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Comparison between 5-day 
decitabine and 7-day azacitidine 
for lower-risk myelodysplastic 
syndromes with poor prognostic 
features: a retrospective 
multicentre cohort study
Byung-Hyun Lee  1, Ka-Won Kang  1, Min Ji Jeon2, Eun Sang Yu2, Dae Sik Kim2,  
Hojoon choi  3, Se Ryeon Lee3, Hwa Jung Sung3, Byung Soo Kim1, Chul Won choi2* & 
Yong Park1*

Numerous studies have analysed the clinical efficacies of hypomethylating agents (HMAs) in patients 
with myelodysplastic syndromes (MDS). However, reports that compare the two HMAs, decitabine 
and azacitidine, in patients with lower-risk (low and intermediate-1) MDS are limited. We compared 
5-day decitabine and 7-day azacitidine regimens in terms of treatment responses, survival outcomes, 
and adverse events in patients with lower-risk MDS with poor prognostic features. The overall response 
rates (ORRs) were 67.2% and 44.0% in the patients treated with decitabine and azacitidine, respectively 
(P = 0.014). While the median progression-free survival (PFS) was significantly better in the patients 
treated with decitabine than in those treated with azacitidine (P = 0.019), no significant differences 
in event-free and overall survival rates were observed between the two groups. Multivariate analysis 
revealed that compared with azacitidine treatment, decitabine treatment is significantly associated 
with a higher ORR (P = 0.026) and longer PFS (P = 0.037). No significant differences were observed 
in the incidence of grade 3 or higher haematologic adverse events in response to the two HMAs. In 
conclusion, in lower-risk MDS, especially with poor prognostic features, ORR and PFS were significantly 
better with 5-day decitabine treatment than with 7-day azacitidine treatment, with comparable safety.

Myelodysplastic syndromes (MDS) are clonal haematologic disorders characterised by ineffective and dysplastic 
haematopoiesis that causes cytopenia, leading to the development of acute leukaemia1,2. Previously, MDS was 
generally divided into lower-risk (low and intermediate-1) and higher-risk (intermediate-2 and higher) categories 
on the basis of the International Prognostic Scoring System (IPSS)3, and treatment decisions were usually made 
based on the risk group. The treatment for higher-risk MDS aims to modify the natural course of the disease 
using hypomethylating agents (HMAs), chemotherapy, or stem cell transplantation, whereas the treatment for 
lower-risk MDS aims to improve cytopenia, reduce transfusion requirements, and provide the best supportive 
care4. However, lower-risk MDS patients with poor prognostic features were known to be associated with progres-
sion to acute myeloid leukaemia or severe cytopenia4. Hence, more active treatments are needed for this group 
of patients.

Currently, two types of HMAs (decitabine or azacitidine) are available for the treatment of MDS5. Several pre-
vious studies reported the efficacy of HMAs in different clinical settings. In higher-risk MDS, a 7-day azacitidine 
regimen (75 mg/m 2 daily every 4 weeks) was reported to result in higher response rates and better overall survival 
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(OS) outcomes than treatment with supportive care6,7. Decitabine (45 mg/m 2 daily for 3 days every 6 weeks) also 
demonstrated higher response rates, but no apparent survival benefits were found8,9. A prospective multicentre 
phase 2 trial showed the favourable efficacy (32% of overall response and 51% of overall improvement) and tol-
erable toxicity of a 5-day decitabine regimen (20 mg/m 2 daily every 4 weeks) in this group of patients10. HMA 
treatment also showed considerable clinical efficacy in patients with lower-risk MDS11. Several prospective trials 
showed responses of approximately 50–60%, with acceptable toxicities, for a 5-day decitabine regimen (20 mg/m 2 
daily every 4 weeks)12,13. Seven-day azacitidine (75 mg/m 2 daily every 4 weeks) was still active in the patients with 
lower-risk MDS, with an overall response rate of 40–50%14–16.

Several studies compared the efficacy of two HMAs in patients with MDS17,18. However, these studies were ret-
rospective and therefore definitive conclusions could not be drawn. Moreover, the outcomes of studies in patients 
with lower-risk MDS seem to be more controversial. For example, a retrospective multicentre study conducted 
prognostic factor analysis that included the type of HMA; no significant association was found on treatment 
response and survival outcomes between decitabine and azacitidine19. However, another retrospective analysis 
found better survival outcomes in patients with lower-risk MDS treated with a 5-day decitabine regimen than in 
those treated with a 7-day azacitidine regimen, although these results also did not reach statistical significance20. 
Recently, a randomised phase 2 study demonstrated that low-dose decitabine therapy (20 mg/m2 daily for 3 days, 
intravenous [IV]) resulted in better response rates than low-dose azacitidine therapy (75 mg/m2 daily for 3 days, 
IV) in patients with lower-risk MDS, especially in those with a poor prognostic feature, i.e., ≥5% bone marrow 
(BM) blasts21. Based on these results, we believe it is necessary to compare the efficacy of HMAs in more widely 
used regimens, which includes 5 days of decitabine (20 mg/m2 daily every 4 weeks) and 7 days of azacitidine 
(75 mg/m2 daily every 4 weeks) in lower-risk MDS patients with poor prognostic features. The hypothesis of this 
study is that 5 days of decitabine might have greater potential benefits in lower-risk patients with poor prognostic 
factors than 7 days of azacitidine.

Methods
Study design. The Korea University MDS registry is a longitudinal cohort that contains data on 452 patients 
consecutively diagnosed with MDS at the Korea University Medical Center (Korea University Anam, Guro, and 
Ansan Hospital) from October 2006 to December 2017. In this cohort, 357 patients were classified as having 
lower-risk MDS, and 115 of them who had poor prognostic features were treated with an HMA (decitabine or 
azacitidine). Of these 115 patients, four were excluded because they had started the HMA treatment at other 
hospitals, and their previous medical records were inaccessible (Fig. 1). We retrospectively analysed the data from 
these 111 patients with low-risk (n = 9) and intermediate 1-risk (n = 102) MDS (based on the IPSS classification).

All methods were carried out in accordance with relevant guidelines and regulations. This study was approved 
by the institutional review board of Korea University Medical Center with a waiver of informed consent for the 
collection and analysis of retrospective data.

Treatment and response evaluation. HMA treatment was initiated in lower-risk MDS patients with 
poor prognostic features, such as cytopenia, a high percentage of BM blasts, and poor cytogenetics. Decitabine 
was administered at 20 mg/m2 over 1 h daily for 5 days, whereas azacitidine was administered at 75 mg/m2 over 
30 min daily for 7 days, both intravenously, and the regimens were repeated every 4 weeks. Dose reductions were 
determined based on the institutional guidelines and physicians’ decisions. Treatments were continued on the 
basis of the clinical responses and conditions of the patients. Initial BM aspiration and biopsy were performed 
at the end of 2–6 cycles of HMA treatments. Transfusion dependence was defined on the basis of the require-
ment for more than 4 units of red blood cells (RBCs) or 16 units of platelets (PLTs) in the 8 week period before 
treatment.

Treatment responses were assessed according to the modified 2006 International Working Group (IWG) 
response criteria22 and were evaluated in patients who received at least one cycle of HMA therapy. The overall 
response rate (ORR) included complete remission (CR), partial remission (PR), marrow CR (mCR), and haema-
tologic improvement (HI). HI included at least one of the following: erythroid response (HI-E), PLT response 
(HI-P), or neutrophil response (HI-N). The RBC and PLT transfusion responses were defined as a reduction of 

Figure 1. Flow diagram of patients from the Korea University MDS registry from October 2006 to December 2017.
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at least 4 units of RBC transfusions and at least 16 units of PLT transfusions, respectively, in 8 weeks compared 
to the number of transfusions in the 8 weeks before treatment. Survival outcomes were also assessed using the 
modified 2006 IWG response criteria. OS was defined as the time between the start of treatment and death from 
any cause. Event-free survival (EFS) was measured from the time of treatment initiation until treatment failure 
or death from any cause. Progression-free survival (PFS) was defined as the time from the start of treatment to 
disease progression or death from MDS. Adverse events were evaluated using the Common Terminology Criteria 
for Adverse Events version 4.0.

Statistical analysis. Categorical variables were evaluated using the Chi-squared test or Fisher’s exact test. 
Continuous variables were evaluated using Student’s t-test. Backward stepwise logistic regression analysis was 
used to estimate the association between ORR, HMAs, and other prognostic factors. Survival outcomes were 
calculated using the Kaplan–Meier method and were compared using the log-rank test. Cox’s proportional haz-
ard model with the backward stepwise elimination method was used to analyse the association between survival 
rates, HMAs and other prognostic factors. All analyses were performed using SPSS statistics version 25.0 software 
(IBM Corporation, New York, USA) and R software (version 3.5.2). The meta-analysis was performed using the 
R package “meta.”

Results
Baseline characteristics. Patient characteristics are summarized in Table 1. No significant difference was 
seen in the median ages of patients treated with decitabine (63; range, 20–85 years) and azacitidine (69; range, 
30–82 years) (P = 0.268). MDS with multilineage dysplasia according to the World Health Organization classifi-
cation was the most common subtype (n = 56; 50.5%). Sixty patients (54.1%) had RBC-transfusion dependency, 
and 56 (50.5%) had PLT-transfusion dependency. Most patients had <5% BM blasts (n = 90; 81.1%) and good 
cytogenetic risk according to the Revised-IPSS (IPSS-R) classification (n = 94; 84.7%)23. Based on the IPSS and 
IPSS-R classifications, 102 (91.9%) and 51 (45.9%) patients were classified as having intermediate-1 risk and inter-
mediate risk, respectively. The risk groups based on the MD Anderson Lower Risk Prognostic Scoring System 
(LR-PSS)24 included category 1 (n = 8; 7.2%), category 2 (n = 66; 59.5%), and category 3 (n = 37; 33.3%). The 
baseline patient characteristics were well balanced between the decitabine and azacitidine groups and no signifi-
cant differences were observed between the groups.

Treatment response. Patients received a median of 5 (range, 1–61) cycles of decitabine and 4 (range, 1–18) 
cycles of azacitidine treatment. The median number of cycles at response assessment was 4 (range, 1–8) and 4 
(range, 1–6) in patients treated with decitabine and azacitidine, respectively. The CR rates were 16.4% (10/61) in 
the decitabine group and 6.0% (3/50) in the azacitidine group, with borderline significance (P = 0.090; Table 2). 
The ORR in patients treated with decitabine (67.2%, 41/61) was significantly higher than that in patients treated 
with azacitidine (44.0%, 22/50) (P = 0.014). The cytogenetic response rates, including CR and PR, were 50.0% 
(3/6) and 16.7% (1/6) for decitabine and azacitidine, respectively (P = 0.545). The HI-E rates were significantly 
higher in patients treated with decitabine (68.3% vs 44.2%; P = 0.014), whereas no significant difference was 
observed in the HI-P (P = 0.473) and HI-N (P = 0.264) rates. The RBC transfusion response rates were 50.0% 
(18/36) and 29.2% (7/24) in patients treated with decitabine and azacitidine, respectively (P = 0.109).

In the univariate analysis for ORR following decitabine vs azacitidine treatment (67.2% vs 44.0%; hazards ratio 
[HR], 2.609; 95% confidence interval [CI], 1.204–5.652; P = 0.015), a haemoglobin (Hb) concentration <8 g/dL 
(69.1% vs 44.6%; HR, 2.772; 95% CI, 1.274–6.032; P = 0.010) and ≥5% BM blasts (81.0% vs 51.1%; HR, 4.065; 
95% CI, 1.268–13.032; P = 0.018) were significantly associated with a higher ORR. Other risk factors showed no 
significant associations. In the multivariate analysis using the backward stepwise elimination method including 
the types of HMA, age, sex, Hb level, absolute neutrophil count (ANC), PLT count, RBC- and PLT-transfusion 
dependency, BM blasts, cytogenetics, and risk groups based on IPSS-R and LR-PSS, treatment with decitabine 
(HR, 2.553; 95% CI, 1.116–5.840; P = 0.026), Hb concentration of <8 g/dL (HR, 3.073; 95% CI, 1.340–7.048; 
P = 0.008), and ≥5% BM blasts (HR, 3.739; 95% CI, 1.102–12.683; P = 0.034) were all significantly associated 
with higher ORR. However, no significant associations were observed for the other prognostic factors.

Survival analysis. The median follow-up duration was 15 (range, 1–99) and 10.5 (range, 1–70) months in 
the decitabine (n = 61) and azacitidine (n = 50) groups, respectively. The median OS was 44 and 31 months in the 
decitabine and azacitidine groups, respectively (P = 0.372; Fig. 2a). In the decitabine and azacitidine groups, the 
1-year OS rates were 81% and 74%, respectively; the 4-year OS rates were 49% and 31%, respectively. The median 
EFS was 32 and 14 months for patients treated with decitabine and azacitidine, respectively (P = 0.170; Fig. 2b). 
The median PFS was significantly prolonged in patients treated with decitabine than in those treated with azac-
itidine (33 vs 19 months; P = 0.019; Fig. 2c). In the decitabine and azacitidine groups, the 1-year PFS rates were 
81% and 60%, respectively; the 2-year PFS rates were 66% and 44%, respectively; and the 4-year PFS rates were 
43% and 29%, respectively. The Kaplan-Meier survival analysis of the risk groups based on the IPSS-R showed 
that PFS was better in the very low to intermediate risk subgroup treated with decitabine than in those treated 
with azacitidine, with borderline significance (P = 0.084; Fig. 3a). PFS was significantly longer in the high risk 
subgroup who received decitabine compared to azacitidine (P = 0.039; Fig. 3b).

To analyse the significance of the difference in PFS in response to specific HMAs, we performed univariate 
and multivariate analyses including other prognostic factors. In the univariate analysis, treatment with decitabine 
(HR, 0.489; 95% CI, 0.264–0.907; P = 0.023) and achievement of CR (HR, 0.133; 95% CI, 0.018–0.964; P = 0.046) 
were significant favourable prognostic factors, whereas a poor cytogenetic risk based on IPSS (HR, 2.555; 95% 
CI, 1.225–5.326; P = 0.012) was a significant unfavourable prognostic factor (Table 3). In the multivariate anal-
ysis using the backward stepwise elimination method including types of HMA, age, sex, Hb level, ANC, PLT 
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Total, n (%) Decitabine, n (%) Azacitidine, n (%)

P(n = 111) (n = 61) (n = 50)

Age, median years (range) 66 (20–85) 63 (20–85) 69 (30–82) 0.268

Sex

Male 71 (64.0) 43 (70.5) 28 (56.0) 0.114

Female 40 (36.0) 18 (29.5) 22 (44.0)

ECOG performance

0–1 105 (94.6) 57 (93.4) 48 (96.0) 0.688

2–3 6 (5.4) 4 (6.6) 2 (4.0)

WHO subtypes

MDS-SLD 7 (6.3) 3 (4.9) 4 (8.0) 0.181

MDS-MLD 56 (50.5) 28 (45.9) 28 (56.0)

MDS-RS 2 (1.8) 0 2 (4.0)

MDS-EB 33 (29.7) 21 (34.4) 12 (24.0)

MDS-U 12 (10.8) 9 (14.8) 3 (6.0)

MDS with isolated del 5q 1 (0.9) 0 1 (2.0)

Hb, g/dL

≥10 13 (11.7) 6 (9.8) 7 (14.0) 0.746

8 to <10 43 (38.7) 25 (41.0) 18 (36.0)

< 8 55 (49.5) 30 (49.2) 25 (50.0)

ANC, ×109/L

≥0.8 72 (64.9) 40 (65.6) 32 (64.0) 0.863

<0.8 39 (35.1) 21 (34.4) 18 (36.0)

PLT, ×109/L

≥100 25 (22.5) 11 (18.0) 14 (28.0) 0.216

50 to <100 34 (30.6) 17 (27.9) 17 (34.0)

<50 52 (46.8) 33 (54.1) 19 (38.0)

Transfusion dependence

RBC 60 (54.1) 36 (59.0) 24 (48.0) 0.247

PLT 56 (50.5) 35 (57.4) 21 (42.0) 0.107

BM blasts, %

<5 90 (81.1) 46 (75.4) 44 (88.0) 0.092

≥5 21 (18.9) 15 (24.6) 6 (12.0)

Cytogenetics (IPSS-R)

Very good 2 (1.8) 2 (3.3) 0 0.215

Good 94 (84.7) 53 (86.9) 41 (82.0)

Intermediate 15 (13.5) 6 (9.8) 9 (18.0)

Poor 0 0 0

Very poor 0 0 0

IPSS risk group

Low 9 (8.1) 3 (4.9) 6 (12.0) 0.295

Intermediate-1 102 (91.9) 58 (95.1) 44 (88.0)

IPSS-R risk group

Very low 2 (1.8) 2 (3.3) 0 0.178

Low 35 (31.5) 16 (26.2) 19 (38.0)

Intermediate 51 (45.9) 27 (44.3) 24 (48.0)

High 23 (20.7) 16 (26.2) 7 (14.0)

Very high 0 0 0

LR-PSS risk group

Category 1 8 (7.2) 3 (4.9) 5 (10.0) 0.134

Category 2 66 (59.5) 33 (54.1) 33 (66.0)

Category 3 37 (33.3) 25 (41.0) 12 (24.0)

Table 1. Patient characteristics. Abbreviations: ECOG: Eastern Cooperative Oncology Group; WHO: World 
Health Organization; MDS: myelodysplastic syndrome; MDS-SLD: MDS with single lineage dysplasia; MDS-
MLD: MDS with multilineage dysplasia; MDS-RS: MDS with ring sideroblasts; MDS-EB: MDS with excess 
blasts; MDS-U: MDS, unclassified; Hb: haemoglobin; ANC: absolute neutrophil count; PLT: platelet; RBC: red 
blood cell; BM: bone marrow; IPSS: international prognostic scoring system; IPSS-R: revised-international 
prognostic scoring system; LR-PSS: lower-risk prognostic scoring system.
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count, RBC- and PLT-transfusion dependency, BM blasts, cytogenetics, and risk groups based on the IPSS-R and 
LR-PSS, we found that treatment with decitabine (HR, 0.496; 95% CI, 0.257–0.957; P = 0.037) and achievement 
of CR (HR, 0.122; 95% CI, 0.015–0.993; P = 0.049) were significant prognostic factors for better survival, whereas 
ANC below 0.8 × 109/L (HR, 1.905; 95% CI, 1.032–3.515; P = 0.039) was a significant poor prognostic factor. Poor 
cytogenetic risk (HR, 2.136; 95% CI, 0.992–4.556; P = 0.052) also unfavourably affected survival with borderline 
significance. The other prognostic factors showed no significant associations with better survival.

Meta-analysis. We performed a meta-analysis using previously published data and data from our patient 
cohort with lower-risk MDS. For the comparison of ORR between decitabine and azacitidine, one randomised 
study21, two retrospective studies19,20, and our study were included (Fig. 4a). The data from these four studies 
(878 patients; 326 treated with decitabine and 552 treated with azacitidine) were available. Cochran’s Q test for 
heterogeneity yielded a P-value of 0.119 and I2 = 48.8%, indicating moderate heterogeneity among the four stud-
ies. Decitabine treatment was found to be significantly advantageous over azacitidine treatment in terms of ORR 
(odds ratio, 1.943; 95% CI, 1.203–3.139; P = 0.007; four studies, random effect model). The sensitivity analysis 
of the above studies excluding our study also showed that ORR was significantly higher in patients treated with 
decitabine compared to azacitidine (odds ratio, 1.809; 95% CI, 1.023–3.199; P = 0.042; three studies, random 
effect model). In the analysis of ORR for decitabine treatment, one randomised study21, three non-randomised 
prospective studies10,12,13, two retrospective studies19,20 providing available information on lower-risk MDS (low 
or intermediate-1 based on IPSS), and our study were included (Fig. 4b). In total, 580 patients were examined; a 
Cochran’s Q test value of P = 0.17 and I2 = 33% indicated low heterogeneity among the seven studies. Decitabine 
had an estimated pooled ORR of 59.5% based on a fixed effects model. In the analysis of ORR for azacitidine, one 
randomised study21, one non-randomised prospective study15, four retrospective studies14,16,19,20 providing avail-
able information on lower-risk MDS, and our study were included (Fig. 4c). Overall, 685 patients were examined; 
a Cochran’s Q test value of P = 0.90 and I2 = 0% indicated low heterogeneity among the seven studies. Azacitidine 
treatment had an estimated pooled ORR of 47.5% (95% CI, 43.7–51.2%) based on a fixed effects model. The 
results of the pooled analyses indicated that decitabine treatment had a significantly higher ORR than azacitidine 
treatment (59.5% [95% CI, 55.4–63.4%] vs 47.5% [95% CI, 43.7–51.2%]; P < 0.001) and these results were com-
parable to our results (67.2% vs 44.0%; P = 0.014).

Causes of death. The causes of deaths have been summarized in Table 4. Among the patients treated with 
decitabine, 14 (66.7%) died from MDS-related causes, of which infection (n = 8) was the most common fol-
lowed by disease progression (n = 4). Seven patients died due to MDS-unrelated causes, such as solid cancer 
(n = 3), myocardial infarction (n = 1), interstitial lung disease (n = 2), and epilepsy (n = 1). Among the patients 
who received azacitidine, 15 (93.8%) died from MDS-related causes. Infection (n = 7) was again the most fre-
quent cause of MDS-related death, followed by disease progression (n = 6). One patient succumbed to solid can-
cer, an MDS-unrelated cause. No significant differences were noted between the incidence of MDS-related and 
MDS-unrelated deaths (P = 0.104).

Safety. Table 5 summarizes the haematological adverse events following treatments with decitabine and azac-
itidine. These included grade 3 or higher anaemia in 18 (16.2%), neutropenia in 35 (31.5%), thrombocytopenia in 

Total, n (%) Decitabine, n (%) Azacitidine, n (%)

P(n = 111) (n = 61) (n = 50)

CR 13 (11.7) 10 (16.4) 3 (6.0) 0.09

mCR 5 (4.5) 3 (4.9) 2 (4.0) 1

PR 0 0 0

HI (without CR, mCR, PR) 45 (40.5) 28 (45.9) 17 (34.0) 0.204

SD 26 (23.4) 10 (16.4) 16 (32.0) 0.053

Failure 18 (16.2) 8 (13.1) 10 (20.0) 0.328

Not assessed 4 (3.6) 2 (3.3) 2 (4.0) 0.839

ORR (CR + mCR + PR + HI) 63 (56.8) 41 (67.2) 22 (44.0) 0.014

Cytogenetic response, n 12 6 6

  CR + PR 4 (33.3) 3 (50.0) 1 (16.7) 0.545

HI

HI-E (n = 103) 60 (58.3) 41 (68.3) 19 (44.2) 0.014

HI-P (n = 85) 28 (32.9) 18 (36.0) 10 (28.6) 0.473

HI-N (n = 50) 13 (26.0) 9 (32.1) 4 (18.2) 0.264

Transfusion response

RBC (n = 60) 25 (41.7) 18 (50.0) 7 (29.2) 0.109

PLT (n = 56) 25 (44.6) 16 (45.7) 9 (42.9) 0.835

Table 2. Treatment responses. Abbreviations: CR: complete remission; mCR: marrow CR; PR: partial 
remission; HI: haematologic improvement; SD: stable disease; ORR: overall response rate; HI-E: HI-erythroid; 
HI-P: HI-platelet; HI-N: HI-neutrophil; RBC: red blood cell; PLT: platelet.
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30 (27.0%), and febrile neutropenia in 29 (26.1%) patients. No significant differences in the incidence of adverse 
events were observed following treatment with decitabine and azacitidine.

Discussion
In our retrospective cohort analysis of lower-risk MDS patients with poor prognostic features, higher ORR and 
HI-E rates were observed after treatment with a 5-day decitabine regimen (20 mg/m2 daily every 4 weeks) than 
after treatment with a 7-day azacitidine regimen (75 mg/m2 daily every 4 weeks) (ORR, 67.2% vs 44.0%; P = 0.014 
and HI-E, 68.3% vs 44.2%; P = 0.014). The groups treated with the two HMAs showed no significant differences 
with respect to OS or EFS. Interestingly, PFS was higher in the 5-day decitabine regimen group than in the 7-day 
azacitidine regimen group (median, 33 vs 19 months; P = 0.019).

The benefit of HMAs in patients with lower risk has also been addressed in several previous studies. One 
randomised study reported that a 3-day low-dose decitabine regimen (20 mg/m2 SC per day for 3 consecutive 
days every 28 days) showed a protocol-defined overall response rate of 23.3%, including CR, mCR, PR, and HI, 
which was similar to the 22.7% response rate to a weekly decitabine regimen (20 mg/m2 SC per day once every 7 
days every 28 days)11. A prospective phase 2 study suggested promising clinical efficacy (CR, 19%; HI, 38%; ORR, 
58%) for low-dose azacitidine (75 mg/m2/d SC for 5 days every 28 days) in lower-risk MDS patients14. In addi-
tion, a recent randomised study demonstrated better outcomes (ORR, 70% vs 49%; P = 0.03) for low-dose decit-
abine (20 mg/m2 daily for 3 days every 4 weeks) than for azacitidine (75 mg/m2 daily for 3 days every 4 weeks) 
in patients with lower-risk MDS21. However, only limited information is available regarding the clinical efficacy 
and safety of 5-day decitabine (20 mg/m2 daily for every 4 weeks) and 7-day azacitidine (75 mg/m2 daily every 4 
weeks) regimens in lower-risk MDS, which are the most widely used regimens in clinical practice. In the present 
study, we observed an ORR of 67.2% in patients treated with a 5-day decitabine regimen (20 mg/m2 daily every 4 
weeks), 44.0% in those treated with a 7-day azacitidine regimen (75 mg/m2 daily every 4 weeks), and 56.8% in all 

Figure 2. Kaplan–Meier survival analysis. (a) The median OS was 44 months for decitabine and 31 months for 
azacitidine (P = 0.372). (b) The median event-free survival was 32 and 14 months for decitabine and azacitidine, 
respectively (P = 0.170). (c) The median PFS was significantly prolonged following decitabine treatment 
compared to azacitidine treatment (33 vs 19 months; P = 0.019).

Figure 3. Kaplan–Meier PFS curves in the two risk subgroups by IPSS-R. (a) The median PFS was 33 months 
for decitabine and 31 months for azacitidine in the very low to intermediate risk subgroup (P = 0.084). (b) 
The median PFS was 27 and 13 months in the decitabine and azacitidine groups, respectively in the high risk 
subgroup (P = 0.039).
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lower-risk patients with poor prognostic features. The median OS was 44 months in patients treated with a 5-day 
decitabine regimen, 31 months in those treated with a 7-day azacitidine regimen, and 37 months in all patients. 
Considering the patients in this study had at least one adverse prognostic feature despite being categorised as 
lower-risk based on IPSS, the similar efficacy in this study compared with that reported in previous studies might 
be suggestive of the potential benefit of a 5-day decitabine regimen in this group of patients.

Regarding toxicity, grade 3 or higher neutropenia and thrombocytopenia occurred in 34.4% and 27.9% of 
decitabine-treated patients, respectively, in this study. In the azacitidine-treated group, grade 3 or higher throm-
bocytopenia developed in 12.5% of patients. Overall, the development of toxicity seems to be higher than that 
previously reported11,14. This study is based on a retrospective cohort enrolling consecutive unselected patients 
in the real world. Therefore, more fragile patients might be included compared with previous studies. Second, we 

Univariate Multivariate

HR 95% CI P HR 95% CI P

HMA

Azacitidine 1 1

Decitabine 0.489 0.264–0.907 0.023 0.496 0.257–0.957 0.037

Age, years

<65 1

≥65 1.236 0.676–2.259 0.491

Sex

Male 1

Female 0.824 0.434–1.567 0.556

Hb, g/dL

≥8 1

<8 1.091 0.598–1.990 0.777

ANC, ×109/L

≥0.8 1 1

<0.8 1.623 0.889–2.961 0.115 1.905 1.032–3.515 0.039

PLT, ×109/L

≥50 1

<50 1.077 0.588–1.972 0.81 .

Transfusion (RBC)

Independent 1

Dependent 1.061 0.580–1.942 0.848

Transfusion (PLT)

Independent 1 1

Dependent 1.514 0.830–2.763 0.177 1.658 0.860–3.196 0.131

BM blasts, %

<5 1 1

≥5 0.715 0.302–1.696 0.447 2.203 0.839–5.784 0.109

Cytogenetics (IPSS)

Good + intermediate 1 1

Poor 2.555 1.225–5.326 0.012 2.126 0.992–4.556 0.052

IPSS risk

Low 1

Intermediate-1 0.79 0.281–2.222 0.655

IPSS-R risk

Very low + low 1

Intermediate + high 1.255 0.662–2.380 0.487

LR-PSS risk

Category 1–2 1

Category 3 1.142 0.594–2.195 0.691

Response

Others 1 1

CR 0.133 0.018–0.964 0.046 0.122 0.015–0.993 0.049

Table 3. Prognostic factor analysis for progression-free survival. Abbreviations: HR: hazard ratio; CI: 
confidence interval; HMA: hypomethylating agent; Hb: haemoglobin; ANC: absolute neutrophil count; PLT: 
platelet; RBC: red blood cell; BM: bone marrow; IPSS: international prognostic scoring system; IPSS-R: revised-
international prognostic scoring system; LR-PSS: lower-risk prognostic scoring system; CR: complete remission.
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Figure 4. Meta-analysis and forest plots of ORR in patients treated with decitabine and azacitidine. (a) The data 
from four studies (878 patients; 326 treated with decitabine and 552 treated with azacitidine) were analysed to 
compare ORR between decitabine and azacitidine treatment. Cochran’s Q value (P = 0.119) and the I2 value 
(48.8%) indicate moderate heterogeneity among the four studies. Decitabine treatment showed significantly 
better ORR than azacitidine treatment (odds ratio, 1.943; 95% CI, 1.203–3.139; P = 0.007; random effect 
model). (b) A total of 580 patients treated with decitabine were analysed. Cochran’s Q test value of P = 0.17 and 
the I2 value of 33% indicated low heterogeneity among the seven studies. Decitabine had an estimated pooled 
ORR of 59.5% based on a fixed effects model. (c) A total of 685 patients treated with azacitidine were analysed. 
Cochran’s Q test value of P = 0.90 and the I2 value of 0% indicated low heterogeneity among the seven studies. 
Azacitidine had an estimated pooled ORR of 47.5% based on a fixed effects model.

Causes of death

Total, n (%) Decitabine, n (%) Azacitidine, n (%)

P(n = 37) (n = 21) (n = 16)

MDS-related death 29 (78.4) 14 (66.7) 15 (93.8) 0.104

  Disease progression 10 4 6

  Infection 15 8 7

  Bleeding 4 2 2

MDS-unrelated death 8 (21.6) 7 (33.3) 1 (6.2)

  Solid cancer 4 3 1

  Myocardial infarction 1 1 0

  Interstitial lung disease 2 2 0

  Epilepsy 1 1 0

Table 4. Causes of death.
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analysed data from patients with lower-risk MDS who had poor prognostic features, which included transfusion 
dependency, cytopenia, high percentage of BM blasts, and poor cytogenetics. These features might partially con-
tribute to the higher development of toxicity for both decitabine and azacitidine.

A previous meta-analysis suggested that compared with conventional care, both decitabine and azacitidine 
might be active in both the response and HI for treating MDS25. However, which of the two drugs is superior with 
respect to survival seems to depend on the clinical situation. For example, compared with supportive care, azac-
itidine showed a survival benefit in patients with higher-risk MDS, but decitabine failed to show a survival ben-
efit25. Currently, there is limited prospective comparison between the two drugs with respect to survival. Three 
retrospective studies performed a direct comparison of 5-day decitabine and 7-day azacitidine regimens;17,18,20 
however, no significant differences were observed in survival outcomes. If patients are narrowed down to low-risk 
patients, the situation might be a little different. Some previous studies suggested that decitabine is superior in 
this group of patients. Recent prospective studies reported that the ORRs of patients with lower-risk MDS to 
decitabine were approximately 60%12,13. Overall responses to azacitidine in lower-risk MDS were reported to 
be approximately 40% in this group of patients14–16. The results of this study are also consistent with this trend. 
In this study, decitabine demonstrated a significantly higher ORR (HR, 2.553; 95% CI, 1.116–5.840; P = 0.026) 
and HI-E (68.3% vs 44.2%; P = 0.014) compared with azacitidine, and treatment with decitabine was a signifi-
cant prognostic factor for higher ORR in the multivariate analysis. The results of the meta-analysis in this study 
strengthen these outcomes, which demonstrated that patients who received decitabine treatment had significantly 
better ORR than those who received azacitidine (odds ratio, 1.943; 95% CI, 1.203–3.139; P = 0.007). The pooled 
analyses also showed that decitabine might be significantly more beneficial than azacitidine with respect to ORR 
(59.5% vs 47.5%; P < 0.001). OS and EFS were comparable in the decitabine- and azacitidine-treated groups, and 
this finding was consistent with that of previous studies comparing these two HMAs17–20.

In this study, compared with azacitidine, decitabine demonstrated a significantly higher median PFS, and 
treatment with decitabine was significantly associated with favourable PFS in the multivariate analysis. This result 
was an outcome that was not observed in previous studies. There are some possible contributory factors to con-
sider. Although not statistically significant, more patients who received azacitidine experienced treatment failure, 
including disease progression, than those who received decitabine (20.0% vs 13.1%; P = 0.328) (Table 2), and 
more patients treated with decitabine died from MDS-unrelated causes than those treated with azacitidine (33.3% 
vs 6.2%; P = 0.104) (Table 4). Considering that most MDS-unrelated causes of death included various underlying 
diseases, such as solid cancer, myocardial infarction, and interstitial lung disease, it is likely that patients treated 
with decitabine might have had more comorbidities than those treated with azacitidine. Additionally, hetero-
geneity in salvage therapy after the failure of HMA therapy between the two groups could have influenced the 
discrepancy between OS and PFS. Of the 43 patients who received salvage therapy, allogenic stem cell transplan-
tation (allo-SCT) was performed in 10 patients in the decitabine group and four in the azacitidine group (data 
not shown). The higher percentage of salvage allo-SCT in the decitabine group might have affected PFS more 
favourably.

Another interesting point is that the statistical power was reduced for detecting the PFS improvement owing 
to decitabine over azacitidine in the very low-to-intermediate risk group in subgroup analyses according to 
IPSS-R (Fig. 3a); in contrast, the PFS benefit from the 5-day decitabine regimen was maintained in the high-risk 
group according to IPSS-R (Fig. 3b). This finding might support the results of this study, which showed that decit-
abine may have some additional benefit in a ‘higher-risk’ subset of lower-risk MDS patients and that the treatment 
regimen of 5 days of decitabine might be more effective in treating lower-risk MDS with poor prognostic features.

Mechanisms that might explain the differences between the clinical effects of decitabine and azacitidine have 
not yet been elucidated. Specific gene mutations might affect the clinical responses to decitabine or azacitidine 
therapy. In a previous study, mutations in CBL, IDH2, DNMT3A, ASXL1, and TP53 were associated with poor 
prognosis in patients with MDS26. Among them, TP53 mutation was reported to affect response to decitabine or 
azacitidine treatment27–29. Although several studies have shown an association between TP53 mutations and poor 
survival outcomes in patients treated with azacitidine27–29, some studies have reported an association between 
TP53 mutations and higher decitabine sensitivity30. In addition, compared with azacitidine, decitabine is known 
to be a more potent hypomethylating agent, and therefore, drug-specific loci or gene-specific DNA methylation 
might explain the differences in their therapeutic effects31,32. However, we could conduct analysis only at the 
cytogenetic level because genetic mutations related to MDS could not be identified. This is the major limitation 
of this study.

There are several more limitations in this study. This analysis was based on a retrospective cohort with a rel-
atively small sample size. Hence, any confirmatory conclusions cannot be drawn from the results of this study. 
Next, we used IPSS for treatment decisions in MDS, and thus, we conducted analyses based on IPSS in this 
study. The use of IPSS to predict prognosis could result in a heterogeneity in outcomes within the lower-risk 

Haematologic adverse events Total, n (%) Decitabine, n (%) Azacitidine, n (%)

P(Grade 3 or higher) (n = 111) (n = 61) (n = 50)

Haemoglobin 18 (16.2) 11 (18.0) 7 (14.0) 0.566

Neutrophils 35 (31.5) 21 (34.4) 14 (28.0) 0.468

Platelets 30 (27.0) 17 (27.9) 13 (26.0) 0.825

Febrile neutropenia 29 (26.1) 18 (29.5) 11 (22.0) 0.37

Table 5. Toxicity analysis.
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groups. Currently, IPSS-R is known to have greater prognostic value than IPSS23. In fact, a considerable number 
of patients in the lower-risk group as categorised by IPSS in this study were re-categorised to the high-risk group 
by IPSS-R. Therefore, future studies should prospectively enrol lower-risk patients as categorised by IPSS-R.

In conclusion, the results of this study show that 5-day decitabine (20 mg/m2 daily every 4 weeks) therapy 
might have a greater benefit than 7-day azacitidine (75 mg/m2 daily every 4 weeks) therapy in patients with 
lower-risk MDS, especially in those with poor prognostic features. Currently, the consensus regarding HMA 
treatment in patients with lower-risk MDS is low-dose therapy (3-day decitabine regimen [20 mg/m2 daily for 3 
days every 4 weeks] or 5-day azacitidine regimen [75 mg/m2 daily for 5 days every 4 weeks])33. In our opinion, the 
results of this study support the need for investigating the role of the conventional 5-day decitabine regimen in 
lower-risk MDS patients with poor prognostic features.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.

Received: 1 November 2018; Accepted: 16 December 2019;
Published: xx xx xxxx

References
 1. Tefferi, A. & Vardiman, J. W. Myelodysplastic syndromes. N. Engl. J. Med. 361, 1872–1885, https://doi.org/10.1056/NEJMra0902908 

(2009).
 2. Nimer, S. D. Myelodysplastic syndromes. Blood 111, 4841–4851, https://doi.org/10.1182/blood-2007-08-078139 (2008).
 3. Greenberg, P. et al. International scoring system for evaluating prognosis in myelodysplastic syndromes. Blood 89, 2079–2088 

(1997).
 4. Fenaux, P. & Ades, L. How we treat lower-risk myelodysplastic syndromes. Blood 121, 4280–4286, https://doi.org/10.1182/

blood-2013-02-453068 (2013).
 5. Garcia-Manero, G. & Fenaux, P. Hypomethylating agents and other novel strategies in myelodysplastic syndromes. J. Clin. Oncol. 29, 

516–523, https://doi.org/10.1200/JCO.2010.31.0854 (2011).
 6. Silverman, L. R. et al. Randomized controlled trial of azacitidine in patients with the myelodysplastic syndrome: a study of the 

cancer and leukemia group B. J. Clin. Oncol. 20, 2429–2440, https://doi.org/10.1200/JCO.2002.04.117 (2002).
 7. Fenaux, P. et al. Efficacy of azacitidine compared with that of conventional care regimens in the treatment of higher-risk 

myelodysplastic syndromes: a randomised, open-label, phase III study. Lancet Oncol. 10, 223–232, https://doi.org/10.1016/s1470-
2045(09)70003-8 (2009).

 8. Wijermans, P. et al. Low-dose 5-aza-2 ‘-deoxycytidine, a DNA hypomethylating agent, for the treatment of high-risk myelodysplastic 
syndrome: A multicenter phase II study in elderly patients. J. Clin. Oncol. 18, 956–962, https://doi.org/10.1200/jco.2000.18.5.956 
(2000).

 9. Lubbert, M. et al. Low-dose decitabine versus best supportive care in elderly patients with intermediate- or high-risk myelodysplastic 
syndrome (MDS) ineligible for intensive chemotherapy: final results of the randomized phase III study of the European Organisation 
for Research and Treatment of Cancer Leukemia Group and the German MDS Study Group. J. Clin. Oncol. 29, 1987–1996, https://
doi.org/10.1200/JCO.2010.30.9245 (2011).

 10. Steensma, D. P. et al. Multicenter study of decitabine administered daily for 5 days every 4 weeks to adults with myelodysplastic 
syndromes: the alternative dosing for outpatient treatment (ADOPT) trial. J. Clin. Oncol. 27, 3842–3848, https://doi.org/10.1200/
JCO.2008.19.6550 (2009).

 11. Garcia-Manero, G. et al. Randomized open-label phase II study of decitabine in patients with low- or intermediate-risk 
myelodysplastic syndromes. J. Clin. Oncol. 31, 2548–2553, https://doi.org/10.1200/JCO.2012.44.6823 (2013).

 12. Jeong, S. H. et al. A prospective, multicenter, observational study of long-term decitabine treatment in patients with myelodysplastic 
syndrome. Oncotarget 6, 44985–44994, https://doi.org/10.18632/oncotarget.6242 (2015).

 13. Jung, K. S. et al. Clinical outcomes of decitabine treatment for patients with lower-risk myelodysplastic syndrome on the basis of the 
international prognostic scoring system. Clin. Lymphoma. Myeloma. Leuk. 19, 656–664, https://doi.org/10.1016/j.clml.2019.06.003 
(2019).

 14. Fili, C. et al. Prospective phase II Study on 5-days azacitidine for treatment of symptomatic and/or erythropoietin unresponsive 
patients with low/INT-1-risk myelodysplastic syndromes. Clin. Cancer Res. 19, 3297–3308, https://doi.org/10.1158/1078-0432.CCR-
12-3540 (2013).

 15. Falantes, J. et al. Multivariable time-dependent analysis of the impact of azacitidine in patients with lower-risk myelodysplastic 
syndrome and unfavorable specific lower-risk score. Leuk. Res. 39, 52–57, https://doi.org/10.1016/j.leukres.2014.10.004 (2015).

 16. Musto, P. et al. Azacitidine for the treatment of lower risk myelodysplastic syndromes: a retrospective study of 74 patients enrolled 
in an Italian named patient program. Cancer 116, 1485–1494, https://doi.org/10.1002/cncr.24894 (2010).

 17. Zeidan, A. M. et al. Comparative clinical effectiveness of azacitidine versus decitabine in older patients with myelodysplastic 
syndromes. Br. J. Haematol. 175, 829–840, https://doi.org/10.1111/bjh.14305 (2016).

 18. Lee, Y. G. et al. Comparative analysis between azacitidine and decitabine for the treatment of myelodysplastic syndromes. Br. J. 
Haematol. 161, 339–347, https://doi.org/10.1111/bjh.12256 (2013).

 19. Lee, J. H. et al. Benefits of hypomethylating therapy in IPSS lower-risk myelodysplastic syndrome patients: A retrospective 
multicenter case series study. Leuk. Res. 60, 135–144, https://doi.org/10.1016/j.leukres.2017.08.004 (2017).

 20. Lee, J. H. et al. Comparison of 7-day azacitidine and 5-day decitabine for treating myelodysplastic syndrome. Ann. Hematol. 92, 
889–897, https://doi.org/10.1007/s00277-013-1702-8 (2013).

 21. Jabbour, E. et al. Randomized phase 2 study of low-dose decitabine vs low-dose azacitidine in lower-risk MDS and MDS/MPN. 
Blood 130, 1514–1522, https://doi.org/10.1182/blood-2017-06-788497 (2017).

 22. Cheson, B. D. et al. Clinical application and proposal for modification of the International Working Group (IWG) response criteria 
in myelodysplasia. Blood 108, 419–425, https://doi.org/10.1182/blood-2005-10-4149 (2006).

 23. Greenberg, P. L. et al. Revised international prognostic scoring system for myelodysplastic syndromes. Blood 120, 2454–2465, 
https://doi.org/10.1182/blood-2012-03-420489 (2012).

 24. Garcia-Manero, G. et al. A prognostic score for patients with lower risk myelodysplastic syndrome. Leukemia 22, 538–543, https://
doi.org/10.1038/sj.leu.2405070 (2008).

 25. Gurion, R. et al. 5-azacitidine prolongs overall survival in patients with myelodysplastic syndrome–a systematic review and meta-
analysis. Haematologica 95, 303–310, https://doi.org/10.3324/haematol.2009.010611 (2010).

https://doi.org/10.1038/s41598-019-56642-1
https://doi.org/10.1056/NEJMra0902908
https://doi.org/10.1182/blood-2007-08-078139
https://doi.org/10.1182/blood-2013-02-453068
https://doi.org/10.1182/blood-2013-02-453068
https://doi.org/10.1200/JCO.2010.31.0854
https://doi.org/10.1200/JCO.2002.04.117
https://doi.org/10.1016/s1470-2045(09)70003-8
https://doi.org/10.1016/s1470-2045(09)70003-8
https://doi.org/10.1200/jco.2000.18.5.956
https://doi.org/10.1200/JCO.2010.30.9245
https://doi.org/10.1200/JCO.2010.30.9245
https://doi.org/10.1200/JCO.2008.19.6550
https://doi.org/10.1200/JCO.2008.19.6550
https://doi.org/10.1200/JCO.2012.44.6823
https://doi.org/10.18632/oncotarget.6242
https://doi.org/10.1016/j.clml.2019.06.003
https://doi.org/10.1158/1078-0432.CCR-12-3540
https://doi.org/10.1158/1078-0432.CCR-12-3540
https://doi.org/10.1016/j.leukres.2014.10.004
https://doi.org/10.1002/cncr.24894
https://doi.org/10.1111/bjh.14305
https://doi.org/10.1111/bjh.12256
https://doi.org/10.1016/j.leukres.2017.08.004
https://doi.org/10.1007/s00277-013-1702-8
https://doi.org/10.1182/blood-2017-06-788497
https://doi.org/10.1182/blood-2005-10-4149
https://doi.org/10.1182/blood-2012-03-420489
https://doi.org/10.1038/sj.leu.2405070
https://doi.org/10.1038/sj.leu.2405070
https://doi.org/10.3324/haematol.2009.010611


1 1Scientific RepoRtS |           (2020) 10:39  | https://doi.org/10.1038/s41598-019-56642-1

www.nature.com/scientificreportswww.nature.com/scientificreports/

 26. Hou, H. A. et al. Incorporation of mutations in five genes in the revised International Prognostic Scoring System can improve risk 
stratification in the patients with myelodysplastic syndrome. Blood Cancer J. 8, 39, https://doi.org/10.1038/s41408-018-0074-7 
(2018).

 27. Muller-Thomas, C. et al. Response to azacitidine is independent of p53 expression in higher-risk myelodysplastic syndromes and 
secondary acute myeloid leukemia. Haematologica 99, e179–181, https://doi.org/10.3324/haematol.2014.104760 (2014).

 28. Bally, C. et al. Prognostic value of TP53 gene mutations in myelodysplastic syndromes and acute myeloid leukemia treated with 
azacitidine. Leuk. Res. 38, 751–755, https://doi.org/10.1016/j.leukres.2014.03.012 (2014).

 29. Falconi, G. et al. Somatic mutations as markers of outcome after azacitidine and allogeneic stem cell transplantation in higher-risk 
myelodysplastic syndromes. Leukemia 33, 785–790, https://doi.org/10.1038/s41375-018-0284-9 (2019).

 30. Welch, J. S. et al. TP53 and Decitabine in Acute Myeloid Leukemia and Myelodysplastic Syndromes. N. Engl. J. Med. 375, 2023–2036, 
https://doi.org/10.1056/NEJMoa1605949 (2016).

 31. Hagemann, S., Heil, O., Lyko, F. & Brueckner, B. Azacytidine and decitabine induce gene-specific and non-random DNA 
demethylation in human cancer cell lines. PLoS One 6, e17388, https://doi.org/10.1371/journal.pone.0017388 (2011).

 32. Hollenbach, P. W. et al. A comparison of azacitidine and decitabine activities in acute myeloid leukemia cell lines. PLoS One 5, e9001, 
https://doi.org/10.1371/journal.pone.0009001 (2010).

 33. Montalban-Bravo, G. & Garcia-Manero, G. Myelodysplastic syndromes: 2018 update on diagnosis, risk-stratification and 
management. Am. J. Hematol. 93, 129–147, https://doi.org/10.1002/ajh.24930 (2018).

Acknowledgements
We are indebted to all patients and contributing doctors. We thank Jin Wha Lee for her role in data collection and 
management. This research was supported by a grant of the Korea Health Technology R&D Project through the 
Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health & Welfare, Republic of 
Korea (Grant Number: HR14C0007) and the Brain Korea (BK) 21 Plus Program.

Author contributions
B.H.L. and Y.P. proposed the study concept and design. B.H.L. wrote the first draft of the manuscript. B.H.L. and 
Y.P. analysed the data and prepared tables and figures. K.W.K., J.M.J., E.S.Y., and H.C. collected data and helped 
with the analyses. D.S.K., S.R.L., H.J.S., and B.S.K. helped with the data interpretation. C.W.C. and Y.P. provided 
critical revision of the manuscript. All authors reviewed and approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.W.C. or Y.P.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-019-56642-1
https://doi.org/10.1038/s41408-018-0074-7
https://doi.org/10.3324/haematol.2014.104760
https://doi.org/10.1016/j.leukres.2014.03.012
https://doi.org/10.1038/s41375-018-0284-9
https://doi.org/10.1056/NEJMoa1605949
https://doi.org/10.1371/journal.pone.0017388
https://doi.org/10.1371/journal.pone.0009001
https://doi.org/10.1002/ajh.24930
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Comparison between 5-day decitabine and 7-day azacitidine for lower-risk myelodysplastic syndromes with poor prognostic fea ...
	Methods
	Study design. 
	Treatment and response evaluation. 
	Statistical analysis. 

	Results
	Baseline characteristics. 
	Treatment response. 
	Survival analysis. 
	Meta-analysis. 
	Causes of death. 
	Safety. 

	Discussion
	Acknowledgements
	Figure 1 Flow diagram of patients from the Korea University MDS registry from October 2006 to December 2017.
	Figure 2 Kaplan–Meier survival analysis.
	Figure 3 Kaplan–Meier PFS curves in the two risk subgroups by IPSS-R.
	Figure 4 Meta-analysis and forest plots of ORR in patients treated with decitabine and azacitidine.
	Table 1 Patient characteristics.
	Table 2 Treatment responses.
	Table 3 Prognostic factor analysis for progression-free survival.
	Table 4 Causes of death.
	Table 5 Toxicity analysis.




