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ABSTRACT

To overcome unsatisfactory results of classical low-dose cytarabine (LDAC) of 
cytarabine ≤20 mg twice daily (BID) subcutaneously for 10 days for patients with 
elderly acute myeloid leukemia (eAML), we evaluated a modified LDAC (mLDAC) 
of cytarabine 20 mg/m2 BID subcutaneously plus etoposide 50 mg BID orally for  
14 days. To determine its feasibility, we compared outcomes of 77 and 42 eAML 
patients who received, respectively, mLDAC and decitabine (DAC; 20 mg/m2 
intravenously daily for 5 days), which has shown better outcomes compared to those 
of classical LDAC. Most of baseline characteristics of two groups were well balanced. 
The mLDAC group had a higher complete response (CR) rate compared to the DAC 
group (46.8% vs. 19.0%, P < 0.01). Unlike the classical LDAC, mLDAC induced CR 
in patients with adverse cytogenetics, with its rate similar to that of the DAC group 
(33.3% vs. 20.0%; P = 0.58). Meanwhile, mucositis, neutropenic fever and invasive 
aspergillosis were more frequently observed in the mLDAC group, with no difference 
in early mortality between two groups (P > 0.05). The median overall survival rates 
of the mLDAC and DAC groups were comparable (8.7 vs 8.3 months, respectively, P 
= 0.35), presumably because the advantage of higher CR rate in the mLDAC group 
was offset by beneficial effects of marrow response, which is observed dominantly in 
the DAC group. Our results suggested that the outcomes of classical LDAC could be 
improved by modest modifications, to be comparable to those of DAC.
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 INTRODUCTION

Acute myeloid leukemia (AML) is a hematologic 
malignancy most frequently affecting the elderly. As 

reported by the Surveillance, Epidemiology, and End 
Results (SEER) database, half of newly diagnosed patients 
are ≥65 years of age [1]. Survival rate of patients tends to be 
worse disproportionately to age at diagnosis [2], seemingly 
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due to several patient-related factors, including poor 
performance status (PS) and comorbidities, or disease-
related factors, including a high frequency of adverse 
cytogenetic risk, unfavorable molecular alterations, 
and multidrug resistance of the leukemia cells, features 
of elderly AML (eAML; commonly defined as AML in 
patients aged ≥60 years) [3]. Intensive chemotherapy 
(ICTx) should be performed preferentially for eAML 
patients, if they are expected to be tolerate it, considering 
the better outcomes achieved with ICTx compared 
with low-intensity treatments or best supportive care 
(BSC) in previous studies [4, 5]. Nevertheless, ICTx is 
contraindicated for a substantial proportion of patients 
because of a high probability of early mortality associated 
with poor PS or comorbidities.

A classical low-dose cytarabine regimen (cLDAC), 
consisting of cytarabine ≤20 mg subcutaneously (SC) 
twice daily (BID) for 10 days every 4–6 weeks, had been 
considered as an available therapeutic option for eAML 
patients unfit for ICTx [6–9]. Although a randomized 
trial showed better results compared with those of 
cytoreductive therapy using hydroxyurea, complete 
remission (CR) and overall survival (OS) rates were 
still unsatisfactory [6]. Among several efforts to develop 
novel drugs for these patients, hypomethylating agents 
(HMAs) have been receiving a lot of attention owing to 
its favorable toxicity profile [7–13]. Although randomized 
trials showed some benefits of decitabine (DAC) and 
azacytidine (AZA), including more potent anti-leukemic 
activity compared with treatments choice (cLDAC or 
BSC) or conventional care regimens (ICTx, cLDAC or 
BSC) [12, 13], the U.S. Food and Drug Administration did 
not approve either HMA for patients with eAML, except 
if they have oligoblastic (<30% of blasts) disease, because 
of a lack of definite survival advantages. Nevertheless, 
HMAs are preferred for this group of patients, owing to 
the better response and longer trend of survival compared 
with cLDAC.

As an alternative method to improve outcomes of 
eAML patients unfit for ICTx, we used a modification 
of cLDAC (mLDAC) involving extended administration 
of a relatively increased-dose of cytarabine plus 
etoposide, based on a number of previous observations, 
including the achievement of a relatively high CR rate by  
20 mg/m2 BID cytarabine regimen, the benefit of a 
prolonged etoposide schedule, and their syngeneic anti-
leukemic activity [14–18]. Our recent study showing an 
improved response and prolonged survival compared with 
those of previous reports of cLDAC suggested that this 
approach might be a feasible option [19]. In the current 
study, including eAML patients (age of ≥65 years) unfit 
for ICTx, we compared outcomes of consecutive patients 
who received mLDAC and DAC to investigate the degree 
of improvement in outcomes of cLDAC by this modest 
modification.

RESULTS

Patient demographics and baseline clinical 
characteristics

Of 119 eAML patients unfit for ICTx at our 
institution between October 2002 and December 2015, 
77 (64.7%) received mLDAC and 42 (35.3%) received 
DAC as a first-line treatment. In the entire cohort, the 
median age of patients at diagnosis was 71 (range, 
65–83) years, with 55 (46.2%) being ≤70 years. A high 
Eastern Cooperative Oncology Group (ECOG) PS score 
(defined as ≥2) and hematopoietic cell transplant co-
morbidity index (HCT–CI; defined as ≥3) were observed 
in 59 (49.6%) and 42 (35.3%) patients, respectively. 
The median peripheral blood (PB) white blood cell 
count was 8.9 × 109/l (range, 0.7–449.0 × 109/l), with a 
median 28.0% (range, 0–97%) blast count. An initial 
median bone marrow (BM) blast count was 81.0% (range, 
7.0–99.0%), with 105 patients (88.2%) having ≥30%. A 
myelodysplasia-related change or preceding hematologic 
diseases was observed in 23 patients (19.3%). In terms of 
cytogenetics risk, 112 (85.7%) and 17 (14.3%) patients had 
a favorable / intermediate, and adverse risk, respectively. 
The characteristics of patients, including the proportion of 
patients >70 years of age (51.9% vs. 51.7%, P = 0.73), or 
having a high HCT-CI (≥3; 33.8% vs. 38.1%, P = 0.64), 
and adverse cytogenetic risk (15.6% vs. 11.9%, P = 0.78), 
were comparable between the mLDAC and DAC group 
(P > 0.05), except significantly different proportions of 
patients with a low platelet count (<50 × 109/l; 59.7% 
vs. 38.1%, P < 0.04), a high lactate dehydrogenase 
(above upper normal limit; 85.7% vs. 66.7%,  
P = 0.03), and treatment before September 2013 (93.5% 
vs. 4.8%, P < 0.01). In the propensity-score matching 
cohort, the characteristics of all 84 patients were not 
significantly different between the two groups (P > 
0.10), apart from the proportion of patients who received 
treatment before September 2013 (92.9% vs 4.8%; P < 
0.01). All baseline demographic and clinical characteristics 
of the entire cohort and propensity-score matching cohort 
were described in Table 1.

Response rates

Patients received a median of 2 (range, 1–8) 
cycles of mLDAC or 4.5 (range, 1–14) cycles of DAC. 
After a median 1 (range, 1–2) and 4 (range, 1–7) cycles, 
respectively, 39 patients, including 3 incomplete CR (CRi) 
and 1 CR without platelet recovery (CRp) in the mLDAC 
group and 10 patients, including 2 CRp, in the DAC group 
achieved composite CR (CRc). The CR and CRc rates of 
the mLDAC group were significantly higher than those of 
the DAC group (46.8% vs. 19.0%, P < 0.01; and 50.6% 
vs. 23.8%, P < 0.01, respectively). In univariate analysis, 
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age (≤70 yrs vs. >70 yrs) and HCT–CI (<3 vs. ≥3) were 
the only additional potential predictors affecting CR and 
CRc rates (45.5% vs. 29.7%, P = 0.08; and 46.8% vs. 
31.0%, P = 0.09), respectively (Supplementary Table 1). 
Multivariate analysis showed that therapeutic regimen 
(mLDAC vs. DAC) was the only significant factor 
affecting the CR and CRc rate (odds ratio [OR] 3.72, 95% 
confidence interval [CI] 1.51–9.15, P < 0.01; and OR 3.28, 
95% CI 1.40–7.65, P = 0.01), with an only trend of age  
(≤70 vs. >70 years) affecting the CR rate (OR 1.96, 95% 
CI 0.90–4.30, P = 0.09) (Table 2). In 17 patients with 
adverse cytogenetic risk, 3 in the mLDAC group and 
1 in the DAC group achieved CR (33.3% vs. 20.0%,  
P = 0.58). When we analyzed patients in the propensity-

score matching cohort, the CR and CRc rates of the 
mLDAC group also were significantly higher than those 
of the DAC group (50.0% vs. 19.0%; P = 0.01 and 52.4% 
vs. 23.8%; P = 0.01, respectively).

In terms of the overall response (ORR) rate, no 
significant difference between the mLDAC and the DAC 
groups was observed (55.8% vs. 40.5%, P = 0.11). Age  
(≤70 vs. >70 years) was the only potential factor affecting 
the ORR rate (52.7% vs. 35.9%, P = 0.07) in univariate 
analysis (Supplementary Table 1). Multivariate analysis also 
showed that age was the only significant factor affecting 
the ORR (OR 2.34, 95% CI 1.11–4.93; P = 0.03) (Table 2). 
When we analyzed patients in the propensity-score matching 
cohort, the ORR rate also was not significantly different 

Table 1: Comparison of patients’ demographics and baseline clinical characteristics between the mLDAC and DAC 
groups

Characteristics
Entire cohort Propensity score–matching cohort

mLDAC group DAC group P mLDAC group DAC group P

Number of patients 77 42 42 42

Age at diagnosis, median (range) 71 (65–83) yrs 71 (65–83) yrs 0.43 71 (65–83) 71 (65–83) 0.78

 ≤70 yrs/>70 yrs 37 (48.1%)/40 (51.9%) 18 (42.9%)/24 (57.1%) 0.73 20 (47.6%)/22 (52.4%) 18 (42.9%)/24 (57.1%) 0.83

Sex

 Male/Female 41 (53.2%)/36 (46.8%) 21 (50.0%)/21 (50.0%) 0.88 23 (54.8%)/19 (45.2%) 21 (50.0%)/21 (50.0%) 0.83

ECOG PS score

 <2/≥2 41 (53.2%)/36 (46.8%) 19 (45.2%)/23 (54.8%) 0.40 21 (50.0%)/21 (50.0%) 19 (45.2%)/23 (54.8%) 0.83

HCT-CI

 <3/≥3 51 (66.2%)/26 (33.8%) 26 (61.9%)/16 (38.1%) 0.64 27 (64.3%)/15 (35.7%) 26 (61.9%)/16 (38.1%) 1.00

Disease etiology

 De novo/MRC or secondary 65 (84.4%)/12 (15.6%) 31 (73.8%)/11 (26.2%) 0.25 33 (78.6%)/9 (21.4%) 31 (73.8%)/11 (26.2%) 0.80

WBC count, median (range) 8.9 (0.7–449.0) × 109/l 8.8 (1.0–272.0) × 109/l 0.70 6.0 (0.8–325.6) × 109/l 8.8 (1.0–272.0) × 109/l 0.54

 <10.0 × 109/l/≥10.0 × 109/l 40 (51.9%)/37 (48.1%) 23 (54.8%)/19 (45.2%) 0.92 24 (57.1%)/18 (42.9%) 23 (54.8%)/19 (45.2%) 1.00

Hemoglobin, median (range) 8.0 (3.2–14.3) g/dl 8.3 (4.2–11.2) g/dl 0.91 8.3 (4.2–11.2) g/dl 8.3 (4.2–11.2) g/dl 0.65

 ≤8.0 g/dL/>8.0 g/dL 39 (50.6%)/38 (49.4%) 18 (42.9%)/24 (57.1%) 0.53 19 (45.2%)/23 (54.8%) 18 (42.9%)/24 (57.1%) 1.00

Platelet count, median (range) 41.0 (7.0–399.0) × 109/l 65.5 (5.0–403.0) × 109/l 0.01 46.0 (7.0–360.0) × 109/l 65.5 (5.0–403.0) × 109/l 0.20

 <50 × 109/l/≥50 × 109/l 46 (59.7%)/31 (40.3%) 16 (38.1%)/26 (61.9%) 0.04 23 (54.8%)/19 (45.2%) 16 (38.1%)/26 (61.9%) 0.19

PB blast, median (range) 31.0 (0–97.0) % 16.5 (0–94.0) % 0.36 29.5 (0–97.0%) 16.5 (0–94.0) % 0.70

 <30 %/≥30% 37 (48.1%)/40 (51.9%) 25 (59.5%)/17 (40.5%) 0.31 21 (50.0%)/21 (50.0%) 25 (59.5%)/17 (40.5%) 0.51

BM blast, median (range) 82.0 (7.0–99.0) % 73.5 (20.0–99.0) % 0.25 80.0% (20.0–99.0%) 73.5 (20.0–99.0) % 0.81

 <30 %/≥30% 10 (13.0%)/67 (87.0%) 4 (9.5%)/38 (90.5%) 0.79 7 (16.7%)/35 (83.3%) 4 (9.5%)/38 (90.5%) 0.52

LDH 

 ≤UNL/>UNL 11 (14.3%)/66 (85.7%) 14 (33.3%)/28 (66.7%) 0.03 8 (19.0%)/34 (81.0%) 14 (33.3%)/28 (66.7%) 0.22

Cytogenetic risk

 Favorable or Intermediate/
Adverse

65 (84.4%)/12 (15.6%) 37 (88.1%)/5 (11.9%) 0.79 38 (90.5%)/4 (9.5%) 37 (88.1%)/4 (11.9%) 1.00

Years at mLDAC or DAC*

 Before Oct 2013/After Oct 2013 72 (93.5%)/5 (6.5%) 2 (4.8%)/40 (95.2%) <0.01 39 (92.9%)/3 (7.1%) 2 (4.8%)/40 (95.2%) <0.01

mLDAC = modified low-dose cytarabine; DAC = decitabine; ECOG PS = the Eastern Cooperative Oncology Group performance status; HCT-CI = the hematopoietic cell 
transplant co-morbidity index; MRC = myelodysplasia-related change; PB = peripheral blood; BM = bone marrow; LDH = lactate dehydrogenase; UNL = upper normal limit.
*Since Oct 2013, DAC was added as an available option for elderly acute myeloid leukemia patients unfit for intensive chemotherapy at out institution. 
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between the mLDAC and DAC groups (55.8% vs. 40.5%,  
P = 0.11). The detailed response rates of two groups of the 
entire cohort and propensity-matching cohort are described 
in Figure 1.

Toxicities and early mortality

Although the incidences of grade 3–4 oral mucositis 
(44.2% vs. 9.5%, P < 0.01), neutropenic fever (74.0% vs. 
38.1%, P < 0.01), and invasive aspergillosis (16.9% vs. 
2.4%, P = 0.02) were significantly higher in the mLDAC 
group, early mortality rates on day 30 of the two groups 
were comparable (13.0% vs. 9.5%, P = 0.77). When we 
analyzed patients in the propensity-score matching cohort, 
the incidences of grade 3–4 toxicities, including mucositis 
(45.2% vs. 11.9%; P < 0.01) and neutropenic fever 
(73.8% vs. 38.1%; P < 0.01) were significantly higher in 

the mLDAC group. However, the incidence of grade 3–4 
invasive aspergillosis of the mLDAC group showed only 
a high trend compared to that of the DAC group (16.7% 
vs. 2.4%; P = 0.06). Early mortality rates on day 30 in the 
two groups were also not significantly different (11.9% 
vs. 9.5%; P = 1.00). The incidences of other relevant 
grade 3–4 relevant toxicities, including nausea/vomiting, 
diarrhea, hepatotoxicity, and renal toxicity, were not 
significantly different (P > 0.05) in both the entire and 
propensity-score matching cohorts, as shown in Table 3.

Relapse or disease progression 

Of 60 patients (43 in the mLDAC group and 17 in 
the DAC group) who achieved ORR, 41 (29 in the mLDAC 
group and 12 in the DAC group) experienced relapse or 
disease progression. The median CR and CRc duration of 

Table 2: Univariate and multivariate analyses of factors affecting CR, CRc, OR and OS rates

Factors
Univariate analysis

P
Multivariate analysis

P
Rate Odds or hazard ratio (95% CI)

CR rate
 Therapeutic regimen
 mLDAC vs. DAC  46.8% vs. 19.0% <0.01 3.72 (1.51–9.15) <0.01
 Age at diagnosis
 ≤70 yrs vs. >70 yrs 45.5% vs. 29.7% 0.08 1.96 (0.90–4.30) 0.09
CRc rate
 Therapeutic regimen
 mLDAC vs. DAC  50.6% vs. 23.8% <0.01 3.28 (1.40–7.65) 0.01
 HCT-CI
 <3 vs. ≥3 46.8% vs. 31.0% 0.09 1.95 (0.86–4.43) 0.11
OR rate
 Therapeutic regimen
 mLDAC vs. DAC  55.8% vs. 40.5% 0.11 1.83 (0.84–3.99) 0.13
 Age at diagnosis
 ≤70 yrs vs. >70 yrs 61.8% vs. 40.6% 0.02 2.34 (1.11–4.93) 0.03
OS rate (at 1 yr)
 Therapeutic regimen
 mLDAC vs. DAC  44.2% vs. 40.7% 0.35 0.79 (0.50–1.25) 0.31
 Age at diagnosis
 ≤70 yrs vs. >70 yrs 55.5% vs. 32.5% <0.01 0.49 (0.32–0.74) <0.01
 HCT-CI
 <3 vs. ≥3 51.3% vs. 41.3% 0.05 0.76 (0.42–1.29) 0.06
 Cytogenetic risk

 Non-adverse vs. adverse 46.4% vs. 25.5% 0.10 0.65 (0.42–1.02) 0.29

CI = confidence interval; CR = complete remission; mLDAC = modified low-dose cytarabine; DAC = decitabine; HCT-CI = the 
hematopoietic cell transplant co-morbidity index; CRc = composite complete remission; OR = overall response; OS = overall 
survival.
*In this table, only factors with P < 0.10 in univariate analysis are shown, with the exception of the therapeutic regimen 
(mLDAC vs. DAC) which is the main area of interest in this study.
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the mLDAC group was relatively longer than that of the 
DAC group, although the difference was not significant 
(22.9 vs. 10.7 months, P = 0.23 and 24.3 vs. 10.0 months, 
P = 0.05). However, the median ORR duration of the 
mLDAC group was significantly longer than that of the 
DAC group (22.7 vs. 9.3 months; P = 0.04). 

Salvage treatments

After receiving mLDAC or DAC, 100 patients (63 in 
the mLDAC group and 37 in the DAC group) experienced 
refractoriness, relapse, or disease progression. Of these 
patients, 18 (28.6%) of the mLDAC group and 13 (35.1%) 
of the DAC group received salvage chemotherapies, 
including 18 (6 in the mLDAC group and 12 in the DAC 
group) who received mLDAC and 13 (12 in the mLDAC 
group and 1 in the DAC group), received abbreviated 
(reduced-dose and/or shortened-duration) ICTx. Of note,  
7 patients (58.3%) of the DAC group, who received 
mLDAC as a salvage regimen, achieved subsequent 
ORR, including 5 CR, 1 CRi, and 1 marrow response 
(mR), whereas none of the mLDAC group, who received 
additional mLDAC as a salvage regimen, achieved 
significant responses. Of those who received abbreviated 
ICTx, 6 (50.0%) of the mLDAC group and 1 (100%) of the 
DAC group achieved subsequent CRc, including 1 CRi and 
2 CRp (Supplementary Tables 2 and 3).

Overall survival

The OS rates of the mLDAC and DAC groups were 
not significantly different (44.2% vs. 40.7% at 1 year,  

P = 0.35), with a median OS of 8.7 and 8.3 months, 
respectively (Figure 2). In univariate analysis, age (<70 vs. 
≥70 years), HCT-CI (<3 vs. ≥3), and cytogenetic risk (non-
adverse vs. adverse) were potential predictors affecting the 
OS rate (55.5% vs. 32.5% at 1 year, P < 0.01, 51.3% vs. 
41.3% at 1 year, P = 0.05, and 46.4% vs. 25.5% at 1 year,  
P = 0.10, respectively) (Supplementary Table 1). 
Multivariate analysis showed that age (<70 vs. ≥70 years) 
was the only significant factor affecting the OS rate (hazard 
ratio [HR] 0.49, 95% CI 0.32–0.74, P < 0.01), with HCT-
CI (<3 vs. ≥3)showing only a trend of affecting the OS rate 
(HR 0.76, 95% CI 0.42–1.29; P = 0.06) (Table 2). When we 
analyzed patients in a propensity-score matching cohort, 
no significant difference of OS rates also was observed 
between the mLDAC and DAC groups (45.2% vs. 40.7% 
at 1 year; P = 0.27).

Subgroup analyses

In the respective analyses for the mLDAC and 
the DAC group, age (≤70 vs. >70 years) was the only 
potential predictor affecting CR (33.3% vs. 8.3%,  
P = 0.06) and CRc (38.9% vs. 12.5%, P = 0.07) rates in the 
DAC group. Potential predictors of ORR rates were HCT-
CI (<3 vs. ≥3) in the mLDAC group (62.7% vs. 42.3%, 
P = 0.09) and age (≤70 vs. >70 years) in the DAC group 
(51.6% vs. 9.1%, P = 0.07). Age (≤70 vs. >70 years) in 
both groups (51.4% vs. 37.5% at 1 year, P = 0.03; and 
63.6% vs. 23.8% at 1 year; P = 0.01, respectively), and 
ECOG PS score (<2 vs. ≥2) and HCT-CI (<3 vs. ≥3) in 
the mLDAC group (48.8% vs. 38.9%, P = 0.03; and 51.0% 
vs. 30.8%, P = 0.07) were potential predictors affecting 

Figure 1: Detailed response rates of the mLDAC and DAC groups, in (A) the entire cohort and (B) propensity-score matching cohort
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the OS rate (Supplementary Table 4). Multivariate analysis 
showed that age (≤70 vs. >70 years) was the only significant 
factor affecting the OS rate (HR 0.54, 95% CI 0.33–0.89;  
P = 0.02) in the mLDAC group.

Regarding the relationship between response and 
survival, the OS rates of patients who achieved CRc 
were significantly higher than the OS rates of those who 
did not in both the mLDAC group (76.9% vs. 10.5% at  
1 year, P < 0.01) and the DAC group (100% vs. 18.7% at  
1 year; P < 0.01) (Figure 3A and 3B). Meanwhile, there 
was no significant difference in OS rate between the 
patients who achieved CR and those who achieved CRc 
(79.4% vs. 75.0% at 1 year, P = 0.17). The OS rate of 
patients who achieved partial response (PR) or mR 
compared with that of those who had no response (NR) 
was significantly higher in the DAC group (68.6% vs. 
10.7% at 1 year, P = 0.02), but not in the mLDAC group 
(0% vs. 11.8% at 1 year, P = 0.90) (Figure 3A and 3B). In 
addition, there was no significant difference in OS rates 
in patients achieving CRc (76.9% vs. 100% at 1 year,  
P = 0.47) and those not achieving CRc (10.5% vs. 23.4% 
at 1 year, P = 0.28) between the mLDAC and DAC group 

(Figure 3C and 3D). The OS rates of patients who relapsed 
or had disease progression were also not significantly 
different between the mLDAC and the DAC group (24.1% 
vs. 0% at 1 year, P = 0.61). 

DISCUSSION

The outcomes of eAML patients who received 
cLDAC in previous reports [6–8], were unsatisfactory, as 
indicated by a median OS of ≤6 month. To overcome these 
challenges, many novel agents have been investigated  
[7–12]. Since several pivotal studies, including the 
DACO-016 and AZA-AML-001 study, which showed 
improved outcomes of HMAs compared with conventional 
therapeutic modalities [12, 13], they have been preferred 
options in many countries [20]. Based on our previous 
report which suggested that mLDAC could be a feasible 
option [19], we expected that it also could be an alternative 
option for eAML patients unfit for ICTx, who are expected 
to have comparable outcomes with HMAs. In this study, 
we compared the outcomes of patients who were treated 
with mLDAC or DAC, which showed that modest 

Table 3: Comparison of clinically relevant grade 3–4 toxicities between the mLDAC and DAC groups

Toxicities
Entire cohort Propensity score-matching cohort

mLDAC group DAC group P mLDAC group DAC group P

Oral mucositis 31.2% 9.5% 0.01 45.2% 9.5% <0.01

Neutropenic fever 74.0% 38.1% <0.01 73.8% 38.1% <0.01

Invasive fungal infection 16.9% 2.4% 0.02 16.7% 2.4% 0.06

Nausea/vomiting 9.1% 4.9% 0.49 9.5% 4.9% 0.68

Diarrhea 5.2% 2.4% 0.66 7.1% 2.4% 0.62

Hepatotoxicity 2.6% 2.4% 0.99 2.4% 2.4% 1.00

Renal toxicity 5.2% 2.4% 0.66 4.8% 2.4% 1.00
mLDAC = modified low-dose cytarabine; DAC = decitabine.

Figure 2: Comparison of OS rates between the mLDAC and the DAC groups, in (A) the entire cohort and (B) propensity-score matching 
cohort.
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modifications of cLDAC could not only enhance response 
rates, but also increase survival of the mLDAC group to 
be comparable to the DAC group.

Despite different CR rates of eAML patients who 
received cLDAC in several studies, most did not exceed 
20% [6–8]. Meanwhile, the CR rate of patients in a study 
adopting 20 mg/m2 BID cytarabine for 10 days approached 
30% [14], implying the possible benefits of an increased 
cytarabine dose. Regarding etoposide, a randomized 
trial by Zhang et al. which compared the outcomes of 
relapsed/refractory (RR) AML patients who received a 
low-dose CAG regimen (granulocyte colony-stimulating 
factor 20 μg/m2 for 14 days, aclarubicin 14 mg/m2 for 4 
days, and cytarabine 10 mg/m2 BID for 14 days) with and 
without etoposide (14 mg/m2 for 14 days), showed that 
the etoposide group achieved a higher CR rate (71.1% 
vs. 50.9%; P < 0.01) [15]. Other studies suggested that 
a combination with cytarabine and etoposide potentiated 
anti-leukemic activity [16, 17] and a prolonged schedule 
for 14–21 days, which was adopted in this study, was 
more effective than the standard schedule for 3–5 days 
[18]. In line with these observations, the CR rate of the 

mLDAC group was relatively higher than that of patients 
receiving cLDAC or DAC in other studies [6–8, 12, 13]. 
Of note, in contrast to cLDAC of previous reports showing 
no efficacy in patients with adverse cytogenetic risk  
[6–8], mLDAC induced a significant response in this group 
of patients, which resulting in no significant difference in 
the CR rate between the mLDAC and the DAC groups. 
These results suggest that the anti-leukemic effect could 
be improved by modest modifications of cLDAC, even in 
patients with adverse disease-related features.

In this study, despite a higher CRc rates in the 
mLDAC group, there was no significant difference in OS 
rate between the mLDAC and the DAC groups. One reason 
explaining this is that a substantial proportion of patients 
in the DAC group, unlike the mLDAC group, achieved 
mR, which may contribute to their prolonged OS. In a 
subgroup analysis of the DAC group, patients who achieved 
mR had more survival benefits compared with those who 
had NR, which is consistent with a post-hoc analysis of a 
randomized phase III trial (AZA-001), showing that not 
only CR, but also PR and mR after HMA treatment as a best 
response, translated to survival advantages [21]. Although 

Figure 3: Comparison of OS rates between patients who achieved CRc and non-CRc of (A) the mLDAC, and (B) the DAC groups, and 
between the mLDAC and the DAC groups of the patients who achieved (C) CRc and (D) non-CRc.
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recent phase III trials of novel low-dose chemotherapy 
(LCTx) regimens (cLDAC vs cLDAC plus gemtuzumab 
ozogamicin and cLDAC vs. clofarabine) showed that a 
higher CRc rate in groups with novel agents did not result 
in improved OS rate, owing to the inferior post-relapse 
survival in the cLDAC groups [9, 22], post-relapse or 
disease progression survival were not different between two 
groups in our cohort, which implies the beneficial effect of 
mR for OS rate in the DAC group. 

A representative merit of DAC is its favorable 
toxicity profile. The DACO-016 study showed that DAC 
was associated with a relatively low incidence of grade 3–4 
toxicities, including neutropenic fever (34%), pneumonia 
(25%), and septic shock (6%), with a low rate of drug 
discontinuation owing to adverse events (6%) [13]. In 
another phase II study, that analyzed the efficacy and safety 
of DAC for eAML patients, the incidence of grade 3–4 
neutropenia (9.5%), pneumonia (13.1%), sepsis (6.0%), 
and invasive aspergillosis (3.6%) was clinically acceptable 
[23]. The low incidence of grade 3–4 toxicities, including 
neutropenic fever and invasive aspergillosis, of the DAC 
group in this study also supports the good tolerability 
of DAC. In contrast, a higher proportion of patients in 
the mLDAC group experienced grade 3–4 neutropenic 
fever and invasive aspergillosis. Their incidences were 
significantly higher compared to not only patients of 
the DAC group, but also those who received cLDAC 
in previous reports [6–8]. However, the rates of early 
mortality were similar between the two groups, suggesting 
the feasibility of mLDAC. Nevertheless, strategies to 
reduce the frequency of infectious complications in 
patients who receive mLDAC are needed. A retrospective 
study of eAML patients who received LTCx, by Bainschab 
et al. [24], suggested that routine prophylactic antibiotic 
administration was associated with a low incidence of 
infectious complications. In a randomized phase III 
study, a prophylactic use of posaconazole, compared with 
intraconazole or fluconazole led to a significantly lower 
rate of mortality caused by fungal infections (2% vs. 5%,  
P < 0.01) and a lower incidence of invasive aspergillosis 
(1% vs. 7%, P < 0.01), in patients who experienced 
prolonged neutropenia after chemotherapy [25]. A 
high incidence of infection-associated toxicity in the 
mLDAC group may be overcome by using a more potent 
prophylaxis, which is being studied by our group.

Most patients with RR AML have an extremely 
poor prognosis with a long-term sustained CR rate of  
≤5% resulting from chemotherapy only [26–29]. Several 
large retrospective studies showed that OS rates at 2 years 
did not exceed 15%, in those categorized as high-risk 
group owing to old age, short CR duration, and adverse 
cytogenetic risk [27, 28]. Considering the possibility of 
harboring these high-risk features, therapeutic strategies 
for most eAML patients who failed in their first-line 
treatment or relapsed have not been focused on cure 
following achievement of CR, but only on palliative 

control [26]. Of note, in this study, a substantial proportion 
of patients achieved additional CR after subsequent cycles 
of mLDAC after DAC failures. The epigenetic priming 
effect of DAC, which was observed in several previous 
studies [30, 31], may be an explanation. Considering the 
few reports of optimal strategies for RR eAML [26], a 
possible role of mLDAC as an attractive salvage regimen 
should be further investigated at least if patients received 
DAC as a first-line treatment.

In this study, the survival outcome of the mLDAC 
group was at least not inferior to that of the DAC group, 
with a higher CR rate, but more frequent infectious 
complications. It was also validated by the propensity-score 
matching cohort to alleviate any confounding effects from 
several unbalanced characteristics between the two groups. 
Improved outcomes of mLDAC compared with cLDAC in 
previous reports, coming close to outcomes achieved with 
DAC, a preferred option for eAML patients unfit for ICTx, 
suggest a modest modification of cLDAC could improve 
outcomes in this group of patients. The difference in the 
administration period between the two groups, arising 
from more recent usage of DAC, may complicate the 
interpretation of our results, because advances in supportive 
care over a decade might alter treatment outcomes. 
However, this does not change our overall conclusion, 
because the difference in their periods would favor 
outcomes in the DAC group. Considering its relatively low 
cost and easy accessibility, mLDAC may be an attractive 
therapeutic option for eAML patients unfit for ICTx. 
However, prospective comparative studies are needed to 
draw a definitive conclusion, considering the limitations 
of our study, including its retrospective nature, with no 
direct comparison between mLDAC and DAC. In addition, 
further efforts are also needed to determine the roles of 
more potent prophylaxis against infectious complications 
in mLDAC and mLDAC as a salvage regimen for patients 
experiencing DAC failure.

MATERIALS AND METHODS

Study population

At our institution, eAML received ICTx or LCTx 
according to a risk stratification strategy [19]. Since 
October 2002, patients determined to be candidates for 
LCTx by an ECOG PS score and/or HCT-CI of ≥2 have 
been treated with mLDAC [19]. In addition, DAC has 
been another option as LCTx for those ≥65 years of age, 
following the extended coverage of the National Health 
Insurance Service of Korea in October 2013. In this study, 
all consecutive patients ≥65 years of age who received 
LCTx, including mLDAC and DAC, were analyzed to 
determine whether modifications of cLDAC by extended 
administration of a relatively increased-dose of cytarabine 
plus etoposide could improve the outcomes of eAML 
patients unfit ICTx, compared with those of DAC. This 
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retrospective study was approved by the Institutional 
Review Board of the Catholic University of Korea 
(KC17OESI0285).

Low-intensity chemotherapy regimens

Patients of the mLDAC group received cytarabine 
(20 mg/m2 BID SC) plus etoposide (50 mg orally BID), 
every 6–8 weeks. If they achieved CRc after the first 
1–2 cycles of mLDAC for 14 days, additional cycles 
of mLDAC for 10 days (maximum of 7 cycles) were 
administered if patients tolerated the treatment and relapse 
did not occur. Patients of the DAC group received DAC  
(20 mg/m2 intravenously daily) every 4 weeks until no 
response after the first 4–6 cycles, relapse, or disease 
progression, if they did not experience any unacceptable 
toxicity [13]. A BM aspiration and biopsy for assessment 
of response and disease progression was performed after 
every cycle of mLDAC before achieving CRc and after the 
second and fourth cycle of DAC and then every 3 cycles or 
as clinically indicated.

If patients failed to achieve a significant response or 
experienced relapse and disease progression, considering 
the individual clinical situation, they received a salvage 
chemotherapy consisting of additional mLDAC, abbreviated 
ICTx, or BSC.

Definitions

Responses after mLDAC or DAC were assessed 
by an adaptation of the modified 2003 International 
Working Group Criteria as follows [32]: (1) CR as <5% 
BM blasts with full PB recovery (defined as neutrophil 
count of ≥1.0 × 109/l and platelet count of ≥100 × 109/l), 
(2) CRi and CRp as CR without full PB, (3) PR and mR 
as ≥50% decrease of BM blasts to 5–25% or <5% BM 
blasts with an Auer rod with and without full PB recovery, 
respectively. CRc and ORR were designated as CR + CRi 
+ CRp, and CRc + PR + mR, respectively. In addition, 
relapse and disease progression were defined as the 
reappearance of PB or BM blasts after achieving CRc and 
as ≥50% increase of PB blasts and ≥25% BM blasts over 
baseline after treatments, respectively [13]. The duration 
of responses was calculated as the number of days from 
first achieving the corresponding response to relapse or 
disease progression.

Cytogenetic risk at diagnosis was categorized 
based on the United Kingdom Medical Research Council 
classification [33]. The comorbidity of patients was assessed 
by HCT-CI [34]. Evaluation of toxicity was performed 
according to the National Cancer Institute Common 
Toxicity Criteria for Adverse Events, Version 3.0 [35]. 

Statistical analysis

The primary objective of this study was to compare 
the major outcomes, including response and OS rates 

between the mLDAC and DAC group. In addition, the 
incidences of clinically relevant toxicity, relapse and 
disease progression, and duration of responses were 
compared between the two groups. All time-dependent 
parameters were calculated from the day of the first 
administration of mLDAC or DAC. Continuous and 
categorical variables are described as medians with ranges 
and counts with relative frequencies, respectively. Baseline 
demographic and clinical characteristics of patients were 
compared using the independent two sample t-test for 
continuous variables and the χ2 or Fisher’s exact test for 
discrete ones. The OS rate was compared using the log-
rank test, following estimates by the Kaplan-Meier method. 
The prognostic significance of covariates was determined 
using the Cox proportional hazards model for OS rate 
and the logistic regression model for response rates. 
Meanwhile, incidences of relapse and disease progression 
were calculated using the cumulative incidence estimates 
and compared using Grey’s test. The therapeutic regimen 
as a main interest of our study was included in all steps 
of model building. However, the period of administration 
was excluded because of strong ordinal interaction with the 
therapeutic regimen. Factors were considered significant 
if they had an associated P < 0.05 as determined by the 
likelihood ratio test, using two-tailed significance. We also 
validated our results by constructing a propensity-score 
matching cohort to alleviate any confounding effects of 
measured covariates between the mLDAC and the DAC 
groups that had an unbalanced distribution. The propensity 
score for each individual patient was calculated by using a 
logistic regression model, fitted for a therapeutic regimen 
by the variables which were distributed unequally or 
significantly affected major outcomes (age, HCT-CI, 
platelet count, LDH and cytogenetic risk). Subsequently, 
one-to-one matched groups were created by nearest-
neighbor matching without replacement. Data were 
analyzed in July 2016 using R version 3.3.0 (R Foundation 
for Statistical Computing, Vienna, Austria).

ACKNOWLEDGMENTS AND FUNDING

We thank Wan Seo, M.D. for additional English proof 
reading, and this research was supported by Basic Science 
Research Program through the National Research Foundation 
of Korea (NRF) funded by the Ministry of Science, ICT & 
Future Planning (NRF-2015R1C1A1A01052764).

CONFLICTS OF INTEREST

The authors have no conflicts of interest to disclose.

REFERENCES

 1. Aversa F, Tabilio A, Terenzi A, Velardi A, Falzetti F, Giannoni C,  
Iacucci R, Zei T, Martelli MP, Gambelunghe C. Successful 
engraftment of T-cell-depleted haploidentical “three-loci” 



Oncotarget5832www.impactjournals.com/oncotarget

incompatible transplants in leukemia patients by addition of 
recombinant human granulocyte colony-stimulating factor-
mobilized peripheral blood progenitor cells to bone marrow 
inoculum. Blood. 1994; 84:3948–3955.

 2. Juliusson G, Antunovic P, Derolf A, Lehmann S, Mollgard L, 
Stockelberg D, Tidefelt U, Wahlin A, Hoglund M. Age and 
acute myeloid leukemia: real world data on decision to treat 
and outcomes from the Swedish Acute Leukemia Registry. 
Blood. 2009; 113:4179–4187.

 3. Ossenkoppele G, Lowenberg B. How I treat the older patient 
with acute myeloid leukemia. Blood. 2015; 125:767–774.

 4. Juliusson G. Older patients with acute myeloid leukemia 
benefit from intensive chemotherapy: an update from 
the Swedish Acute Leukemia Registry. Clin Lymphoma 
Myeloma Leuk. 2011; 11:S54–59.

 5. Juliusson G, Swedish AML Group. Most 70- to 79-year-
old patients with acute myeloid leukemia do benefit from 
intensive treatment. Blood. 2011; 117:3473–3474.

 6. Burnett AK, Milligan D, Prentice AG, Goldstone AH, 
McMullin MF, Hills RK, Wheatley K. A comparison of 
low-dose cytarabine and hydroxyurea with or without all-
trans retinoic acid for acute myeloid leukemia and high-risk 
myelodysplastic syndrome in patients not considered fit for 
intensive treatment. Cancer. 2007; 109:1114–1124.

 7. Dohner H, Lubbert M, Fiedler W, Fouillard L, Haaland A,  
Brandwein JM, Lepretre S, Reman O, Turlure P, Ottmann OG,  
Muller-Tidow C, Kramer A, Raffoux E, et al. Randomized, 
phase 2 trial of low-dose cytarabine with or without volasertib 
in AML patients not suitable for induction therapy. Blood. 
2014; 124:1426–1433.

 8. Kantarjian HM, Martinelli G, Jabbour EJ, Quintas-
Cardama A, Ando K, Bay JO, Wei A, Gropper S, 
Papayannidis C, Owen K, Pike L, Schmitt N, Stockman PK, 
et al. Stage I of a phase 2 study assessing the efficacy, safety, 
and tolerability of barasertib (AZD1152) versus low-dose 
cytosine arabinoside in elderly patients with acute myeloid 
leukemia. Cancer. 2013; 119:2611–2619.

 9. Burnett AK, Russell NH, Hunter AE, Milligan D, Knapper S,  
Wheatley K, Yin J, McMullin MF, Ali S, Bowen D, Hills RK,  
UK National Cancer Research Institute AML Working 
Group. Clofarabine doubles the response rate in older 
patients with acute myeloid leukemia but does not improve 
survival. Blood. 2013; 122:1384–1394.

10. Amadori S, Suciu S, Selleslag D, Aversa F, Gaidano G, 
Musso M, Annino L, Venditti A, Voso MT, Mazzone C,  
Magro D, De Fabritiis P, Muus P, et al. Gemtuzumab 
Ozogamicin Versus Best Supportive Care in Older 
Patients With Newly Diagnosed Acute Myeloid Leukemia 
Unsuitable for Intensive Chemotherapy: Results of the 
Randomized Phase III EORTC-GIMEMA AML-19 Trial.  
J Clin Oncol. 2016; 34:972–979.

11. Lancet JE, Cortes JE, Hogge DE, Tallman MS, 
Kovacsovics TJ, Damon LE, Komrokji R, Solomon SR, 
Kolitz JE, Cooper M, Yeager AM, Louie AC, Feldman EJ. 
Phase 2 trial of CPX-351, a fixed 5:1 molar ratio of 

cytarabine/daunorubicin, vs cytarabine/daunorubicin in older 
adults with untreated AML. Blood. 2014; 123:3239–3246.

12. Dombret H, Seymour JF, Butrym A, Wierzbowska A, 
Selleslag D, Jang JH, Kumar R, Cavenagh J, Schuh AC, 
Candoni A, Recher C, Sandhu I, Bernal del Castillo T, et al. 
International phase 3 study of azacitidine vs conventional 
care regimens in older patients with newly diagnosed AML 
with >30% blasts. Blood. 2015; 126:291–299.

13. Kantarjian HM, Thomas XG, Dmoszynska A, 
Wierzbowska A, Mazur G, Mayer J, Gau JP, Chou WC, 
Buckstein R, Cermak J, Kuo CY, Oriol A, Ravandi F,   
et al. Multicenter, randomized, open-label, phase III trial of 
decitabine versus patient choice, with physician advice, of 
either supportive care or low-dose cytarabine for the treatment 
of older patients with newly diagnosed acute myeloid 
leukemia. J Clin Oncol. 2012; 30:2670–2677.

14. Faderl S, Ravandi F, Huang X, Garcia-Manero G, Ferrajoli A,  
Estrov Z, Borthakur G, Verstovsek S, Thomas DA, 
Kwari M, Kantarjian HM. A randomized study of 
clofarabine versus clofarabine plus low-dose cytarabine 
as front-line therapy for patients aged 60 years and older 
with acute myeloid leukemia and high-risk myelodysplastic 
syndrome. Blood. 2008; 112:1638–1645.

15. Zhang X, Li Y, Zhang Y, Chen X, Zhang C, Gao L, Kong P,  
Liu Y, Wen Q, Zeng Y, Wang Q, Su Y, Wang C, et al. 
Etoposide in combination with low-dose CAG (cytarabine, 
aclarubicin, G-CSF) for the treatment of relapsed or refractory 
acute myeloid leukemia: a multicenter, randomized control 
trial in southwest China. Leuk Res. 2013; 37:657–664.

16. Lazzarino M, Morra E, Alessandrino EP, Inverardi D, 
Bernasconi P, Castagnola C, Bernasconi C. Etoposide-
cytarabine therapy for acute leukemia following 
myelodysplastic syndromes or secondary to treatment for 
malignant diseases. Haematologica. 1987; 72:341–345.

17. Rivera G, Avery T, Roberts DW. Response of L1210 to 
combinations of cytosine arabinoside and VM-26 or VP16-
213. Eur J Cancer. 1975; 11:639–647.

18. Greco FA. Future directions for etoposide therapy. Cancer. 
1991; 67:315–318.

19. Yoon JH, Cho BS, Kim HJ, Kim JH, Shin SH, Yahng SA, 
Lee SE, Eom KS, Kim YJ, Lee S, Min CK, Cho SG, 
Kim DW, et al. Outcomes of elderly de novo acute myeloid 
leukemia treated by a risk-adapted approach based on age, 
comorbidity, and performance status. Am J Hematol. 2013; 
88:1074–1081.

20. Nieto M, Demolis P, Behanzin E, Moreau A, Hudson I, 
Flores B, Stemplewski H, Salmonson T, Gisselbrecht C, 
Bowen D, Pignatti F. The European Medicines Agency 
Review of Decitabine (Dacogen) for the Treatment of 
Adult Patients With Acute Myeloid Leukemia: Summary of 
the Scientific Assessment of the Committee for Medicinal 
Products for Human Use. Oncologist. 2016; 21:692–700.

21. List AF, Fenaux P, Mufti GJ, Hellström-Lindberg E, Gore S, 
Bennett JM, Silverman LR, Backstrom J, Allen AR, 
Beach CL. Effect of azacitidine (AZA) on overall survival 



Oncotarget5833www.impactjournals.com/oncotarget

in higher-risk myelodysplastic syndromes (MDS) without 
complete remission. J Clin Oncol. 2008; 26:7006–7006.

22. Burnett AK, Hills RK, Hunter AE, Milligan D, Kell WJ, 
Wheatley K, Yin J, McMullin MF, Dignum H, Bowen D, 
Russell NH, UK National Cancer Research Institute AML 
Working Group. The addition of gemtuzumab ozogamicin 
to low-dose Ara-C improves remission rate but does not 
significantly prolong survival in older patients with acute 
myeloid leukaemia: results from the LRF AML14 and 
NCRI AML16 pick-a-winner comparison. Leukemia. 2013; 
27:75–81.

23. Lubbert M, Ruter BH, Claus R, Schmoor C, Schmid M, 
Germing U, Kuendgen A, Rethwisch V, Ganser A, 
Platzbecker U, Galm O, Brugger W, Heil G,  et al. A 
multicenter phase II trial of decitabine as first-line treatment 
for older patients with acute myeloid leukemia judged unfit for 
induction chemotherapy. Haematologica. 2012; 97:393–401.

24. Bainschab A, Quehenberger F, Greinix HT, Krause R, 
Wolfler A, Sill H, Zebisch A. Infections in patients 
with acute myeloid leukemia treated with low-intensity 
therapeutic regimens: Risk factors and efficacy of antibiotic 
prophylaxis. Leuk Res. 2016; 42:47–51.

25. Cornely OA, Maertens J, Winston DJ, Perfect J, Ullmann AJ, 
Walsh TJ, Helfgott D, Holowiecki J, Stockelberg D, Goh YT,  
Petrini M, Hardalo C, Suresh R, Angulo-Gonzalez D. 
Posaconazole vs. fluconazole or itraconazole prophylaxis in 
patients with neutropenia. N Engl J Med. 2007; 356:348–359.

26. Bryan JC, Jabbour EJ. Management of Relapsed/Refractory 
Acute Myeloid Leukemia in the Elderly: Current Strategies 
and Developments. Drugs Aging. 2015; 32:623–637.

27. Breems DA, Van Putten WL, Huijgens PC, Ossenkoppele GJ,  
Verhoef GE, Verdonck LF, Vellenga E, De Greef GE, Jacky E,  
Van der Lelie J, Boogaerts MA, Lowenberg B. Prognostic 
index for adult patients with acute myeloid leukemia in first 
relapse. J Clin Oncol. 2005; 23:1969–1978.

28. Chevallier P, Labopin M, Turlure P, Prebet T, Pigneux A, 
Hunault M, Filanovsky K, Cornillet-Lefebvre P, Luquet I, 
Lode L, Richebourg S, Blanchet O, Gachard N,  et al. A 
new Leukemia Prognostic Scoring System for refractory/
relapsed adult acute myelogeneous leukaemia patients: a 
GOELAMS study. Leukemia. 2011; 25:939–944.

29. Thalhammer F, Geissler K, Jager U, Kyrle PA, Pabinger I, 
Mitterbauer M, Gisslinger H, Knobl P, Laczika K, 

Schneider B, Haas OA, Lechner K. Duration of second 
complete remission in patients with acute myeloid leukemia 
treated with chemotherapy: a retrospective single-center 
study. Ann Hematol. 1996; 72:216–222.

30. Ye XN, Zhou XP, Wei JY, Xu GX, Li Y, Mao LP, Huang J, 
Ren YL, Mei C, Wang JH, Lou YJ, Ma LY, Yu WJ, et al. 
Epigenetic priming with decitabine followed by low-dose 
idarubicin/cytarabine has an increased anti-leukemic effect 
compared to traditional chemotherapy in high-risk myeloid 
neoplasms. Leuk Lymphoma. 2016; 57:1311–1318.

31. Li K, Hu C, Mei C, Ren Z, Vera JC, Zhuang Z, Jin J, Tong H.  
Sequential combination of decitabine and idarubicin 
synergistically enhances anti-leukemia effect followed 
by demethylating Wnt pathway inhibitor promoters and 
downregulating Wnt pathway nuclear target. J Transl Med. 
2014; 12:167.

32. Cheson BD, Bennett JM, Kopecky KJ, Buchner T, 
Willman CL, Estey EH, Schiffer CA, Doehner H, 
Tallman MS, Lister TA, Lo-Coco F, Willemze R, Biondi A, 
et al. Revised recommendations of the International 
Working Group for Diagnosis, Standardization of Response 
Criteria, Treatment Outcomes, and Reporting Standards 
for Therapeutic Trials in Acute Myeloid Leukemia. J Clin 
Oncol. 2003; 21:4642–4649.

33. Grimwade D, Hills RK, Moorman AV, Walker H, Chatters S, 
Goldstone AH, Wheatley K, Harrison CJ, Burnett AK, 
National Cancer Research Institute Adult Leukaemia 
Working G. Refinement of cytogenetic classification in 
acute myeloid leukemia: determination of prognostic 
significance of rare recurring chromosomal abnormalities 
among 5876 younger adult patients treated in the United 
Kingdom Medical Research Council trials. Blood. 2010; 
116:354–365.

34. Sorror ML, Maris MB, Storb R, Baron F, Sandmaier BM, 
Maloney DG, Storer B. Hematopoietic cell transplantation 
(HCT)-specific comorbidity index: a new tool for 
risk assessment before allogeneic HCT. Blood. 2005; 
106:2912–2919.

35. Trotti A, Colevas AD, Setser A, Rusch V, Jaques D, Budach V,  
Langer C, Murphy B, Cumberlin R, Coleman CN, Rubin P.  
CTCAE v3.0: development of a comprehensive grading 
system for the adverse effects of cancer treatment. Semin 
Radiat Oncol. 2003; 13:176–181.


