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Scoring systems for lower-risk myelodysplastic syndrome (LR-MDS) recognize patients with a poorer
than expected outcome. This study retrospectively analyzes the role of azacitidine in LR-MDS with adverse
risk score and compared to an historical cohort treated with best supportive care or erythropoiesis-
stimulating agents. Overall response to AZA was 40%. One and 2-year probabilities of survival were 62%
and 45% for AZA vs. 25% and 11% (P=10%). In a multivariable time-dependent analysis, response to

AZA (CR/PR/HI) was associated with an improved survival (HR=0.234, 95% CI, 0.063-0.0863; P=0.029).
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1.012-2.687; P=0.045).

Thrombocytopenia (<50 x 10° L=1) is confirmed as an adverse parameter in LR-MDS (HR = 1.649, 95% CI,
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1. Introduction

Myelodysplastic syndromes (MDS) comprise a group of clonal
hematopoietic disorders affecting mainly older individuals with
median age at diagnosis above 70 years [1]. MDS are characterized
by dysplastic features in the bone marrow (BM) evaluation, periph-
eral blood cytopenia and risk for progression to acute myeloid
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leukemia (AML) [2]. Prognosis of patients with MDS is very het-
erogeneous. The most commonly used prognostic score for clinical
studies in MDS is the International Prognostic Scoring System (IPSS)
[3], accounting for the BM blast percentage, number of peripheral
cytopenias and karyotype. The IPSS allows identification of lower-
risk (LR-MDS: low and intermediate-1 IPSS scores) from higher-risk
(HR-MDS: intermediate-2 and high risk IPSS scores) MDS patients
in terms of overall survival (OS) and risk of leukemic progres-
sion. Recently, the revised IPSS (IPSS-R) [4] for MDS incorporates
a new classification of cytogenetic abnormalities [5], severity of
peripheral cytopenias and different cut-off percentages for BM
blasts, allowing identification of five, instead of the former four
risk categories. In addition, transfusion dependence (TD; defined
as having at least one red blood cell transfusion every 8 weeks over
a period of 4 months) and degree of anemia were incorporated by
the WHO-based Prognosis Scoring System (WPSS) providing risk
stratification at any time during the course of the disease [6,7].
However, the concept of LR-MDS, defined as low and intermediate-
1 risk categories by the IPSS has several limitations. Parameters
such as severity of cytopenias, TD and the recent classification of
cytogenetic abnormalities are not considered to assess prognosis
when using the IPSS [3]. In this setting, two retrospective studies
have evaluated the prognostic impact of those variables. Garcia-
Manero et al. [8] reported a prognostic model for lower-risk MDS
identifying three risk categories in a large series of LR-MDS patients
with significant differences in expected median OS ranging from
80 to 14 months for the group of patients with the most adverse
characteristics. A recent study from our institution evaluated 332
LR-MDS patients [9], but only including those with the very good,
good and intermediate cytogenetic categories recognized for the
IPSS-R [4,5]. In contrast to the MD Anderson prognostic score (MDA
score), TD was also included in the survival model, as it has been
reported as an independent prognostic factor in MDS [10,11]. This
analysis allowed the identification of a subset of LR-MDS with a
poorer than expected median OS (13 months), a 10% estimated 4-
year survival and an increased risk of progression to AML. Thus, data
from these studies may have significant implications when consid-
ering treatment approaches for patients with lower-risk disease
but displaying adverse prognostic features.

Furthermore, the goal of intervention for MDS patients has been
established in the setting of the classic categorization as lower vs.
higher-risk MDS. It is currently accepted for that LR-MDS, aim of
therapy is focused to improve transfusion needs, improvement of
anemia and quality of life [12]. These patients are routinely offered
best supportive care (BSC), erythropoiesis-stimulating agents (ESA)
or lenalidomide for lower-risk disease with anemia and 5q dele-
tion. Azanucleosides, 5-azacitidine (AZA) and decitabine have also
been tried in lower-risk MDS. Several retrospective and prospective
studies have shown different rate of hematological improvement
and transfusion independency in patients with lower-risk disease
by IPSS [13-18]. However, the impact of AZA treatment in the group
of LR-MDS with confirmed poor prognosis according to specific
lower-risk scores [8,9] is uncertain.

With this background, in the current study we focused on
the outcome of patients with lower-risk disease by IPSS [3] who
received AZA but displaying adverse clinical features according to
an specific risk model for LR-MDS [9] and compared to a historic
cohort of patients who only received BSC or ESA as conventional
therapies.

2. Patients and methods
2.1. Patients

For this retrospective analysis, patients categorized as low and
intermediate-1 IPSS score [3] included in the Spanish Group of

Table 1
Multivariate analysis for variables with significant impact on outcome in LR-MDS
patients. Risk model for survival.

Variable HR (95% CI) P Assigned score
Age>60 1.909 (1.256-2.902) 0.002 2

Hb<10g/dL 1.701 (1.173-2.467) 0.005 1

Plt<50 x 109 L1 1.853 (1.287-2.667) 0.001 2

BM blast (4-9%) 1.288 (1.200-3.045) 0.006 1

TD 1.548 (1.092-2.195) 0.014 1

Risk group

Score Median survival (months) Estimated 4-year survival (%)
0-2 95 72

3-4 44 40

5-7 13 10

Adapted from Falantes et al. [9].
HR indicates hazard ratio; Hb, hemoglobin; Plt, platelet; BM, bone marrow; TD,
transfusion dependence.

Myelodysplastic Syndromes (GESMD) registry who were treated
with AZA in a compassionate use program in Spain were initially
recognized. The score for lower-risk MDS patients proposed by our
institution (Hospital Universitario Virgen del Rocio, Seville, Spain)
was applied to these patients who received AZA [9]. Patients sco-
ring 5-7 points according to this model as described in Table 1 (age
>60 years, hemoglobin <10 g/dL, transfusion dependence at diag-
nosis, platelet <50 x 10°L~! and bone marrow blasts percentage
4-9%) were finally included for analysis (n=27). For comparison,
an historical cohort from 2000 to 2010 period who served for the
development of the prognostic model for LR-MDS [9] was selected.
Patients from this historical cohort who received best supportive
care (BSC; n=46) or BSC and ESA (n=15) and only those scoring
5-7 points in the model, were selected.

A total of 88 patients were retrospectively analyzed, those for
the AZA-cohort (n=27) and historical control as the non-AZA group
(n=61).

All patients in the AZA cohort were aged >18 years and pro-
vided written informed consent. The study was approved by Local
Ethics Committee. Patients from the AZA cohort received at least
one course of therapy (75 mg/m?2/day and every 4 weeks). Ten out
of 27 patients (37%) received 5 days schema; eight patients (29.6%)
received 5 days followed by 2 days off and 2 more days and seven
patients (26%) received 7 days schema. No data was available for
two patients (7.4%). Table 2 shows baseline characteristics of the
patients and differences between the non-AZA and AZA cohorts.

2.2. Outcome measures

The main objective of this retrospective multicenter study was
to assess the efficacy of AZA and parameters associated with sur-
vival in the group of lower-risk MDS patients with adverse clinical
features in the mentioned risk model [9]. Response was evaluated
as complete remission (CR), partial remission (PR) or hematological
improvement (HI) according to the International Working Group
2006 criteria for MDS [19]. Patients were considered to be respon-
ders if response was maintained for 8 weeks or more (Table 3).

2.3. Statistical analysis

Comparison of continuous variables was performed by the
Mann-Whitney U or Student’s t-test when appropriate. For discrete
variables, chi-squared test or Fisher’s exact test were performed
depending on sample size. Overall survival was calculated from
date of diagnosis until death from any cause and estimated by
the Kaplan-Meier method [20]. Patients who remained alive were
censored at the time of last follow-up. The statistical significance
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Table 2
Baseline characteristics of the patients (N = 81) and differences between the non-AZA
and AZA cohorts.
Parameter N (%) Pvalue
Global Non-AZA AZA
(N=61) (N=27)
Age (median) 71(48-86) 70(48-86) 74(62-83) 0.26
WHO subtype
RA/RARS 15(17) 14(22.9) 1(3.7) 0.02
RCMD/RS 34(38.6) 25(41) 9(25.9) 0.25
RAEB-1 19 (33) 12(19.7) 17 (63) <0.001
CMML 10(11.4) 10(16.4) 0
LR-MDS score
5pt 40(45.4) 28 (46) 12 (44) 0.45
6pt 35(39.8) 27 (44) 8(30) 0.1
7pt 13(14.8) 6(10) 7(26) 0.03
Transfusion dependence 73 (83) 49 (80) 24 (96) 0.06
Karyotype
Normal 72(81.9) 52(85.3) 20(74.1) 0.23
del (5q) 4(4.5) 2(3.3) 2(7.4) 0.44
del (20q) 2(2.3) 2(3.3) 0
-Y 2(2.3) 1(1.6) 1(3.7) 0.61
+8 3(3.4) 1(1.6) 2(7.4) 0.24
IM 5(5.6) 3(3.9) 2(7.4) 0.65
IPSS
0 3(34) 3(4.8) 0
0.5 44 (50) 35(57.1) 9(304) 0.03
1 41(46.6) 23(38.1) 18(69.6) 0.01
IPSS-R
Very low 0 0 0
Low 27 25(41) 2(7.5) 0.001
Intermediate 40 29(47.5) 11(40.7) 0.5
High 21 7(11.5) 14(51.8) <0.001
Very high 0 0 0
Platelet (<50 x 10° L~1) 42(47.7) 29(47.5) 13 (48) 0.7
ANC <0.5 x 109 L ™! 18(20.4) 11(18) 10(39) 0.06
BM blast (4-9%) 36(40.8) 18(29.5) 18(67) <0.001

WHO indicates World Health Organization; RA/RARS, refractory anemia/refractory
anemia with ringed sideroblasts; RCMD, refractory cytopenia with multilin-
eage dysplasia; RAEB-1, refractory anemia with excess blasts-1; CMML, chronic
myelomonocytic leukemia; LR-MDS, lower-risk myelodysplastic syndrome; IM,
Insufficient methaphases; IPSS, International Prognostic Scoring System; IPSS-R,
Revised International Prognostic Scoring System; ANC, absolute neutrophil count;
BM, bone marrow.

of prognostic variables was tested by the log-rank test. To eval-
uate the relative impact of each parameter on survival, a Cox
proportional hazard regression model was performed [21]. As AZA
therapy was started at different time-points, multivariable anal-
ysis for survival was also performed including AZA treatment as a
time-dependent covariate. Also, response to AZA was evaluated as a
time-dependent covariate in the multivariable analysis considering
responding patients those who achieved CR, PR or HI. Parameters
included in the model for survival were: AZA treatment, peripheral
cytopenias (anemia and thrombocytopenia considering <10g/dL
and <50 x 10L-1 as thresholds, respectively), percentage of BM
blasts at diagnosis (4-9%) and TD as previously defined. A land-
mark analysis was performed to avoid this time-to-treatment bias

Table 3

Multivariate analysis for OS with AZA treatment as time-dependent covariate.
Parameter HR 95% Cl P
AZA treatment 1.502 0.742-3.039 0.25
Blasts 4-9% 1.016 0.608-1.698 0.95
Thrombocytopenia’ 1.690 1.036-2.756 0.03
Neutropenia? 0.660 0.351-1.241 0.19

1 (<50 x 109L1)
2 (<0.5x109L-1)

in the AZA cohort. The time threshold for the Landmark analysis
has been chosen so that the most relevant part of the information
(response to therapy) is acquired by that time-point. As response
was evaluated after 2-4 courses of therapy, a 3-month Landmark
analysis was performed. Differences were considered to be statis-
tically significant when two-sided P-values were <0.05. Statistical
analysis was performed with SPSS statistical package (SPSS Inc.,
Chicago, IL, USA).

3. Results

The most common WHO [22] subtype was refractory cytope-
nia with multilineage dysplasia (RCMD; n =34; 38.6%). Patients in
the AZA cohort tended to be older (median age 74 vs. 70; P=0.26),
included more patients with refractory anemia with excess of
blasts-1 (RAEB-1; 63% vs. 20%; P<0.001), a higher rate of transfu-
sion dependency (96% vs. 80%; P=0.06), higher IPSS score (IPSS=1;
69% vs.30%; P=0.01), more patients with absolute neutrophil count
(ANC)<0.5 x 109L~1 (39% vs. 18%; P=0.06) and a higher BM blast
percentage (4-9%; 67% vs. 29.5%; P<0.001). No significant dif-
ferences in severe thrombocytopenia was documented between
groups, being <50 x 10° L-1 in 48% and 47.5% of patients in the AZA
and non-AZA cohorts, respectively (P=0.7). According to the recent
IPSS-R score, only 7% patients who received AZA were low risk as
compared to 41% (P=0.001) and 51% were categorized as high risk
vs. only 11.5% in the non-AZA cohort (P<0.001).

Cytogenetic analysis was reported according to the Interna-
tional System for Human Cytogenetic Nomenclature [23] (ISCN)
and classified according to IPSS categories [3] and the recent
comprehensive cytogenetic scoring system for primary MDS [5].
Overall, 81.9% of the patients displayed a normal karyotype. No dif-
ferences were noticed in the distribution of cytogenetic evaluation
between the AZA and non-AZA groups. Risk scores in MDS patients
were calculated according to IPSS [3], IPSS-R [4] and the lower-risk
score proposed by our institution as previously defined [9].

Median time from diagnosis to AZA therapy was 4 months
(range: 0.5-21). Median courses of AZA therapy were eight (range:
1-30). At last follow-up, 72 patients (81%) had died (55/61; 90% and
17/27; 63% for the non-AZA and AZA groups, respectively).

3.1. Response to AZA and survival analysis

The overall response rate (ORR=CR/PR/HI) in the AZA cohort
was 40.7% (CR: 20%, PR: 8%, HI: 12%). Response was evaluated
between second and fourth courses of therapy in all cases. After
a median follow-up of 17 months, the projected actuarial OS for
the overall series was 40% and median OS was 18 months. By con-
ventional Kaplan-Meier plots, the actuarial probabilities of OS at 1
and 2 years were: 62.4% and 45% for AZA-treated patients and 25.4%
and 11% for non-AZA treated patients (P=0.001). In a multivariable
analysis including BM blast % (<4% vs. 4-9%), neutropenia (<0.5 vs.
>0.5 x 102 L-1), thrombocytopenia (<50 vs. >50 x 10° L-1) and AZA
treatment as time-dependent covariate, the later did not showed
statistical significance (hazard ratio [HR]=1.502, 95% confidence
interval [CI], 0.258-3; P=0.258). Only severe thrombocytopenia
(<50 x 109 L-1) appeared to be significant in multivariable time-
dependent analysis with a negative impact on OS (HR=1.690, 95%
Cl,1.036-2.756; P=0.03, Table 4). In a multivariable analysis includ-
ing response to AZA therapy also as time-dependent covariate (CR,
PR or HI); patients who achieved any type of response had a signifi-
cantly reduced risk of death when compared to those not achieving
response to AZA and those treated with BSC and/or ESA (HR=0.234;
95% CI, 0.063-0.863; P=0.029, Table 4). As response was evalu-
ated after 2-4 courses of therapy, a 3-month landmark analysis was
performed. This analysis showed a survival advantage for patients
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Fig. 1. Kaplan-Meier survival plot. Three-month Landmark analysis. AZA indicates azacitidine; BSC, best supportive care; BSC/ESA, best supportive care and erythropoiesis-

stimulating agents.

treated with AZA as compared to non-AZA cohort (median OS: 10
months [non-AZA] vs. 23 months [AZA]; P=0.005). The estimated
OS rate at 12 and 24 months was: 31.5% and 5.7% for the non-AZA
group and 62.4% and 45.1% for the AZA group, respectively (Fig. 1).
Progression to acute myeloid leukemia (AML) occurred in 24.6%
of patients who did not receive AZA and 14.8% for AZA-treated
patients (P=0.19). Hematological toxicity related to AZA was not
assessed as the majority of patients had significant clinically anemia
(96%), neutropenia with ANC<0.5 x 10° L~ (39%) and thrombocy-
topenia<50 x 10° L-1 (48%) at the time of initiation of AZA. As for
data available, skin reaction after subcutaneous administration was
the most common toxicity (all of them grade <2). No death-related
to AZA was reported.

4. Discussion

Azacitidine (Vidaza®; Celgene Corporation, Summit, NJ, USA)
was approved on 2004 by the U.S. Food and Drug Administra-
tion [24] for patients with all subtypes of MDS based on response
rate, reduction of transfusion dependence, decreased risk of pro-
gression to AML, improvement of quality of life and increase in
overall survival compared with supportive care; whereas in Europe
is only licensed for intermediate-2/high risk IPSS patients ineligible

Table 4

Multivariate analysis for OS with response as a time-varying covariate.
Parameter HR 95% CI P
AZA treatment 1.606 0.754-3.420 0.22
Blasts 4-9% 0.828 0.487-1.409 0.48
Thrombocytopenia' 1.649 1.012-2.687 0.045
Neutropenia? 0.674 0.363-1.253 0.21
Overall response (CR/PR/HI) 0.234 0.063-0.863 0.029

CR indicates complete remission; PR, partial remission; HI, hematological improve-
ment.

T (<50 x10°L1)

2 (<0.5x10°L1)

for hematopoietic stem cell transplantation. In these IPSS cate-
gories, as well as in low-blast percentage AML by WHO criteria [25]
(RAEB in transformation according to the French-British-American
classification), AZA has resulted in an improved survival when com-
pared to conventional care regimens in a randomized phase III trial
[26]. AZA has also been tried in lower-risk MDS subtypes accord-
ing to the IPSS [3] and its use in this group of patients has been
evaluated in several prospective and retrospective studies. Most of
theses studies were not specifically designed to evaluate AZA in a
group of lower-risk disease and data came from additional analysis.
A subanalysis from a randomized study of the cancer and leukemia
group B (CALGB) evaluating patients with LR-MDS treated with
AZA (7 days schedule) showed an ORR of 59% and survival advan-
tage as compared to patients who received supportive care [13,14].
Also, different schedules of AZA dosing have been prospectively
evaluated, particularly in a group of lower-risk disease, with pri-
mary endpoint of clinical response and transfusion independence,
achieved in up to 60% of patients [15]. A recent prospective, multi-
center, phase Il study in low and intermediate-1 IPSS MDS patients
showed an ORR of 47% [16]. However, population of patients from
this analysis with LR-MDS significantly differs from the group of
patients herein reported in our analysis. Most of those patients
had an IPSS score <0.5 (72%), and only 12% were platelet transfu-
sion dependent; meaning that only a small fraction of them would
meet criteria previously reported as having adverse LR-MDS fea-
tures. In addition, median time from diagnosis to therapy with AZA
was 20 months, significantly longer than the expected median OS
for the population of patients reported in the two prognostic mod-
els for LR-MDS with poor risk features (13-14 months) [8,9]. Also,
no patient from this study progressed to AML as compared with
the same percentage (14%) reported in both prognostic models for
LR-MDS [8,9]. The Nordic MDS Group sponsored a phase II trial in
low and intermediate-1 IPSS MDS patients refractory or with low
probability of response to erythropoiesis-stimulating agents (ESA)
[17]. Thirty patients dependent on red blood cell transfusion were
enrolled. Severe thrombocytopenia (<30 x 10L~1) or elevated blast
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count was present in only three and four patients, respectively.
Primary end point was defined as transfusion independence and
erythroid response was 30%, lower than reported in prior reports
attributed to the selection of resistant patients to ESA. None of the
previous studies have assessed the role of AZA, and moreover, its
possible impact on survival on lower-risk MDS patients with spe-
cific adverse risk score [8,9]. Only a retrospective study conducted
in Italy in patients with lower-risk MDS [18] analyzed clinical
responses focusing in the subgroup that displayed adverse risk
score according to the M.D. Anderson model [8]. Only 18 patients
had adverse specific adverse score for lower-risk patients, with a
reported ORR of 33.3% and projected OS after 15 months median
follow-up of 48.7%.

In this multicenter retrospective study conducted in Spain, a
total of 27 patients with lower-risk MDS and adverse clinical fea-
tures according to a recently published risk score for lower-risk
disease (category 3, score>>5; expected median OS: 13 months,
and estimated 4-year survival: 10%) received AZA in a compassion-
ate program and were compared to a historic cohort of patients
(n=61) that served as the basis for the development of the progno-
stic score for lower-risk MDS [9]. Most of patients who received
AZA were older than 70 years, were transfusion dependent on red
blood cells (96%), almost a third of them had BM blast ranging from
4 to 9% and half of them had severe thrombocytopenia; parame-
ters all considered to be related to an adverse outcome [8,9]. In
addition, over a half of them would be considered as high risk cate-
gory by IPSS-R although none of these patients, as well as patients
in the non-AZA cohort, had cytogenetic categories other than
good/intermediate by the IPSS [3] or very good/good/intermediate
by the recent classification of cytogenetics used for the IPSS-R
[4].

AZA showed an ORR in up to 40% of these patients with classic
lower-risk disease by IPSS but with unfavorable parameters with
significant impact on survival [8,9]. Moreover, 40% of patients in
the AZA cohort were alive after a median follow-up of 17 months.
These median follow-up was significantly longer than the expected
median OS for the comparison cohort in which only BSC and/or
ESA were offered (13 months median OS for patients with score for
LR-MDS ranging 5-7 points) [9].

These data, although retrospective and limited number of
patients included, with the potential bias inherent in this type
of analysis, should reconsider the current recommendation that
active therapies (other than BSC, ESA) must not be offered to
lower-risk MDS patients until disease progression, or alternatively,
been considered as high-risk MDS patients. In fact, a study con-
ducted in 274 LR-MDS patients showed that as high as 85% of
all deaths in this patient population were related to the under-
lying disease rather than other unrelated causes [27]. Therefore,
identification of patients with poor prognosis according to the
risk models for LR-MDS could be considered, or candidates, in
the context of clinical trials if possible, for early intervention.
Also, design of trials and evaluation of novel therapies for lower-
risk MDS, should consider this patients separately from the rest
of lower-risk disease. In this setting, a novel oral formulation
of AZA is currently being tested in patients with lower-risk
MDS with transfusion dependency and severe thrombocytope-
nia in an international multicenter phase Il randomized trial
(NCT01566695).

In summary, very limited data regarding the efficacy of AZA in
lower-risk MDS patients within the most adverse specific lower-
risk model are available to date. In this subset of patients and using
multivariable time-dependent analysis, AZA appeared to increase
survival in those who achieved some degree of hematological
response (CR, PR or HI). Larger number of patients and prospec-
tive randomized trials considering early intervention are needed
to better address this issue. Thrombocytopenia (<50 x 10° L-1) was

confirmed as the most significant clinical parameter with impact on
outcome in lower-risk MDS categories.
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