14 weeks). More responding (n=6) than non-responding
(n=4) patients developed AML or relapsed from AML,
which is explained by the fact that many non-responding
patients died due to MDS-related causes (e.g., infections,
bleeding) before leukemic evolution could occur.

No statistically significant differences were seen in
response rate between the different risk groups with respect
to IPSS, WPSS, and cytogenetic risk profile. We could also
not confirm the superior response to demethylating therapy
in patients carrying a chromosome 7 abnormality [21, 22].
However, the subgroups were probably too small to reach
statistical significance.

In conclusion, 5-azacitidine was associated with a sur-
vival advantage in responding patients with MDS or sAML
in this retrospective data analysis. Our results confirm the
feasibility and beneficial effect of methyltransferase inhib-
itors on clinical outcome in a cohort of MDS patients
substantially older than in the randomized CALGB trials.

Although we obtained a predominantly stable disease, we
observed that patients benefited even from a limited number
of treatment courses with 5-AZA. This may be explained by
the fact that even disease stabilization confers an overall
survival advantage for patients treated with 5-AZA, as shown
by the recently presented data of the AZA-001 trial [23]. On
the basis of these observations, continuous administration of
5-AZA until progression may not be necessary. We suggest
that a randomized prospective controlled clinical trial be
initiated to address this important question.
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