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Abstract. Patients with high‑risk myelodysplastic syndromes 
(MDS) treated with azacitidine (AZA) have exhibited 
improved overall survival. However, information on AZA in 
real‑world settings is limited. The present study retrospec-
tively analyzed 85 patients with MDS treated with AZA. 
Complete response was achieved in 24% of cases and hemato-
logic improvement in 29%. Severe adverse events (grade ≥3) 
included neutropenia and infection. Multivariate analysis iden-
tified higher revised international prognostic scoring system 
(IPSS‑R) and male sex as significant factors affecting survival. 
However, the present study did not identify any significant 
associations between patient characteristics and response 
to AZA. In conclusion, AZA could produce a hematologic 
response in ~53% of patients with MDS. Furthermore, IPSS‑R 
may reflect MDS prognosis. Further studies are required to 
establish the criteria for identifying patients likely to obtain 
maximum benefit from AZA treatment.

Introduction

Myelodysplastic syndromes (MDS) are hematopoietic stem 
cell disorders characterized by ineffective hematopoiesis and 
peripheral blood cytopenia. Degrees of cytopenia, increasing 
bone marrow blasts and cytogenetic abnormalities reflect the 
risk of progression to acute myelogenous leukemia, and are 
incorporated into prognostic scoring systems (1). The median 
age of diagnosis is 70‑79 years (2). Therefore, patients in this 
age group are mostly ineligible for transplantation. Introduction 

of a novel hypomethylating agent, azacitidine (AZA), caused a 
stir in MDS treatment strategy. High‑risk MDS patients have 
shown improved overall survival (OS) when treated with the 
hypomethylating agent AZA compared with conventional 
therapies (1). A phase 1/2 study of AZA‑7 in Japan demon-
strated that AZA was effective, safe, and well tolerated in MDS 
patients (2). Based on these results, AZA was approved for 
MDS in all‑risk groups in Japan in 2011, and has since become 
the first‑line treatment for transplant‑ineligible high‑risk MDS 
patients. However, Japanese post‑marketing data assessing the 
safety and efficacy of AZA in real‑world settings are currently 
limited. We here report the results for patients with MDS 
patients treated with AZA in a real‑world setting.

Patients and methods

Patients. In this retrospective study, transplant‑ineligible patients 
with MDS were treated with AZA at two hematology centers, 
Kansai Medical University Hospital and Kansai Medical 
University Medical Center, between June 2012 and August 2018. 
MDS subtypes were defined according to the World Health 
Organization (WHO) 2016 criteria (3). Risks were assessed using 
the revised international prognosis scoring system (IPSS‑R) (4). 
Patients who received a transplant were excluded. In our facility, 
indication for transplant is patient with high risk in IPSS‑R, 
under 60 years old, without serious complications. This study 
was conducted in accordance with the Declaration of Helsinki 
and the requirements of the institution's review board.

Treatment regimens. Patients received one cycle of AZA treat-
ment consisting of 75 mg/m2/day for 5 or 7 days per month 
without any chemotherapy, according to phase III study1. Two 
types of alternative scheduling were used at the treatment sites 
because weekend treatment was not possible: a 5‑day regimen 
consisting of 5  days of AZA treatment with no weekend 
treatment, and a 7‑day regimen consisting of 5 days of AZA 
treatment with no weekend treatment, followed by 2 further 
days of AZA treatment. Patients with neutropenia received 
antimicrobial prophylaxis. The red blood cell and platelet 
transfusion thresholds were as follows: Hemoglobin level 
<7 g/dl and platelet count <20x109/l, respectively. We did not 
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use granulocyte‑colony stimulating factor (G‑CSF) and other 
stimulating factors as a standard therapy.

Response criteria. Efficacy was measured using complete 
remission (CR), hematologic improvement (HI), stable disease 
(SD), and failure, as defined by the International Working 
Group (IWG) 2006 criteria (5). 

However, not all patients in our cohort underwent bone 
marrow examination to evaluate response. We confirmed 
CR was patients who compatible to IMG criteria with evalu-
ation by bone marrow exam, and HI included patients who 
compatible to IMG criteria without bone marrow evaluation. 
The timing of evaluation was various, so we evaluated best 
response.

Evaluation of safety. Toxicity was evaluated according 
to the Common Terminology Criteria for Adverse Events 
(AEs) (CTCAE4.0) [http://ctep.cancer.gov/protocolDevelop-
ment/electronic_applications/ctc.htm#ctc_40].

Statistical analysis. The primary end point is OS. OS was 
calculated from the start of AZA treatment until the time 
of death or the last clinical follow‑up. Survival curves were 
generated using the Kaplan‑Meier method, and differences 
were evaluated using the log‑rank test. Multivariate Cox 
proportional hazards models were used to determine whether 
baseline characteristics were associated with OS. Associations 
between baseline characteristics and response were analyzed 
using Fisher's exact test. To determine if correction of cyto-
penia improved OS, a time‑dependent Cox model was used to 
assess the prognostic impact of achieving CR and HI.

All statistical tests were two‑sided, statistical significance 
was defined as P<0.05, and 95% confidence intervals (CI) 
were calculated. All statistical analyses were performed using 
EZR (Saitama Medical Center, Jichi Medical University, 
Saitama,  Japan), which is a graphical user interface for R 
version 2.13.0 (The R Foundation). Specifically, EZR is a 
modified version of R Commander (version 1.6‑3), which adds 
statistical functions frequently used in biostatistics (6). 

Results 

Patient characteristics. The clinical characteristics of the 
patients (n=85; median age, 73 years, range, 50‑95 years; 59% 
male) included in this study are shown in Table I. Patients were 
classified according to the 2016 WHO Classification as follows: 
Acute myeloid leukemia (AML) with myelodysplasia‑related 
changes [27%; the 2016 WHO classification for AML notably 
includes the French American British classification of MDS 
as refractory anemia with excess blasts in transformation 
(RAEB‑T)], MDS with excess blasts type 1 (18%), MDS with 
excess blasts type 2 (8%), myelodysplastic/myeloproliferative 
neoplasm (16%), therapy‑related myeloid neoplasms (5%), and 
others (2%). The median number of AZA cycles was seven 
[standard deviation (SD): 2‑54]. Forty‑five percent of patients 
were treated using the 5‑day regimen. The median follow‑up 
period was 12.0 (SD: 1.2‑73.6) months.

Treatment outcomes. CR was achieved in 24% of patients, HI 
in 29%, and SD in 41 and 6% of patients had treatment failure 

according to the IWG criteria (Fig. 1A). In patients with HI, the 
specific responses of cytopenia in the three lineages were as 
follows: Erythroid (HI‑E) in one patient, platelet response (HI‑P) 
in 12 patients, and neutrophil response (HI‑N) in three patients. 
Two‑lineage responses were as follows: HI‑E and HI‑P in one 
patient, HI‑P and HI‑N in seven patients, and HI‑E and HI‑N in 
one patient (Fig. 1B). The median OS was 22.7 months (12.5‑28.7). 
The median OS according to response was as follows: 24.9 months 
(12.4‑not achieved) for both CR and HI and 15.9 (8.9‑25.2) 
months for both SD and failure (P=0.146). The prognostic clas-
sification of MDS regarding survival was made using IPSS‑R, 
and the median OS was as follows: Not available for very low 
and low, 31.6 months for intermediate, 23.0 months for high, and 
12.0 months for very high (P=0.09) (Fig. 2). 

Toxicity. Severe AEs (grade ≥3) were neutropenia (n=16) and 
infection (n=16). Five patients died from severe infection. 
Other hematological AEs were thrombocytopenia (n=8) and 
anemia (n=5). Non‑hematological AEs were grade 3 renal 
failure (n=1) and grade 3 febrile neutropenia (n=2).

Predictors for survival. We carried out multivariate analysis 
of OS to identify the clinical factors that defined patients who 
achieved improved outcomes after AZA treatment (Table II). 
We evaluated age >75 years, male sex, 7‑day regimen, RAEB, 
and IPSS‑R ≥high. Male sex and IPSS‑R ≥high were signifi-
cantly associated with OS [hazard ratio (HR): 1.97 (95% CI: 
1.20‑3.81], P=0.043; HR: 2.71 (95% CI: 1.21‑5.30), P=0.005; 
respectively) (Table II). 

Other factors including AEs dropped out after backward 
stepwise selection. We also performed Fisher's test to identify 
the basic characteristics of patients who responded. However, 
we failed to find any significant associations between patient 
characteristics and response to AZA (Table III).

Influence of HI on OS. To determine if correction of cytopenia 
improved OS, we assessed the prognostic impact of achieving 
CR and HI using a time‑dependent Cox model (Table IV). 
However, we failed to find any significant associations between 
response and OS. 

Discussion

In this retrospective study, we analyzed the outcomes of 
patients with all‑risk transplant‑ineligible MDS following 
treatment with AZA in a clinical setting. The results suggested 
that AZA administration was effective, with an overall 
response rate of >50%. 

AZA has been studied in patients with higher‑risk MDS 
in two major randomized multicenter trials, with median 
survivals of 21 months in CALGB9221 (7) and 24.5 months 
in AZA‑001 (1). The median survival in the current study was 
comparable (22.7 months), even though our cohort included 
all‑risk patients and more elderly patients than the trials. 
No reports to date have evaluated the effect of AZA using 
IPSS‑R. Most patients in the current cohort were high‑ or 
intermediate‑risk according to IPSS‑R, and OS according 
to IPSS‑R classification revealed that high‑risk patients had 
poorer OS, though IPSS‑R classification showed no difference 
in response to AZA using Fisher's exact analysis. This suggests 
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that IPSS‑R reflects the outcome of MDS but not the efficacy 
of AZA treatment, i.e., the prognosis of MDS is largely related 
to chromosomal abnormalities, but treatments are not. 

More patients who achieved HI also achieved platelet 
recovery, suggesting that the effects of AZA might be predicted 
by platelet recovery. van der Helm et al  (8) reported that 
platelet doubling after the first cycle of AZA might be a useful 
indicator of AZA efficacy. In our study, the median number of 
AZA cycles required to achieve HI was three, suggesting that 
early platelet recovery may be a useful predictor of response. 
However, there were few responders in terms of erythroid 
recovery. AZA was approved for all‑risk MDS in Japan in 
2011, before the approval of erythropoiesis‑stimulating agents 
(ESAs) for low‑risk MDS. Unlike in western countries, some 
patients therefore initially received AZA without ESA, which 
might affect the erythroid recovery response in Japan. If ESAs 
were used prior to AZA, the erythroid recovery may have been 
different. We assessed the influence of HI on OS but failed 
to find any significant associations between response and OS. 
However, we think the most benefit of using AZA is reduc-
tion of number of transfusions. We did not assess the quality 
of life (QOL) improvement, however, reduction of number of 
transfusions might have improved patient's QOL.

The recommended schedule for AZA administration is 
75 mg/m2 for 7 consecutive days every 28 days. However, a 
7‑consecutiv day regimen is difficult to administer in the 

Figure 2. Median overall survival time according to IPSS‑R. The P‑value 
shown is the value obtained when testing the null hypothesis that all five 
groups have the same survival rate. NA, not available.

Figure 1. Treatment outcomes. (A) Response to azacytidine. CR was achieved 
in 24% of patients, HI was achieved in 29% of patients, 41% of patients had 
SD, and 6% of patients had failure according to the International Working 
Group criteria. (B) Specific responses of cytopenia in the three lineages. CR, 
complete response; HI, hematologic improvement; SD, stable disease; HI‑E, 
hematologic improvement in erythroid; HI‑P, hematologic improvement in 
platelet; HI‑N, hematologic improvement in neutrophil.

Table I. Patient characteristics.

Variable	 Value (n=85)

Median age, years (range)	 73 (50‑95)
Male, %	 59
PS 0/1, %	 86
Diagnosis, %	
  MDS‑RS	 18
  MDS‑EB‑1	 24
  MDS‑EB‑2	   8
  MDS/MPN	 16
  t‑MN	   5
  AML with myelodysplasia‑related changes	 27
  (RAEB‑T in FAB)
  Others	   2
IPSS‑R, %	
  Very low	   2
  Low	 11
  Intermediate	 29
  High	 31
  Very high	 27
  Median cycle, n (range)	 7 (2‑54)
5 days regimen, %	 45
Median follow‑up periods, months (range)	 12.0 (1.2‑73.6)

PS, performance status; MDS‑RS, myelodysplastic syndromes with 
ring sideroblasts; MDS‑EB, myelodysplastic syndromes with excess 
blasts; MDS/MPN, myelodysplastic/myeloproliferative neoplasms; 
t‑MN, therapy‑related myeloid neoplasms; AML, acute myeloid 
leukemia; RAEB‑T, refractory anemia with excess blasts in trans-
formation; FAB, French American British classification; IPSS‑R, 
revised international prognosis scoring system.
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clinic because weekend administration is often not possible. 
Our study sites thus adopted alternative schedules of either 
5‑ or 7‑day regimens. There was no significant difference in 
efficacy between these two regimens according to univariate 
analysis, multivariate analysis for survival, or Fisher's exact 
test for response. 

Despite numerous studies, the optimal schedule of AZA 
administration is currently unclear. Fujimaki et al (9) reported 
a retrospective study in which 52% of patients (high‑risk 
MDS) achieved HI with the 5‑day schedule. Morita et al (10) 
reported a phase 2 study in low‑risk MDS patients in which 
47.1% of patients achieved HI and 21.6% achieved CR with 

the 5‑day regimen. Lyons et al (11) compared three different 
regimens (5 day, 5‑2‑2 days, and 5‑2‑5 day), and reported 
no significant difference in response. Although it is too 
early to draw conclusions regarding the optimal treatment 
regimen, current data suggest that the regimen length may not 
significantly affect prognosis.

We analyzed the basic characteristics of the patients in 
relation to response to AZA using Fisher's exact test, but 
failed to find any significant associations between patient 
characteristics and AZA treatment response. The patient char-
acteristics predicting response to AZA thus remain unknown. 
We also identified the baseline characteristics associated with 
survival by multivariate analysis. It revealed that male sex and 
a high‑risk IPSS‑R classification had high HRs for survival. 
As we described above, this suggests that IPSS‑R reflects the 
prognosis of MDS but not the efficacy of AZA treatment. 
Lifestyle and habits such as tobacco and alcohol have been 
reported to increase the prevalence of MDS, which may 
contribute to the worse prognosis of men (12).

In our study, five patients died of infection after AZA 
treatment. None of these patients showed a response, all had 
stable disease, and all developed neutropenia due to AZA. In 
practice, some patients continue AZA even if they do not show 
a response. The guidelines recommend that, in the absence of 
any alternative, transplant‑ineligible patients should continue 
AZA until progression, potentially resulting in unplanned 
treatment and subsequent neutropenia. We suggest that 
this mortality rate may thus reflect the real‑world setting. 
Beguin et al (13) reported that six of 99 patients died of AEs, 
though they did not describe the AEs in detail. 

This study had some limitations, including its retrospective 
design, the small number of study sites, and small sample size. 
In this study, we excluded transplant eligible patients, consid-
ering that it might be difficult to evaluate the effectiveness 
of AZA alone. Conversely, it may include worse conditioned 
patients who cannot undertake transplant, that might become 
the selection bias.

According to the National Comprehensive Cancer Network 
guidelines for low‑risk MDS (14), AZA treatment is recom-
mended after failure of ESA treatment. As previously stated 
however, AZA was approved prior to ESA in Japan, and some 
patients in our study thus received AZA without prior ESA 
treatment. The 2016 WHO classification of AML with myelo-
dysplasia‑related changes includes MDS as RAEB‑T in the 
FAB classification. In clinical practice, patients belonging to 
this category are treated with AZA, and we therefore included 
this group in our study. Not all patients in our cohort under-
went bone marrow examination to evaluate response, and we 
could therefore not judge ‘partial remission’ or ‘marrow CR’, 
which require precise bone marrow blast counts. We therefore 
used CR, HI, SD, and failure to evaluate outcomes in this 
study. Furthermore, the timing of evaluation was various, and 
it depended on physicians' decision. We picked up the best 
response retrospectively. This is because there is no criteria 
of evaluation of AZA. We are not certain when AZA shows 
the effectiveness. This point needs to be clarified in the 
prospective trials.

In conclusion, the results of this study suggest that all‑risk 
transplant‑ineligible MDS patients may benefit from AZA 
treatment. IPSS‑R risk category may not reflect the efficacy of 

Table III. Results of Fisher's exact test investigating the asso-
ciation of variables with the response to AZA.

Variables	 Odds ratio	 95% CI	 P‑value

Age ≥75 years	 1.09	 0.44‑2.72	 0.854
Age <75 years	 1		
Male	 1.22	 0.50‑3.01	 0.667
Female	 1		
7 day regimen	 0.70	 0.28‑1.74	 0.437
5 day regimen	 1		
IPSS‑R (≥high)	 0.57	 0.20‑1.63	 0.291
IPSS‑R (<high)	 1		
RAEB	 2.41	 0.85‑6.79	 0.097
Not RAEB	 1		
AE positive	 0.56	 0.23‑1.38	 0.207
AE negative	 1		

IPSS‑R, revised international prognosis scoring system; RAEB, 
refractory anemia with excess blasts; AE, adverse events.

Table II. Multivariate analysis for overall survival.

Variables	 Hazard ratio	 95% CI	 P‑value

Male	 1.97	 1.20‑3.81	 0.043
Female	 1		
IPSS‑R (≥high)	 2.71	 1.21‑5.30	 0.005
IPSS‑R (<high)	 1		

IPSS‑R, revised international prognosis scoring system.

Table IV. Time‑dependent Cox model of overall survival 
according to the achievement of CR and HI.

Variable	 Hazard ratio	 95% CI	 P‑value

CR	 0.70	 0.27‑1.83	 0.465
HI	 2.58	 1.19‑5.58	 0.016

CR, complete remission; HI, hematological improvement.
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AZA, but may predict overall prognosis in patients with MDS. 
AZA can be administered safely to MDS patients. However, 
further studies are warranted to establish the criteria for iden-
tifying patients likely to obtain maximum benefit from AZA 
treatment, and to develop optimal treatment strategies.
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