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Abstract
The outcome of high-risk myelodysplastic syndrome (MDS) patients treated with 5-azacitidine (5-AZA) in the real-life setting
remains largely unknown. We evaluated 110MDS patients (IPSS intermediate 2/high) treated outside of clinical trials at a single
institution between September 2003 and January 2017. Median duration of therapy was 9.5 cycles. The overall survival (OS) of
the whole cohort was 66.1% at 1 year and 38.3% at 2 years. No differences in terms of OS were observed with regard to gender
(p = 0.622) and age at baseline (< 65 years, 65–75, and > 75 years, p = 0.075). According to the IPSS-R, the very high-risk group
had an inferior 2-year OS (17%) compared with intermediate-group patients (64%, p < 0.001). Transfusion independency at
baseline was identified as a favorable prognostic factor on 1-year (66.8%) and 2-year OS (43.4%) (p < 0.001). After four cycles,
the persistence of bonemarrow blasts > 10% identified patients with a worse outcome, with a 2-year OS of 9.4% (p = 0.002). The
occurrence of an infection during the first four cycles impacted on the 2-year OS (31.6% vs 58.3% in patients without infections,
p = 0.032). Patients receiving at least 24 cycles of the drug have a 5-year OS of 38.2%. This analysis allowed to identify features
at baseline or during treatment with 5-AZA associated with a different 2-year OS.
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Introduction

Myelodysplastic syndromes (MDS) are a group of clonal he-
matologic disorders that mainly affect elderly people and are
characterized by cytopenias, ineffective hematopoiesis, and an
increased risk of evolution into an acute myeloid leukemia
(AML) [1, 2]. The prognosis of individuals with MDS is very
heterogeneous and accurately estimated by universally

accepted prognostic scoring indexes such as IPSS, IPSS-R,
and WPSS, which are able to stratify different risk groups in
terms of overall survival (OS) and risk of AML evolution
[3–5]. 5-Azacitidine (5-AZA) has changed the therapeutic ap-
proach to intermediate 2/high IPSS risk MDS by improving
the outcome of patients, even in the absence of a complete
response. 5-AZA is a cytidine analogue, which inhibits a
group of enzymes called DNA methyltransferases (DNMTs)
and subsequently leads to the demethylation of the cytosine
residues in the promoter-associated CpG islands. The hypo-
methylation and subsequent reversal of the transcriptional in-
hibition of important tumor suppressor and DNA repair genes
is believed to represent the main mechanism of action [6].
Approximately 80–90% of 5-AZA is processed through the
entire sequence and incorporated into RNA. This ultimately
disrupts mRNA and protein metabolism, leading to apoptosis.
A smaller fraction (10–20%) of AZA is converted to
decitabine triphosphate: in this form, it is incorporated into
DNA and covalently binds DNA methyltransferases
(DNMTs), thereby inhibiting the activity of these proteins
[7]. Real-life experiences in MDS patients treated with 5-
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AZA have reported contrasting results compared with the
sponsored AZA001 randomized study [8–10]. Aim of our
analysis was to identify the clinicobiologic features at baseline
and during treatment associated with a 2-year OS and
progression-free survival (PFS) in a consecutive cohort of
MDS patients treated with 5-AZA outside of clinical trials.

Patients and methods

We retrospectively analyzed 110 consecutive MDS patients
(IPSS intermediate 2/high risk) treated outside of clinical trials
at a single institution with 5-AZA between September 2003
and January 2017. Diagnosis was carried according to the
WHO 2016 criteria [11]. Baseline clinical and biologic fea-
tures were collected in a specific database, including cytoge-
netics, morphologic diagnosis, IPSS, WPSS, IPSS-R stratifi-
cation, and comorbidities. 5-AZAwas administered at a dose
of 75mg/m2 according to the 5 + 2 + 2 schedule every 28 days.
Responses were evaluated according to the IWG 2006 criteria
[12]. Continued variables were expressed as median, whereas
categorical variables as frequencies. OS and PFS (considering
only leukemic progression) curves were generated using the
Kaplan-Meier method, and the log-rank tests were used to
compare subgroups of patients. None of the patients reported
received investigative therapies in case or relapse or nonre-
sponse. A significant p value was expressed as < 0.05. All
statistical analyses were performed using the BR Project for
Statistical Computing^ version 3.5.0 software.

Results

Characteristics of patients

The baseline demographic, clinical, and treatment character-
istics were recorded and are summarized in Table 1. The me-
dian age was 70 years (range 38–85). A male predominance
was observed (male/female 66%/34%). Only 1 patient re-
ceived another treatment before 5-AZA (lenalidomide),
whereas 61 (55.4%) did not receive any treatment, 21 patients
(19.1%) received vitaminic support, and 8 patients (7.4%)
erythroid-stimulating agents. Thirty-five patients (31.8%)
had no transfusion requirement. According to the IPSS score
stratification, 97 patients (88.2%) were diagnosed as interme-
diate 2 and 13 (11.8%) as high risk. According to the IPSS-R,
4 patients (3.6%) were stratified as low, 18 (16.4%) as inter-
mediate, 46 (41.8%) as high, and 42 (38.2%) as very high risk.
Cytogenetic aberrations were stratified according to the IPSS
risk score, and 75 patients (68.3%) were diagnosed as good
risk, 15 (13.6%) as intermediate, and 20 (18.1%) as poor risk.
The median dose of 5-AZA received was 135 mg/day (range
105–150) after a median time from diagnosis of 2.3 months

(range 0.1–119). Median duration of therapy was 9.5 cycles
(range 4–77) with a median time on treatment of 8.5 months
(range 1–86.7).

Efficacy and outcome

According to the IWG criteria applied after the fourth cycle,
54.5% of patients achieved a complete response (CR), 14.2%
a partial response (PR) (including also 4 patients with an ery-
throid hematologic improvement), and 22.4% a stable disease
(SD) for an overall response rate of 68.7% (Fig. 1). The OS of
the whole cohort was 66.1% (95%CI 57.2–76.4) at 1 year and
38.3% (95% CI 29.4–49.9) at 2 years. PFS at 1 year was
56.7% (95% CI 47.7–67.5) and at 2 years 30.9% (95% CI
22.3–41.6) (Fig. 2). No differences in terms of OS were ob-
served with respect to gender (p = 0.622) or age at baseline (<
65 years, 65–75, and > 75 years, p = 0.075) or different per-
centage of bone marrow blast cells at baseline (p = 0.867)
(Suppl. Fig. 1a). A slight difference was observed in PFS
according to gender (male vs female, p = 0.045), but no dif-
ferences were observed for the different age ranges (p = 0.734)
or different cutoffs of blast cells at baseline (p = 0.611) (Suppl.
Fig. 1b). According to the IPSS-R, 22 (20%), 46 (42.8%), and
42 (38.2%) patients were classified as intermediate, high, and
very high-risk patients, respectively. The very high-risk group
had a significantly inferior 2-year OS (17%) compared with
intermediate-group patients (64%, p < 0.001). IPSS-R identi-
fied also a 30% probability of an acute leukemia evolution in
very high-risk patients (p = 0.051) (Suppl. Fig. 2). No signif-
icant differences were observed according to the IPSS strati-
fication in terms of 2-year OS (intermediate 42% vs high-risk
22%, p = 0.253) and PFS (p = 0.826) (Suppl. Fig. 3). The 2-
year OS according to the IPSS cytogenetic stratification
showed a significantly worse outcome for patients carrying
high-risk aberrations (p = 0.037) (Suppl. Fig. 4). According
to the IWG response, the 2-year OS was 68% in patients
who obtained a CR/PR, 20% in patients with SD, and 16%
in patients with progression disease (PD)/failure (p < 0.001).
Patients with a stable response after four cycles had an in-
creased PFS, similar to that of patients in CR/PR, and sepa-
rated sharply from that of patients who failed treatment (p =
0.001) (Fig. 3). Transfusion independence at baseline was
identified as a favorable prognostic factor on 1-year (66.8%)
and 2-year OS (43.4%) compared with patients with transfu-
sion dependency (36.4% and 22.2% if they required 1
unit/month or more than 1 unit at baseline at 2 years,
p < 0.001). We also evaluated the value of transfusion depen-
dency during treatment, and again patients who required trans-
fusion had a lower OS (< 0.001) (Suppl. Fig. 5). We also
stratified patients according to the MDS-CI and found no dif-
ferences in OS between patients stratified in low (53 patients
or 48.1%), intermediate (38 patients or 34.5%), and high (19
patients or 17.4%) risk (p = 0.064) (Suppl. Fig. 6). After four
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Table 1 Baseline demographic,
clinical, and treatment
characteristics

No of patients = 110

M/F 73/37 (66%/34%)
Median age at diagnosis (range, years) 70 (38–85)
Previous treatments
No 61 (55.4%)
Vitaminic supplementation 21 (19.1%)
Erythropoietin 8 (7.4%)
Vitaminic supplementation + erythropoietin 19 (17.2%)
Lenalidomide 1 (0.9%)

MDS comorbidity index
Low 53 (48.1%)
Intermediate 38 (34.5%)
High 19 (17.4%)

Median time to treatment (months) 2.3 (0.1–119.5)
Hemoglobin (median, gr/dl) 9 (6.2–14.7)
White blood cells × 109/l (median, range) 2.7 (1.2–74.1)
Platelet count × 109/l (median, range) 65 (10–650)

Bone marrow blast percentage (median, range) 13 (0–19)
Transfusion requirement
No 35 (31.8%)
1 UGR/month 8 (7.2%)
> 1 UGR/month 66 (61%)

IPSS
Good 0
Intermediate 1 0
Intermediate 2 97 (88.2%)
Poor 13 (11.8%)

Cytogenetic risk IPSS
Good 75 (68.3%)
Intermediate 15 (13.6%)
Poor 20 (18.1%)

R-IPSS
Very low 0
Low 4 (3.6%)
Intermediate 18 (16.4%)
High 46 (41.8%)
Very high 42 (38.2%)

Cytogenetic risk R-IPSS
Very good 5 (4.7%)
Good 70 (63.6%)
Intermediate 15 (13.6%)
Poor 9 (8.1%)
Very poor 11 (10%)

WPSS
Very low 0
Low 2 (1.8%)
Intermediate 8 (7.2%)
High 84 (76.5%)
Very high 16 (14.5%)

Median cycles of treatment 9.5 (4–77)
Median dose AZA 135 mg/die (945 mg DT × 7 days)
Median duration of treatment (months) 8.5 (0–86.7)
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cycles, the persistence of bonemarrow blasts > 10% identified
patients with a worse outcome, with a 2-year OS of 9.4%
compared with 60.3% for patients with 0–5% blasts and
44.7% for patients with 5–10% blasts (p = 0.002) (Suppl.
Fig. 7). The occurrence of an infection during the first four
cycles had also an impact on the 2-year OS (31.6% vs 58.3%
in patients without infections, p = 0.032) (Suppl. Fig. 8).
Moreover, a subgroup analysis was conducted in 21 patients
treated long term that received at least 24 cycles of 5-AZA.
Median duration of therapy was 34 cycles (range 24–77)
(Suppl. Table 1). Most patients were classified as IPSS inter-
mediate 2 risk (85.7%) with a good cytogenetic risk (81%),
with no transfusion requirement. The overall response rate
was 85.7% (CR 71.4% and PR 14.3%). OS and PFS were,
respectively, 38.2% (95% CI 19.9–73.3) and 58.4% (95% CI
19.9–73.3) at 5 years and 12.7% (95% CI 2.3–71.7) and
38.9% (95% CI 15–100) at 7 years (Suppl. Fig. 9).

Discussion

In view of the contrasting results obtained in MDS patients
treated with AZA outside of clinical trials, we hereby report
the results obtained at our center in a series of MDS patients
treated with AZA in a real-life setting. We observed a 2-year
OS of 38.8%, inferior to that reported in the AZA-001 ran-
domized trial (50.8%, 24.5 months), reflecting a possible pa-
tient selection in clinical trials. Comparing our results with
similar experiences reported in the real-life setting, we ob-
served analogous outcomes. The GFM (Group Francophone
des Myelodysplasies) analyzed 282 high-risk MDS patients
treated with AZA and described, after a median of 6 cycles of
treatment, an OS of 13.5 months, with rates of CR and PR,
respectively, of 38% and 9% [13]. In this study, the transfusion
dependence during treatment, a poor performance status, and
the IPSS cytogenetic risk were indicated as poor prognostic
factors for OS [13]. Bernal et al. [14] reported the GESDM
(Grupo Espanol de Sindromes Mielodisplasicos) experience
in 251 patients, showing a median OS of 13.4 months. The
Spanish group proposed a different explanation that could
help to clarify the apparent discrepancies between the results
of their retrospective comparative study and the AZA-MDS-
001 clinical trial. First, the incidence of IPSS poor-risk cyto-
genetic was higher in this report than that in the AZA-MDS-
001 trial (40% vs 28%, respectively). Furthermore, most of
the chromosome 7 abnormalities were found in the context of
a complex karyotype. Another factor that could have influ-
enced the results of real-life experiences has been the inclu-
sion of patients with therapy-related MDS and the median
number of AZA cycles administered that was inferior to that
reported in the AZA001 clinical trial (6 vs 9). Another expe-
rience was reported by the Canadian registry on a large cohort
of 1101 patients affected by high-risk MDS and low blastFig. 2 OS and PFS of the whole cohort

54.5

14.2

22.4

2.5
6.4

CR PR SD PD FAILURE

Fig. 1 Responses (%) after the fourth cycle according to IWG criteria
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count AML, treated in Ontario, that showed an OS of
11.6 months and rates of CR and PR of 49% and 31%, respec-
tively [15]. A large analysis collected through SEER-
Medicare linked database on 2025 patients treated with
hypomethylating agents (AZA and decitabine) showed a me-
dian OS of 15 months, substantially shorter if compared with
AZA-001 trial and of 12 months if limited to RAEB patients
[16].

In our study, no differences in terms of OS were observed
with regard to gender, age, and bone marrow blast percentage
at baseline. Comorbidities have an important role at baseline
to tailor treatment strategies also in MDS: a prognostic score,
the MDS-CI, which has been recently validated in order to
provide information on OS and on risk of nonleukemic mor-
tality, identified three different risk groups. Very few analyses
have been performed on the impact of the comorbidity burden
in patients treated with AZA. We applied the MDS-CI score
on our patient population and did not observe differences in
terms of OS, results in line with those reported by the Rete
Ematologica Lombarda (REL), that indeed included also pa-
tients with 20–30% of bone marrow blasts [17], confirming
that AZA treatment appears feasible even in the presence of
well-known comorbidities recognized as influencing the OS
in MDS patients. In our study, a better outcome has been
observed in the good and intermediate cytogenetic risk groups
according to IPSS. The adverse OS of patients with poor-risk
karyotype suggests that these patients may have a clinical
response to AZA, but they still have a poor prognosis and
probably require an intensified treatment with combinations
of drugs. Both our results and previously published data by the
French group [10] show that the relatively favorable outcome
of patients with 7/del7q cytogenetic aberrations is restricted to

patients without a complex karyotype, suggesting, whenever
possible, AZA as a bridge-to-transplant in this setting.

Unlike the real-life experiences reported in the literature,
we also explored the weight of transfusion dependency at
baseline. We identified that transfusion independency at base-
line was a favorable prognostic factor on 1- (66.8%) and 2-
year OS (43.4%) compared with 36.4% and 22.2% in patients
who required 1 unit/month or more than 1 unit/month at base-
line (p < 0.001).

With regard to response evaluated according to the IWG
criteria, the 2-year OS was 68% in patients who obtained a
CR/PR, 20% in patients with SD, and 16% in patients with
PD/failure (p < 0.001). Indeed, a SD seems to correlate with
prolonged PFS, suggesting that continuing therapy in this
category of patients may prolong the evolution to acute
leukemia.

An intermediate bone marrow blast determination ap-
pears in our series to bear prognostic implications. We sug-
gest bone marrow evaluation after four cycles and propose a
cutoff of 10% of bone marrow blasts to identify patients
with a good long-term outcome after four cycles of treat-
ment: the 2-year OS was 9.4% in patients with > 10% blasts
compared with 60.3% for patients with 0–5% blasts and
44.7% for patients with 5–10% blasts (p = 0.002). This in-
formation has so far not been reported, and only the GFM
group [10] showed a possible poor outcome associated with
15% blasts in the peripheral blood. No bone marrow data
were provided. We believe that our proposed cutoff may
help physicians to stratify patients after four cycles with a
poor prognosis and candidate them, whenever possible, to a
more intensive therapy, including eventually an allogeneic
transplantation or combination approaches.

Fig. 3 OS and PFS according IWG response after the fourth cycle
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In our study, the occurrence of one infective episode during
the first four cycles negatively impacted on the 2-year OS
(31.6% vs 58.3% in patients without, p = 0.032). A German
retrospective cohort of patients treated with AZAwas report-
ed, and infectious complications were more frequently report-
ed during the first 3 cycles, but preexisting comorbidities and
IPSS-R stratification seem to have no influences as compared
indeed with age and achieved hematologic responses [18]. In
another study on 184 patients treated with AZA, unfavorable
cytogenetics and low platelet and neutrophil count (less than
0.5 × 109/l) seem to be predictive of infection risk. The authors
suggested to evaluate the risk before each cycle and a prophy-
laxis only for unfavorable cytogenetics at baseline [19]. In our
experience, even patients without high-risk cytogenetics at
baseline experienced infective episodes during the fourth cy-
cle; therefore, in the absence of randomized comparison, we
cannot suggest antiinfective prophylaxis.

Lastly, we conducted a subanalysis on 21 long-term-treated
patients who received at least 24 cycles of AZA. With a me-
dian of 34 cycles of treatment, the overall response rate was
85.7% (CR 71.4% and PR 14.3%). OS and PFS were respec-
tively 38.2% and 58.4% at 5 years and 12.7% and 38.9% at
7 years. It appears that a good karyotype and the absence of
transfusion requirement at baseline are associated with a long-
term treatment possibility. A limitation of our study is in the
retrospective nature and the absence of other genetic informa-
tion, such as molecular characteristics at baseline. About mo-
lecular characterization, other contrasting results were report-
ed by Kuendgen et al.: they showed that AZA efficacy is
independent of molecular and clinical features at baseline in
128 patients and suggested that other results reported in liter-
ature demonstrating the increased or decreased effect of the
drug by molecular stratification are inconsistent and did not
translate into improved survival [20].

In conclusion, our data confirm that AZA treatment in an
unselected MDS population is well tolerated. Owing to the lack
of definitive results that can define molecular features associated
with good/poor clinical outcome in MDS patients treated with
AZA, this real-life analysis allowed to define clinicohematologic
features at baseline and during treatment with AZA associated
with clinical response and survival and to identify patients who
require treatment intensification. Further real-life studies aimed at
validating these features are warranted.
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