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Abstract During the last 10 years, three European phase II
studies were performed to investigate the treatment of
elderly patients with myelodysplastic syndrome (MDS)
with low-dose 5-aza-2′-deoxycytidine (decitabine, DAC).
All these European trial data were reviewed on the basis of
the International Prognostic Scoring System (IPSS) risk
criteria and the response criteria as recently published by an
international working group. To investigate the results in a
larger cohort of patients and to determine risk factors, all
data were pooled with some observations from the PCH
95-06 US phase II study. The response rate in the 177
patients evaluated (median age 70 years) was 49%. The
median response duration was 36 weeks, and the median
survival was 15 months. Analysis of the data according to
sex, age, French–American–British classification, percent-
age of blasts in the bone marrow, IPSS risk group, lactate
dehydrogenase and cytogenetics did not reveal any factor
predictive of response. Overall, 69% of patients benefited,
including those with stable disease during therapy. Re-

sponse duration was significantly shorter with increasing
risk (according to the IPSS classification). Haemoglobin
level and neutrophil count showed an inverse correlation to
the IPSS classification. Univariate analysis showed a
significantly inferior survival for elderly patients (>75
years of age) and for those with high levels of serum lactate
dehydrogenase (LDH) (more than two times the normal
values). Patients with high-risk cytogenetic abnormalities
according to the IPSS risk criteria showed better overall
survival than those with intermediate-risk abnormalities.
When analysed according to the IPSS risk classification,
high-risk patients had worse survival prospects following
decitabine therapy than those with intermediate risk; how-
ever, compared to the originally reported IPPS outcomes
for high-risk patients, they probably showed better sur-
vival. During the treatment period, 18% of the patients
progressed towards acute leukaemia. Decitabine showed a
rather low toxicity profile in this elderly patient group. In
conclusion, low-dose decitabine is an active drug for the
treatment of MDS patients, even for those older than 75
years with bad prognostic characteristics.
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Introduction

Gene silencing of potential tumour suppressor genes is
probably one of the critical events in the development of
several forms of cancer [6]. Methylation of a transgene
promoter correlates with transcriptional gene silencing, and
in many tumours, hypermethylation of promoters of im-
portant malignancy-related genes has been described. Ab-
errant methylation of promoter-associated cytosine–guanine
(CpG) islands is an epigenetic modification found in cancer
patients. In patients withmyelodysplastic syndrome (MDS),
hypermethylation of p15Ink4b has been described [1, 15],
which is an inhibitor of the cyclin-dependent kinase-4 and
a negative regulator of the G1/S progression of the cell
cycle.
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DNA hypermethylation of important genes involved in
the pathogenesis seems an interesting therapeutic target for
the treatment of patients with an MDS. Azanucleosides,
after incorporation into the DNA of dividing cells, may
modulate differentiation, growth and apoptosis via upreg-
ulation of genes that are silenced by DNA methylation.
Both 5-azacytidine (azacitidine, Vidaza) and 5-aza-2′-de-
oxycytidine (decitabine, DAC) are potent inhibitors of
DNA methylation [5] and have shown clinical activity in
patients with MDS [16–18]. In patients treated with
decitabine, demethylation of initially hypermethylated
CpG islands of the p15INK4b gene was measured, and
p15 protein expression was found to be reinduced in the
myeloid precursors of these patients. In the majority of these
patients, this was associated with a clinical response [7].

Since 1991, we have been treating elderly patients with
high-risk MDS with low-dose decitabine, and currently,
more than 170 patients have been treated in three separate
phase II studies using almost the same treatment condi-
tions. The results of the first two phase II studies (PCH 91-
1 and PCH 95-11) were published previously [17, 18]. In
this paper, we present the data of our third study, PCH 97-
19. The data of all three European studies were pooled with
the data from a single centre that participated in the US
phase II study (PCH 95-06) in order to evaluate the prog-
nostic parameters. We performed this analysis in a group of
177 patients according to the corrected International Prog-
nostic Scoring System (IPSS) risk parameters and the
response criteria as defined by an international working
group [3].

Patients, materials and methods

The pooled results of three European phase II studies (PCH
91-1, PCH 95-11 and PCH 97-19; performed between 1992
and 2001) and the data from a single centre that par-
ticipated in a phase II study performed in the US (PCH 95-
06) are analysed in this study. All data from these studies
were reanalysed, updated and corrected according to an
erratum of the IPSS working group [8, 9]. The results were
also re-evaluated according to the newly published re-
sponse criteria [3]. Furthermore, the findings of 75 new
patients from the third phase II study, PCH 97-19, were
included in the analysis. Data presented were collected
until February 2004.

Patient’s characteristics

All protocols were approved by ethical committees, and all
patients provided informed consent before enrolling in the
study. Patients were eligible if they had a primary MDS of
one of the following subtypes [according to the French–
American–British (FAB) criteria] [2]: refractory anaemia
with excess of blasts (RAEB), RAEB in transformation
(RAEB-T), chronic myelomonocytic leukaemia (CMML)
and refractory anaemia (RA) or refractory anaemia with
ringed sideroblasts (RARS); with a transfusion requirement

that exceeded three units of red blood cells (RBCs) or six
units of platelets per 6 weeks and had not previously been
treated with chemotherapy. In the PCH 91-1 study, two
patients with a secondary acute myeloid leukaemia (sAML)
slowly progressing from MDS with a blast cell count 30–
40% were included. Furthermore, patients with malignan-
cies, in addition to MDS, not treated with chemotherapy
were also enrolled. In all studies, normal renal and liver
function was required. Only a moderate elevation of liver
enzyme levels (maximum 2× normal) was allowed if sus-
pected to be caused by the underlying MDS. Cardiac func-
tion was required to be normal. Only patients with an
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0, 1 or 2 were allowed to enter the study.

A total of 177 patients were analysed: 53 women and
124 men, with a median age of 70 years (range 38–89).
Table 1 lists the distribution of the patients according to the
FAB subtype and the IPSS risk score (measured at the start
of the treatment protocol). The majority (72%) of the
patients had an intermediate (INT)-2 or high-risk score,
indicative of an extremely poor outcome in elderly patients
[9]. No IPSS low-risk patients were enrolled.

Cytogenetic baseline analyses were performed in 169/177
(95%) of the patients but were uninformative in 18 cases.
The IPSS risk score of these 26 patients without cytoge-
netic data was based on the other available data; thus, the
risk might be underestimated in these patients. Chromo-
somal abnormalities were found in 52% of the patients. For
the cytogenetic abnormalities in the different risk groups,
see Table 2.

Therapy

In study PCH 91-1, decitabine was given to the first 21
patients by continuous infusion (50 mg/m2/24 h), and the
dose was increased to 65 and 75 mg/m2/24 h if no response
was observed. In the remaining eight patients in this study,
doses were fixed at 40 mg/m2/24 h. In the other studies, a
fixed dose of three times 15 mg/m2/24 h was given
(=45 mg/m2/24 h) as 4-h infusions (PCH 95-11 and PCH
97-19) or as 3-h infusions (PCH 95-06). A therapy cycle
consisted of the drug administration on 3 consecutive days
every 6 weeks provided that haematological recovery had
occurred before patients started a new cycle or, in case of a
low blood cell count, that the haematological parameters
had at least reached pretreatment values. No dose reduction

Table 1 Patients according to FAB classification and IPSS risk
score

FAB classification IPSS risk score

INT-1 INT-2 High-risk Total

RA/RARS 19 4 23
RAEB 16 30 20 66
RAEB-T 2 14 49 65
CMML 12 7 4 23
Total 49 55 73 177

10



was allowed. The effect of the therapy was first evaluated
by bone marrow aspirate after the second cycle. In case of a
complete response (CR), two more courses of therapy were
given, and therapy was stopped if the CR persisted. When
an improvement, partial response (PR) or stable disease
was achieved, two more cycles were given, with a max-
imum of six courses in studies PCH 91-1 and PCH 95-11
and eight in the PCH 97-19 study. The therapy was stopped
in case of progressive disease.

Response criteria

Responses were evaluated according the newly described
response criteria proposed by an international working
group [3]. A CR was scored when less than 5% of blast
cells were found in the bone marrow with a normal hae-
moglobin (Hb) concentration and cell count for neutrophil-
ic granulocytes and platelets. According to the guidelines
for CR, “no evidence for dysplasia” should be present [9].
In practice, this is difficult to evaluate since (subtle) dys-
plastic features are often found during treatment. Cytoge-
netic responses were observed; these data are published
elsewhere [13]. Haematologic improvements were classi-
fied as major and minor responses as proposed by an in-
ternational working group [3].

Response duration (in weeks) was defined as the time
from best response to the moment of returning to baseline
values for the blood cell counts or the first transfusion to
occur after the patients had become transfusion-indepen-

dent. Toxic death was defined as all deaths during the
whole period of the decitabine therapy not occurring due to
disease progression.

Statistical methods

Response data are presented on the basis of intention to
treat (ITT) (n=177). Response rates were compared using
the Chi square test, and trends were analysed by linear-by-
linear association analysis. The median response duration
with the 95% confidence interval (CI) and the survival
were estimated using Kaplan–Meier curves, and subgroups
were compared using log rank test. Median survival es-
timates were provided with 95% CI. For these analyses, the
SPSS 11.0 statistical programme was used. Multivariate
analyses were performed using Cox regression analysis.

Results

Analyses were performed on the ITT population (n=177)
that contained 12 patients not evaluable for response
according to the protocol. These 12 patients received only
one cycle of therapy without signs of disease progression,
three of them because they refused further therapy and nine
due to persistent cytopenia, therefore not qualifying for the
next cycle. Toxic death was seen in 12 patients (6.8%) and
was higher in earlier studies. The cause of death was almost
always infection or bleeding due to disease- or therapy-
related pancytopenia. At least three patients died of causes
not disease-related. Disease progression during therapy,
mostly towards an acute leukaemia, was observed in 32
(18%) of the patients. The median number of cycles given
to the patients was four for all three studies.

Response rate

The overall response rate was 49% (86/177), with a com-
plete remission rate of 24% (for the results of the individual
studies, see Table 3). A substantial number of patients
achieved stable disease during the therapy (20%). When

Table 2 Chromosomal abnormalities according IPSS risk group

Cytogenetics Risk Total

INT-1 INT-2 High-risk

Not done 2 4 2 8
No metaphases 4 7 7 18
Normal 25 21 16 62
Low-risk 5 4 4 13
Intermediate-risk 12 7 20 39
High-risk 1 12 24 37
Total 49 55 73 177

Table 3 Responses

Results PCH 91-1
(n=29)

PCH 95-11
(n=66)

PCH 97-19
(n=75)

PCH 95-06
(n=7)

Total
(n=177)

Percentage

Toxic death 5 4 2 1 12 7
Progressive disease 4 16 12 32 18
Stable disease 3 13 16 4 36 20
Improvement 2 9 13 1 25 14
Partial response 5 5 8 18 10
Complete response 8 14 20 1 43 24
Not evaluable 2 5 4 11 7
Response rate (%) 52 42 55 49
Response rate including stable
disease (%)

62 70 76 69
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patients with stable disease were included, 69% of the
patients possibly benefited from decitabine therapy.

No significant differences in response rate were seen
between male and female patients (47 vs 53%) (Table 4).
Although elderly patients above the age of 75 years had a
somewhat lower response rate, the differences seen for
each age group were also not significant (Table 4). The
response rates were evaluated according to bone marrow
blast count, the FAB classification (including CMML) and

the IPSS risk groups (Table 4). Patients with a higher risk
did not have a lower response rate than patients in the lower
risk group. Patients with no cytogenetic abnormalities or
low-risk cytogenetic abnormalities (including those where
no metaphases could be obtained) showed the same
response rate as patients with high-risk abnormalities.
Neither high LDH levels nor type or number of cell line
deficiencies were prognostic factors. None of all the pa-

Table 5 Univariate analysis of the median response duration

Parameter Number Response duration
(weeks)

95% CI and
p value

Sex
Female 28 41 31–50
Male 57 36 22–43 p=0.953
Age
<65 years 22 43 35–51
65–75 years 42 36 32–40
>75 years 21 36 25–47 p=0.351
Blast count
<5% 13 41 31–51
5–10% 17 35 26–44
11–20% 30 38 32–44
>20% 25 26 23–29 p=0.112
FAB
RA/RARS 8 41 8–73
RAEB 35 35 29–40
RAEB-T 31 37 13–61
CMML 11 38 19–57 p=0.256
IPSS
INT-I 21 50 32–68
INT-2 28 38 33–43
High-risk 36 32 19–36 p=0.029
LDH
Normal 41 39 33–45
1–1.5×normal 25 36 23–48
>1.5×normal 15 32 20–44 p=0.699
Cytogenetics
Low-risk 49 39 35–43
Intermediate 16 36 18–54
High-risk 18 32 22–42 p=0.917
Anaemia
No 23 32 25–39
Yes 62 43 32–48 p=0.010
Neutropenia
No 37 30 26–34
Yes 48 44 36–52 p=0.001
Thrombocytopenia
No 16 40 23–57
Yes 69 38 34–42 p=0.634
Cell line deficiency
No deficiency 47
One cell line 18 30 26–34
Two cell lines 36 36 27–45
Three cell lines 30 49 40–58 p=0.013

Table 4 Univariate analysis of the response rate

Parameter Number Response
rate (%)

Significance

Sex
Female 53 53
Male 124 47 0.460
Age
<65 years 54 41
65–75 years 80 54
>75 years 43 49 0.335
Blast count
<5% 35 40
5–10% 33 52
11–20% 57 53
>20% 52 48 0.676
FAB
RA/RARS 23 35
RAEB 66 51
RAEB-T 65 48
CMML 23 52 0.491
IPSS
INT-I 49 45
INT-2 55 51
High-risk 73 49 0.818
LDH
Normal 74 55
1–1.5×normal 51 49
>1.5×normal 37 43 0.464
Cytogenetics
Low-risk 91 54
Intermediate 40 43
High-risk 38 47 0.464
Anaemia
No 49 49
Yes 128 48 0.949
Neutropenia
No 78 47
Yes 99 49 0.786
Thrombocytopenia
No 37 46
Yes 140 49 0.718
Cell line deficiency
No deficiency 3 33
One cell line 41 46
Two cell lines 71 51
Three cell lines 62 48 0.902
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rameters shown in Table 4 were predictive for a response to
therapy.

Response duration

The median response duration was 36 weeks (range 12–
147 weeks; 95% CI 32–42 weeks, n=86). When also in-
cluding those patients with a stable disease (n=122), the

median response duration was 33 weeks (range 8–147
weeks; 95% CI 31–41 weeks).

Response duration was analysed according to multiple
parameters (Table 5). Most of these parameters had no
significant effect on the response duration using univariate
analysis. Response rates in CMML patients were not lower
than those in other FAB subtypes. When analysing patients
according to the FAB classification, excluding CMML, the
median response duration was 41, 35 and 37 weeks for RA,
RAEB and RAEB-T (p=0.247), respectively. Significant

Table 6 Univariate analysis of
survival from start of therapy

Parameter Number Survival
(months)

95% CI and
p value

2-year survival
(%)

3-year survival
(%)

Sex
Female 53 17 14–18 30 18
Male 124 14 11–17 p=0.410 31 15
Age
<65 years 54 17 12–22 40 20
65–75 years 80 15 12–18 30 17
>75 years 43 12 7–17 p=0.028 20 8
Blast count
<5% 35 18 13–23 40 28
5–10% 33 18 12–24 33 11
11–20% 57 15 12–20 31 16
>20% 52 12 10–14 p=0.092 23 8
FAB
RA/RARS 23 18 10–26 35 30
RAEB 66 15 11–19 30 16
RAEB-T 65 13 12–16 27 9
CMML 23 20 11–30 p=0.241 31 12
IPSS
INT-I 49 23 16–30 46 27
INT-2 55 15 13–17 26 16
High-risk 73 12 9–15 p=0.005 24 10
LDH
Normal 75 19 15–23 42 25
1–1.5×normal 51 14 9–19 28 12
>1.5×normal 36 11 9–13 p=0.002 14 3
Cytogenetics
Low-risk 91 19 13–25 43 25
Intermediate 40 10 6–14 19 0
High-risk 38 15 9–21 p<0.001 20 14
Anaemia
No 49 15 9–21 26 14
Yes 128 15 12–18 p=0.838 33 16
Neutropenia
No 78 15 10–20 26 9
Yes 99 15 13–17 p=0.290 35 22
Thrombocytopenia
No 37 16 12–20 27 18
Yes 140 15 12–18 p=0.787 32 16
Cell line deficiencies
No deficiency 3
1 cell line 41 15 10–20 18 9
2 cell lines 71 15 11–19 35 11
3 cell lines 62 15 11–19 p=0.475 36 22
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differences in response duration based on the IPSS cate-
gory were observed; INT-1 patients had a response duration
of 50 weeks, compared to 32 weeks for the high-risk group
(p=0.043). Platelet count at the start of the therapy was not
a predictive factor. However, neutrophil count or haemo-
globin concentration showed a very strong inverse relation,
meaning that patients with either a neutropenia or anaemia
had a longer response duration compared to patients with
normal counts. Accordingly, the response duration was
longer when three cell lines were deficient.

Survival

Since IPSS risk group and survival were scored for these
patients from start of therapy and not from diagnosis, we
could not compare the survival of the different IPSS sub-
groups with the original data of the IPSS publication or
with other studies. At the time of evaluation, 154/177
patients had died.

The overall median survival of the whole patient group
was 15 months (95% CI 12.5–17.5 months), with 31% of
patients alive at 2 years. A significant decrease in survival
was seen with age (Table 6). There was a trend towards a
decrease in survival time with an increase in bone marrow
blast cell percentage, but this did not reach a statistical
significance. When CMML patients (with <20% blasts; not
recognized by the WHO criteria as “pure” MDS) were
excluded, the survival difference for the different FAB
subgroups was also not statistically significant (p=0.134).
Significant differences were observed for those patients
who showed an increased LDH level as well as for the
different cytogenetic subgroups. However, patients with
intermediate-risk cytogenetic abnormalities had shorter
median survival than those with high-risk abnormalities
(chromosome 7 abnormalities or multiple abnormalities).
When analysed by the IPSS risk score (which takes into
account blasts count, cytogenetic abnormalities and cell
line deficiencies), high-risk patients showed lower survival

than patients with INT-2 and INT-1, respectively (Fig. 1).
No differences were seen for different cell lines.

Multivariate analysis

Multivariate analysis for survival according to the defined
risk factors was carried out by Cox regression analysis (see
Table 7). In contrast with the findings of the group who
defined the IPSS risk score, we did not observe a signif-
icant contribution of either Hb, absolute neutrophil count
(ANC) and platelets alone or in combination. Significant
was the contribution of blast cell count and cytogenetics as
reflected in the IPSS. LDH and age were additional param-
eters, with LDH having the strongest predictive weight.
The variables in the equation had the following outcome:
IPSS p=0.0024; Exp(B) 1.274, LDH p=0.001 Exp(B) of
1.453 and age p=0.007 with an Exp(B) of 1.396.

The effect of time of the diagnosis on survival

For 15 patients, the exact date of diagnosis was not known.
Almost half of the patients began treatment 4 or more
months after diagnosis. The overall survival from diagnosis
was 23 months (95% CI of 19.1–26.9 months). There was a

Fig. 1 Survival for the different cytogenetic subgroups. Probability
of survival for the different cytogenetic risk groups. Normal and
low-risk cytogenetic abnormalities (___), intermediate-risk abnor-
malities (- -) and high-risk abnormalities (_ _ _) (p=0.001)

Fig. 2 Survival for direct or later treatment. Probability of survival
from moment of start therapy. Patients treated within 1 year of
diagnosis (____) had a median survival of 13 months (95% CI 9.1–
16.6), and patients treated more than 1 year after diagnosis (- - -) had
a median survival of 25 months (95% CI 12.9–37.1) (p<0.001)

Table 7 Multivariate analysis: characteristics related to survival

Characteristics and
order of entrance
in the regression

-2 log likelihood Chi square p value

Hb 1230.696 0.013 0.908
ANC 1229.627 1.091 0.580
Platelets 1229.270 1.441 0.696
Blast count 1222.352 8.200 0.085
Cytogenetics 1154.504 14.209 0.014
LDH 1049.708 23.072 0.001
Age 1042.487 29.694 <0.001
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significant difference in the survival for those patients who
were treated immediately after the diagnosis of MDS com-
pared with those in whom the diagnosis was made 4 or
more months prior to decitabine therapy. Patients who
started treatment immediately after diagnosis had a median
survival from start of therapy of 13 months (95% CI 9.3–
16.6 months, n=76), compared to 18 months (95% CI
12.8–23.2 months, n=79) for late starters (p=0.023). When
the cut-off was 1 year, the difference was even more pro-
nounced (Fig. 2), with a median survival of 13 (n=111) and
25 months (n=44) and a 2-year survival of 25 and 50%
(p<0.001) for immediate and late starters, respectively.
When comparing immediate or delayed treatment for the
different IPSS risk groups, we observed a significant dif-
ference for the INT-1 and INT-2 subgroups but not for the
high-risk subgroup (see Table 8).

Toxicity

In general, the toxicity was considered to be very mild by
the patients. Details of the safety outcome of PCH 91-1 and
PCH 95-11 study are published elsewhere [5, 6]. Twelve
patients died during therapy. Eight died due to infection,
one due to cerebral haemorrhage during a thrombocyto-
penic phase and three due to cardiovascular complications
not considered to be related to therapy.

Table 9 shows the WHO grade 3 and 4 toxicity seen in
the PCH 97-19 study with 75 patients. In this study, 43
patients experienced a total of 50 febrile episodes. The
mean number of days per fever episode was 9.5. Twenty-
three of these infections were classified as WHO grade 3 or
4 toxicity. Most episodes occurred during the first or sec-
ond cycle of therapy, when a neutropenia due to the therapy
and/or disease was present.

Abnormal increases in liver enzymes (WHO grade 1–3)
were seen in 12 patients (16%). Eleven of these were
scored as WHO grade <2. Twenty patients experienced an
increase in LDH, often after the first cycle, possibly due to
tumour cell lysis or in combination with a rise in the liver
enzymes.

Creatinine levels were raised in five of the 75 patients,
with all changes being of WHO grade 1 severity. In the
PCH 95-11 study, we observed one grade 3 renal toxicity.
No other case of renal toxicity was seen.

Cardiovascular toxicity was very low, mostly considered
not related or only possibly related to the study drug. One
patient experienced a grade 3 atrial fibrillation (during an
anaemic episode with an Hb <7.5 g/dl). Grade 3 cardio-
vascular problems were observed in six of the 75 patients in
PCH 97-19.

Haematotoxicity is difficult to evaluate due to the
already low cell counts at the start of the therapy. There-
fore, we evaluated those patients who had (near) normal
counts and showed a decrease in cell count during treat-
ment. Fifteen patients experienced a drop in cell count
during 20 episodes; according to the WHO scale, pancy-
topenia grade 2 was seen in two patients during three ep-
isodes, anaemia grade 2 in two patients, leucopenia in 10
patients during 12 episodes (three grade 3 toxicity and one
grade 4) and thrombocytopenia in four patients during five
episodes (two grade 3 and two grade 4).

Discussion

In this overview, we pooled the data of three European
phase II studies and we added data from a single centre that
participated in the US phase II study. Using low-dose
decitabine in elderly patients with high-risk MDS, we ob-
served an acceptable response rate of almost 50%. Re-
sponses were seen even in those patients with extremely
bad prognostic characteristics including high-risk cytoge-
netic abnormalities. No correlation between the selected
prognostic factors and response rate could be found. Only
18% of the patients progressed towards acute leukaemia
during the treatment period.

The response duration was rather short at 36 weeks.
IPSS risk score was found to be predictive for response
duration. Hb level and neutrophil count were found to be
(adverse) prognostic parameters. Overall survival of the
group was 15 months. Age, LDH, cytogenetic findings and

Table 9 WHO grade 3 and 4 toxicity in the third series of patients,
PCH-97-19 (n=75)

Number Percentage

Fever and sepsis 15 20
Pneumonia 8 11
Cardiovascular 6 8
Nausea and vomiting 5 7
Mucositis 3 4
Liver toxicity 1 1
Anorexia 1 1
Sleep disorder 1 1
Alopecia 1 1
Anaphylactic reaction 1 1
Deafness 1 1
Headache 1 1

Table 8 Survival from start of therapy according to time from
diagnosis to therapy for different IPSS subgroups

Median
survival
months

95% CI 2-year
survival
(%)

Number

IPSS INT-I
<1 year 17 6.5–27.5 31 29
>1 year 39 28.3–50.7 72 14
IPSS INT-2
<1 year 15 11.8–18.2 14 31
>1 year 22 6.4–43.7 41 15
IPSS high-risk
<1 year 12 8.1–15.9 24 51
>1 year 14 9.0–19.1 31 15
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IPSS risk score were predictive of overall survival time. A
remarkably good median survival of 15 months was seen in
patients with high-risk cytogenetic abnormalities (i.e.
abnormalities involving chromosome 7 or complex abnor-
malities [≥3]).

The IPSS risk score has been generally accepted as an
indication of expected survival in an individual patient. In
the analysed patient cohort, this risk score correlated with
survival in patients treated with decitabine. This was not
because more INT-I patients than high-risk patients reached
a remission, but rather because the response duration was
longer in low-risk than in high-risk patients. The IPSS risk
score takes into account three independent risk factors:
blast cell count, cytogenetic findings and number of cell
line deficiencies. When we examined these parameters
separately, none were predictive of response to therapy.
There was only a small trend to increased response duration
in those patients with a high blast cell count. No correlation
was observed between different cytogenetic subgroups,
whereas there was an inverse trend in the response duration
when we looked at the number of cell line deficiencies.

When we examined the survival times, high bone mar-
row blast cell counts showed a trend towards inferior
survival (p=0.053). Patients with intermediate-risk cytoge-
netic abnormalities had a shorter median survival than
those with high-risk cytogenetic abnormalities. There was
no correlation between the number of deficient cell lines
and survival time. This suggests that decitabine might have
a more pronounced effect on patients with high-risk cyto-
genetic abnormalities, for reasons as yet unknown. From
our observations, it seems that serum LDH levels at the
start of therapy are a strong predictor of outcome.

Azanucleotides are drugs successfully used in MDS
patients. It is still unclear whether they exert their action by
inducing growth inhibition of the pathological clone via
an epigenetic pathway, e.g. the demethylation of aberrant
hypermethylated proliferation-associated genes. However,
CD34-positive myeloid precursors obtained from patients
treated with decitabine showed a decrease in the methyl-
ation of p15 and subsequently a normalization of the pro-
tein expression [7].

At present, two azanucleotides are under investigation
for clinical use in MDS patients, i.e. azacitidine and deci-
tabine. The response rates seen with these drugs seem
comparable, although the majority of the patients in the
study with azacitidine were of low- or INT-1 risk, and in the
present study, most patients are of INT-2 and high-risk. In
the treatment arm of the azacitidine study, a CR rate of only
7% was seen [16], whereas in patients treated with deci-
tabine reported in this paper, we observed a CR rate of
24%. Several CR patients showed a cytogenetic CR as we
reported earlier [13]. In a recent update on the azacitidine
phase III data, the overall response rate was corrected by
the US Food and Drug Administration to a CR + PR rate of
16%, compared to the originally published 23% [10]. The
limited data from studies using farnesyltransferase inhibi-
tors show a low response rate, and this drug showed sig-
nificant toxicity [12].

Currently, there is no consensus about a standard therapy
for elderly patients with high-risk MDS. Low-dose cyto-
sine arabinoside is still used, despite a randomized phase III
study that failed to demonstrate survival advantage over
supportive care [14]. The response rate and response du-
ration in that study were lower than seen with decitabine. In
addition, a meta-analysis concluded that low-dose cytosine
arabinoside is not an appropriate standard therapy [4].
Whether azanucleotides are a real alternative for the treat-
ment of elderly MDS patients has yet to be further eval-
uated in phase III studies. Other questions also remain
unanswered, for example the use of alternative decitabine
treatment schedules and the use of decitabine in combina-
tion to improve remission rate and response duration. With
their low toxicity profile and the beneficial effects on
quality of life, the azanucleotides may prove to be an
interesting treatment option for elderly MDS patients [11].
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