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Abstract
Background  Few Chinese study compared the impacts of idarubicin and daunorubicin based “3+7” intensive 
chemotherapies on early and long-term outcomes of AML patients through exploring their real-world data.

Patients and methods  Our none promyelocytic AML patients inducted with “3+7” regimens were studied to find 
out the factors relating with induction response and long term survival.

Results  Idarubicin induction was related with less chemotherapy refractory rate comparing with daunorubicin 
induction (10% vs 25%, P = 0.02). But cytogenetic molecular risk classification was the only independent factor relating 
with achieving CR after initial induction or chemotherapy refractory (P = 0.000 and 0.036). Both to overall survival 
(OS) and progress free survival (PFS), having transplantation and chemotherapy refractory were independent factors 
related, MLL rearrangement and DNA methylating related genes’ mutations as well. CR at time of transplantation and 
MLL rearrangement were independent factors relating both with OS after transplantation and relapse free survival 
after transplantation.

Conclusion  Traditional “3+7” chemotherapy regimen with idarubicin plays better in CR induction than that with 
daunorubicin. But the patient’s long-term survival related with clinical practice aspects, like having stem cell 
transplantation, as well as genetic alterations equally, like MLL rearrangement and DNA methylating related genes’ 
mutations.

Keywords  Acute myeloid leukemia, Idarubicin, Stem cell transplantation, MLL rearrangement, DNMT3A mutation, 
TET2 mutation
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Introduction
Acute myeloid leukemia (AML) is a malignant clonal 
disease of hematopoietic cell hierarchy that originated 
from normal primitive cells rather committed progenitor 
cells [9]. The pivotal efficient induction regimens are still 
standard “3+7” chemotherapy which consists of 7 days of 
continuous cytarabine with 3 days of anthracycline [15]. 
Daunorubicin (DNR) and idarubicin (IDR) are the most 
typically adopted anthracyclines except for regimens to 
those unfit for intensive chemotherapy. Idarubicin is less 
susceptible to cellular efflux by multidrug resistance pro-
teins [7], and has the virtue of increased duration of drug 
exposure compared with daunorubicin [31]. Earlier ran-
domized trials did show the superior response of regimen 
including idarubicin comparing with regimen including 
standard dose of daunorubicin [4, 6]. But some larger 
sample trials didn’t verify the different efficiency between 
daunorubicin and idarubicin [23, 28]. And although 
the attainment of morphologic complete remission is 
deemed as a early surrogate of long-term survival, the 
association between CR and OS is still argued in many 
AML trials especially in elder patients [8]. The clinical 
outcomes of AML related with general aspects of patients 
like age and gender [5, 16], clinical parameters at onset 
like white blood cell counts, FAB types and cytogenetic 
risk classifications [12, 14], and treatment aspects like 
induction chemotherapy regimens, treatment response 
of complete remission and hemotopoietic stem cell trans-
plantation et al [3, 33].

In china, a few retrospective clinical studies compared 
induction response of idarubicin and daunorubicin in 
limited samples. And the idarubicin based regimen 
showed superior response comparing with daunorubi-
cin based regimen whatever evaluated after one or two 
cycle of induction [21]. Another Chinese retrospective 
observation on single arm of idarubicin included regimen 
reported the 5  years survival of 49.18% and cytogenetic 
risk or complete remission after one course of induction 
as independent factors influencing the survival [30]. But 
few studies in China compared the difference of long-
term outcomes of patients who received idarubicin or 
daunorubicin based regimen. So, we made this retrospec-
tive observation of our patients who were inducted with 
either of the two anthracyclines to explore the different 
regimens’ impact on the induction response and many 
other clinical factors’ influences on these patients’ long-
term outcomes.

Material and methods
Patients
The observation study was approved by the ethical com-
mittee of Zhujiang hospital of southern medical univer-
sity. All AML patients of non-promyelocytic leukemia 
who were followed up in our center during past 4 years 

were reviewed. AML diagnosis was according to the 
patients’ bone marrow morphological test, karyocyte 
phenotype test by flowcytometry, karyotype test for 
bone marrow cells, and new generation sequencing test 
of AML related prognostic gene panel. The patients ini-
tially induced by IDR or DNR based “3+7” regimens were 
selected. We excluded AML patients with other intensive 
chemotherapy such as mitoxantron based “3+7”regi-
men or addition of a third agent like etoposide to the 
IDR or DNR based “3+7” induction regimen, as well as 
patients treated by low intensive chemotherapy such as 
azacytidine, decitabine with or without venetoclax. The 
inclusion and exclusion criterions were also shown in 
Fig. 1 of patient flow diagram. The patients were recog-
nized as de novo AML or secondary AML according to 
history of malignant diseases like nasopharyngeal carci-
noma, former myelodysplastic anemia or myeloprolif-
erative neoplasms of essential thrombocythemia, chronic 
myelogenous leukemia et al. The patients’ induction 
chemotherapies were underwent from Jun. 2014 to Feb. 
2022.

Inrollment and treatments
Those selected patients according to “3+7” induction 
chemotherapy whaever in our center or other care cen-
ter were retrospectively investigated. The first induc-
tion treatment should consist of continuous infusion 
of 100  mg/m2 cytarabine each day for 7  days and bolus 
intravenous injection of 8–12 mg/m2 IDR or 45–60 mg/
m2 DNR daily for 3  days. Patients were divided into 
IDR and DNR group. Those achieving partial remis-
sion after first induction had a repetitive induction regi-
men or even added a third hypomethylating agent like 
decitabine (20  mg/m2 intravenously daily for 5  days) or 
azacytidine (100 mg subcutaneously daily for 7 days) to 
the former induction regimen. Other partial remission 
patients converted to granulocyte colony-stimulating 
factor (G-CSF) priming low dose cytarabine regimen 
(with G-CSF subcutaneously daily form d1 to d14, cyta-
rabine 10 mg/m2 subcutaneously every 12 h from d1 to 
d14 and aclarubicin 14  mg/m2 intravenously daily from 
d1 to d4) or cephalotoxine ester included regimen (like 
homoherringtonine 1 mg/m2 intravenously daily from d1 
to d14 and cytarabine 10  mg/m2 subcutaneously every 
12 h from d1 to d14) since there are no standard chemo-
therapy for this situation. No remission patients mostly 
were given intermediate-dose cytarabine regimens that 
included purine nucleoside analogues like fludarabine 
(comprised by fludarabine 30 mg/m2 intravenously daily 
form d2 to d6, cytarabine 2 g/m2 intravenously over 4 h 
starting 4  h after fludarabine and G-CSF subcutane-
ously daily from d1 to d7) or cladribine (comprising with 
cladribine 5  mg/m2 intravenously daily from d1 to d5, 
cytarabine 2 g/m2 intravenously daily from d1 to d5 and 
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G-CSF subcutaneously daily from d0 to d5), and even one 
were given HLA fully matched sibling donor stem cell 
transplantation as rescue. Others no remission patients 
converted to G-CSF priming low dose cytarabine regi-
men mentioned above. Few patients were refractory to 
two consecutive induction treatments and would convert 
to salvage chemotherapy like the fludarabine or cladrib-
ine included regimens mentioned above or allogeneic 
stem cell transplantation. Most patients would achieve 
complete remission, and after one or two cycles of con-
solidation treatment like intermediate-dose cytarabine 
alone, they would be given stem cell transplantation in 
case of having a suitable stem cell donor and good remis-
sion status, or they would be followed up in out-patient if 
they are not having a donor or not in good performance 
status like ECOG score of no more than 2. The condi-
tioning regimen at transplantation were all myeloabla-
tive with either total body irradiation of a dose greater 
than 6 Gray or intravenous busulfan of total dose greater 
than 6.4 mg/Kg as previous report [32]. So we stratified 
the conditioning regimen into six categories referring to 
previous published method rather than basing on inten-
sity [17]. The stem cell transplantation was classified into 
autosomal stem cell transplantation and allogenetic stem 
cell transplantation which was further subgrouped into 
HLA fully matched sibling donor transplantation, HLA 
haploidentical relative’s donor transplantation and HLA 
fully matched unrelated donor transplantation. The treat-
ment procedure of enrolled patients were also shown in 

Fig. 1 of patient flow diagram. The grading of acute graft 
versus host disease (aGVHD) were according to modi-
fied Keystone Criteria [27]. The global severity of chronic 
GVHD (cGVHD) were classified according to consensus 
published previously [19].

Risk classification
Bone marrow hematopoietic cells chromosome exami-
nations were performed in all patients and karyotype 
results were applied in the risk classification. Some 
patients underwent new generation sequencing of genes 
with pivotal prognostic values like NPM1, FLT3, CEBPA, 
RUNX1, ASXL1 and TP53 [15], and genes with epigen-
etic modulating function like DMNT3A, TET2, IDH1 
or IDH2 [25]. Some patients detected the MLL fusion 
genes by polymerase chain reaction described before 
[2]. Patients were classified into favorable, intermediate 
or adverse risk category according to their cytogenetics 
and molecular abnormalities as published in 2016 NCCN 
clinical practice guidelines for AML [26].

Response criteria
The responses of induction therapy were classified into 
three status as complete remission (CR), partial remis-
sion (PR) and no remission (NR). CR referred to com-
plete relief of all leukemia related symptoms like fever, 
bleeding, fatigue and so on, as well as parameters of bone 
marrow blast cells less than 5% level, peripheral neutro-
phil more than 1000/μl and platelet count more than 

Fig. 1  Patients flow diagram, CR complete remission, NR no remission, PR partial remission, IDR idarubicin, DNR daunorubicin
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100,000/μl. PR referred to complete remission of leuke-
mia related symptoms and substantial decrement of the 
bone marrow leukemia cells to more than 50% of former 
level and to less than 25% but above 5% level. NR referred 
to not fulfil the conditions of CR or PR as those raised 
above [11]. Those patients couldn’t achieve CR after 
two induction courses were classified as chemotherapy 
refractory patients. Patients who died within 7  days of 
completing each of the two inductive chemotherapies or 
after 7 days of complications arising from marrow apla-
sia, usually hemorrhage or sepsis, before any remission 
status could be ascertained were defined as induction 
treatment failure.

Outcomes definition
CR of the primary two inductions were observed at first 
as a major outcome. With the increment of follow-up 

duration, the patients’ overall survival time (OS) were cal-
culated from the date of diagnosis of leukemia until death 
due to any cause and were censored at the last follow up 
of April 30th, 2023. The progress free survival time (PFS) 
were calculated in those not refractory patients from 
the date of achieving CR until loss of CR or death of any 
cause and were censored at the last follow up. Patents 
who underwent hematopoietic stem cell transplantation 
were not censored at the date of transplantation.

Statistical analysis
The IBM IPSS statistic program V22 were used for analy-
sis. To test factors that predict CR, the χ2 test and t test 
were used for univariate analysis, and the multiple logis-
tic regression model was used for multivariate analysis. 
The Kaplan-Meier method was used to estimate prob-
abilities of OS and PFS. The log-rank test was applied in 
univariate analysis and the proportional hazard model of 
Cox in multi-variate analysis of OS and RFS comparison. 
All statistical tests were 2 sided and set at 0.05 for signifi-
cant level.

Results
Patient characteristics
There were 219 patients who received idarubicin in 
their first standard “3+7” induction chemotherapy and 
36 patients who received daunorubicin in their first 
chemotherapy included in this study. The character-
istics of patients divided into two groups were listed 
in Table  1. The median age at onset was 39.5  years old 
(range, 10–70  years). Fifty percent patients were given 
the first course of chemotherapy at other blood centers. 
236 patients (92.6%) had white blood cell count docu-
mented at the time of diagnosis. 235 patients (92.2%) 
could be assigned to 3 cytogenetic and molecular risk 
categories. Among them, 82 (34.9%) were classified into 
favorable group, 102 (43.4%) were classified into inter-
mediate group and 51 (21.7%) in the adverse group. Only 
9 patients were secondary AML. All evaluable patients 
had ECOG score of no more than 3. More percent of 
patients in the daunorubicin group firstly inducted in 
other none-tertiary care centers comparing with patients 
of idarubicin group but without statistical significance 
(see Table 1). Less proportion of patients with more than 
50 × 109/L blood cell count at time of diagnosis placed in 
the daunorubicin group (see Table 1), since these patients 
would preferentially select a tertiary care center for first 
induction and more likely receive idarubicin based regi-
men. Gene mutation landscape is shown in Fig. 2. FLT3-
ITD mutation is most frequently happened in these 
intensive chemotherapy fit patients.

Table 1  The general characteristics of AML patients included in 
the idarubicin and daunorubicin groups

IDR group, 
n

DNR group, 
n

P

Median years of age at onset 
(range)

40 (10–70) 31 (11–67) 0.382

  <20 (%) 17 (7.8) 7 (19.4)
  ≥20 and ≤40 (%) 95 (43.4) 15 (41.6)
  >40 and ≤60 (%) 97 (44.3) 11 (30.6)
  ≥60 (%) 10 (4.6) 3 (8.3) 0.081
Gender
  Female (%) 96 (43.8) 12 (31.4)
  Male (%) 123 (56.2) 24 (68.6) 0.167
Site of their first chemotherapy 
course
  Our center (%) 115 (52.5) 13 (36.1)
  Other blood centers (%) 104 (47.5) 23 (63.9) 0.169
ECOG score documented
  0 (%) 26 (12.6) 2 (6.1)
  1 (%) 79 (38.3) 14 (42.4)
  2 (%) 89 (43.2) 14 (42.4)
  3 (%) 12 (5.8) 3 (9.1) 0.617
Secondary AML
  Yes 8 (3.7) 1 (2.8)
  No 209 (96.3) 35 (97.2) 1.000
Median white blood cell count at 
diagnosis

27.3 × 109/L 17.5 × 109/L 0.428

  ≤20 × 109/L (%) 94 (41.2) 15 (41.7)
  20–50 × 109/L (%) 37 (18.0) 6 (16.7)
  >50 × 109/L (%) 75 (34.0) 8 (22.2)
  Unknown 13 (6.7) 7 (19.4) 0.035
Cytogenetic risk group
  Favourable (%) 74 (33.8) 8 (22.2)
  Intermediate (%) 90 (41.1) 12 (33.3)
  Adverse (%) 40 (18.3) 11 (30.5)
  Unknown (%) 15 (6.8) 5 (13.9) 0.110
IDR idarubucin, DNR daunorubicin, FAB French-American-British classification
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Response to induction therapy
Of all patients, 158 (61.9%) achieved CR after first course 
of induction. Idarubicin group had more CR rate than 
daunorubicin group with marginal significance (P = 0.06, 
see Table  2). 4 NR patients after first course of induc-
tion didn’t undergo the second course of chemotherapy 
and were unevaluable if they are chemotherapy refrac-
tory or not. 2 of them died of serious infections post 
chemotherapy and other 2 of them was bridged to trans-
plantation directly. So, 31 patients eventually turned out 
to be of chemotherapy refractory. The chemotherapy 
refractory rates of evaluable idarubicin and daunoru-
bicin group were 10.2% and 25.0% respectively, which 
were significantly different (P = 0.02). The chemotherapy 
refractory or induction failure numbers of two groups 
were 24 (11.1%) and 9 (25.7%) respectively with statisti-
cally significant difference (P = 0.034, see Table 2). The CR 
rates after first induction and chemotherapy refractory 
rates in different groups were stratified by ECOG clas-
sification, diagnosis of secondary or de novo AML, first 
treatment site, cytogenetic risk group, age at onset and 

white blood cell count at diagnosis and listed in Table 3. 
In de novo AML, favorable risk patients and those of no 
more than 20 years old, the CR rate of idarubicin based 
regimen were statistically higher than that of daunorubi-
cin included regimen (P = 0.044, 0.043 and 0.023 respec-
tively, see Table 3). In groups of de novo AML, favorable 
risk patients and patients firstly inducted in our center, 
the refractory rate of idarubicin included regimen were 
lower than daunorubicin included regimen significantly 
(P = 0.023, 0.024 and 0.04 respectively).

Other factors associating with response to induction
The relationships of variables like induction regimen, 
ECOG classification, AML classification, risk classifica-
tion, onset age, first induction site, white blood cell count 
and mutations of DMNT3A, TET2, IDH1, IDH2 with CR 
after one course of induction or chemotherapy refractory 
were listed in Table 4. Overall, logistic regression analy-
sis revealed that risk classification was only indepen-
dent prognostic factor related with achieving CR by one 
course of induction or chemotherapy refractory. Higher 
risk group has OR of 0.211 for achieving CR and 5.061 
for chemotherapy refractory comparing with lower risk 
group (P = 0.000 and 0.041 respectively).

Post the initial two induction therapy
Of the unfavorable cytogenetic molecular risk AML 
patients, 117 (76.4%) underwent stem cell transplanta-
tion by the end of follow-up. 97 (82.9%) patients were 
given transplantation in CR1. 7 patients were given 
transplantation in CR2. Others undertook the stem cell 
transplantation as a salvage treatment directly. 36 unfa-
vorable cytogenetic molecular risk patients haven’t been 
given transplantation by the end of follow-up because of 
refusing to in 18 patients achieving CR1, relapse within 

Table 2  Results of induction therapy
IDR 
group, n 
(%)

DNR 
group, n 
(%)

OR P

219 36
CR by 1 course 142 (65.8) 17 (47.2) 2.061 0.06
CR after 2 courses 193 (88.1) 27 (75.0) 2.474 0.06
Chemotherapy refractory 22 (10.0) 9 (25.0) 2.99 0.02
Chemotherapy Refractory or 
induction failure by 2 courses of 
treatment

24 (11.2) 9 (25.0) 2.71 0.03

Converting to transplantation for 
NR after first induction

2 (0.9) 0 (0) 1.0

IDR idarubucin, DNR daunorubicin

Fig. 2  Mutation landscapes of patients with newly diagnosed AML treated with “3+7” induction chemotherapy. (Left) The names of genes which muta-
tion frequency is more than 1. (Right) The frequency of each mutation
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3 months after achieving CR1 in 6 patients, and chemo-
therapy refractory in 10 patients, death from consolida-
tion chemotherapy in 2 patients.

OS and PFS
With a median follow-up of 34  months, the predicted 
median OS for all patients observed were 69  months 
(95% CI 48.4 to 89.5 months). The OS time was signifi-
cantly corelated with genes for epigenetic modulating 
function like DMNT3A and TET2, MLL rearrangement, 
achieving CR after first induction, chemotherapy refrac-
tory and having stem cell transplantation (see Fig.  3). 
By Cox proportional hazard model analysis, not having 
stem cell transplantation and not achieving CR after first 
induction were the independent negative prognostic fea-
ture for OS (see Table 5), and not chemotherapy refrac-
tory, without MLL rearrangement, no TET2 mutation 
or DMNT3A mutation were the independent favorable 
prognostic features for OS (see Table  5). For PFS, not 
having transplantation was independent negative prog-
nostic feature for progress with hazard risk of 4.887 (95% 
CI 2.763 to 8.664; P = 0.000). Not chemotherapy refrac-
tory, not having DNMT3A mutation or MLL rearrange-
ment were independent favorable features for PFS with 
progression risk of 0.286, 0.448 and 0.287 respectively 

(P = 0.012, 0.013 and 0.001). Cytogenetic risk classifica-
tion, TET2 mutation, onset age, WBC count at diagno-
sis did not independently relate with either OS or PFS in 
multivariate analysis.

Factors associating with survival time post transplantation
Unfavorable cytogenetic molecular risk patients were 
legible for consolidation of stem cell transplantation 
and were sorted for further analysis to seek for statisti-
cally significant factors associating with long-term out-
comes like survive or relapse after transplantation. The 
median follow-up time post transplantation for these 
patients was 26 months. CR at transplantation, not MLL 
rearrangement or TET2 mutation were independently 
favorable features associating with survive post trans-
plantation (see Table  6). CR at transplantation and not 
MLL rearrangement were found to be independent favor-
able factors relating with avoiding relapse post trans-
plantation (see Table  6). In the allogeneic transplanted 
patients, CR at transplantation, not MLL rearrange-
ment or TET2 mutation and use of ATG were favor-
able independent features for survival post-transplant 
(see Table  6). Achieving CR after first induction or CR 
at time of transplantation, not MLL rearrangement, 
not DNMT3A mutation or not KRAS mutation were 

Table 3  CR rates in rows stratified by general characteristics
CR rate, n (%) Refractory rate, n (%)
IDR group DNR group P IDR group DNR group P

Evaluable patients 219 35 215 35
ECOG classification
≤1 66 (62.9) 8 (50) 0.326 10 (9.7) 5 (31.2) 0.016
≥2 66 (65.3) 7 (41.2) 0.058 8 (8.1) 4 (23.5) 0.053
Diagnosis classification
Secondary AML 6 (75.0) 1 (100) 1 1 (12.5) 0 (0) 1
De novo AML 139 (64.7) 17 (47.2) 0.044 21 (10.2) 9 (25.7) 0.023
Cytogenetic risk group
Favourable 62 (83.8) 4 (50.0) 0.043 1 (1.4) 2 (25) 0.024
Intermediate 52 (57.8) 5 (41.7) 0.291 12 (13.6) 3 (25) 0.383
Adverse 15 (37.5) 6 (54.5) 0.309 9 (23.1) 3 (27.3) 1.0
Unknown 12 (80.0) 2 (40.0) 0.131 0 (0.0) 1 (20.0) 1.0
First chemotherapy site
Our center 78 (68.4) 5 (38.5) 0.060 10 (8.9) 4 (30.8) 0.04
Other centers 63 (60.0) 12 (52.2) 0.490 12 (11.7) 5 (21.7) 0.196
Age at onset (years)
≤20 12 (70.6) 1 (14.3) 0.023 1 (5.9) 3 (42.9) 0.059
>20 and ≤40 56 (58.3) 11 (73.3) 0.269 12 (12.6) 3 (20.0) 0.428
>40 and ≤60 66 (68.8) 5 (45.5) 0.176 8 (8.6) 3 (27.3) 0.091
>60 7 (70) 0 (0) 0.070 1 (10.0) 0 (0) 1.0
WBC at diagnosis, ×109/L
≤20 53 (56.4) 8 (53.3) 0.825 8 (8.6) 4 (26.7) 0.062
>20 and ≤50 26 (70.3) 4 (66.7) 1.0 4 (11.1) 1 (16.7) 0.557
>50 55 (72.4) 3 (37.5) 0.10 8 (10.8) 3 (37.5) 0.07
Unknown 7 (53.8) 2 (28.5) 0.374 2 (16.6) 1 (14.2) 1.0
IDR idarubucin, DNR daunorubicin, FAB French-American-British classification, WBC white blood cell count, NA not available for small sample
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favorable independent factors associating with avoiding 
relapse after transplantation (see Table 6).

Adverse events
One hundred and thirty patients underwent initial induc-
tion chemotherapy in our blood center and their adverse 
events were evaluable. The mean duration with a neu-
trophil count less than 1.0 × 109/L after the initial che-
motherapy were 25.3  days for the idarubicin group and 
22.2 days for the daunorubicin group (P = 0.539). And the 
mean duration with platelet counts less than 20 × 109/L 
was 14.4 days for the idarubicin group and 14.7 days for 
the daunorubicin group (P = 0.943). Sepsis occurred in 4 
patients in the idarubicin group but none in the dauno-
rubicin group. Early death within 60 days occurred in 1 
patient in each chemotherapy group. The most frequently 
occurred adverse events were pneumonia and febrile 
neutropenia which accounting for 66.9% cases. Gastro-
intestinal and upper respiratory infections were other 
major adverse events. We didn’t find significant differ-
ence of adverse events occurrence between two groups 
(Table 7).

Discussion
Our real-world retrospective observation verified again 
that idarubicin included regimen was superior to dau-
norubicin included regimen as an initial induction che-
motherapy for achieving CR and avoiding chemotherapy 
resistant. The differences between idarubicin and dauno-
rubicin effects were even statistically obvious when sec-
ondary AML was excluded. The results coincided with 
the former meta-analyses which reported the similar ten-
dency with much larger samples included in the compari-
son, but fewer stem cell transplantation included in the 
treatment schedule [1, 20, 35]. Meanwhile, we observed 
a similar post induction CR rate to that of former clinical 
trials in idarubicin group [4, 20, 28]. Our CR rate after 
first induction with daunorubicin was also comparable 
with that of former reported articles using similar stan-
dard “3+7” regimen [6, 36]. Although previous article 
reported that the 3 days of idarubicin caused more pro-
found myelosuppression than ordinary daunorubincin 
dosage [22], We didn’t find significant prolongation of 
neutropenia and thrombocytopenia after induction 
treatment of idarubicin comparing with daunorubicin. 
The result suggested both regimens are biological dose 
equivalent. As to adverse events, Pneumonia and febrile 
neutropenia almost equally happened in our two groups. 
But we found more cases of sepsis and gastrointestinal or 
upper respiratory infections in idarubicin group without 
statistical significance. This is also coinside with previous 
reports.

Although idarubicin showed its advantage in induction 
of CR and avoiding chemotherapy resistance, it was not 
verified to be statistically significant in multivariate anal-
ysis. Some factors were considerablely different between 
idarubicin and daunorubicin based regimen in our col-
lection of retrospective data. More percent of favourable 
and less percent of adverse cytogenetic risk classified 
patients were found in idarubicin group (see Table  1). 
To our interest, lower cytogenetic molecular risk grade 
was found to be the only statistically independent favor-
able factor to predict initial induction CR and avoiding 
chemotherapy refractory. Such relationship between risk 
classification and CR induction was also implied in the 
past reports which concluded cytogenetics were key fac-
tor associated with more probability of early and deep 
responses whatever in adults with AML or the elder with 
AML [10, 29]. The relationship looks reasonable since 
some critical mutations which deciding AML risk clas-
sification closely related with the neoplasm clone evolu-
tion (such as BCR-ABL1 fusion, complex karyotye) and 
cell apoptosis abnormality (such as TP53 mutaiton). Such 
mutations may influenced chemotherapy sensitivity and 
their inbalance of distribution in treatment groups influ-
enced CR rates profoundly.

Table 4  Factors that predicted CR after one course of 
chemotherapy and chemotherapy refractory in all evaluable 
patients by multi-variate analysis
Variables CR after first course of 

chemotherapy
Chemotherapy 
refractory

OR (95% CI) P value OR (95% CI) P 
value

Cytogenetic risk 
group

0.211 
(0.094–0.476)

0.000 5.061 
(1.071–23.921)

0.041

DNMT3A 
mutation

0.406 
(0.145–1.136)

0.086 1.160 
(0.249–5.401)

0.850

WBC count 1.005 
(0.999–1.010)

0.112 1.00 
(0.993–1.008)

0.972

IDH1 mutation 2.815 
(0.618–12.812)

0.181 0.600 
(0.063–5.764)

0.658

de novo to sec-
ondary AML

0.284 
(0.030–2.718)

0.275 0.433 
(0.040–4.695)

0.491

TET2 mutation 1.721 
(0.546–5.430)

0.354 0.446 
(0.049–4.050)

0.473

IDH2 mutation 0.629 
(0.184–2.143)

0.458 3.190 
(0.776–13.112)

0.108

DNR based 
induction

1.117 
(0.403–3.097)

0.832 2.419 
(0.705–8.301)

0.160

Higher ECOG 
score

1.065 
(0.520–2.182)

0.863 0.776 
(0.270–2.234)

0.639

Onset age 1.002 
(0.976–1.028)

0.890 0.983 
(0.944–1.023)

0.395

initially inducted 
in our center

1.008 
(0.496–2.047)

0.983 0.849 
(0.297–2.423)

0.759

OR reflected the increased risk of CR for lower cytogenetic risk groups, 
increasing of one year age or increment of 1 × 109/L WBC count
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As to OS and PFS, our results verified that having stem 
cell transplantation or not chemotherapy refractory not 
only independently favored OS, but also independently 
favored PFS. Other previous studies on AML patients 
either of all cytogenetic risks or of the senior aged also 
found having transplantation an independent favorable 
factor relating long-term survival [14, 33]. On one hand, 
transplantation procedure not only more deeply reduced 
the burden of leukemia cells, but also may deliver a long 
lasting allo-genetic anti-tumor effect for majority of AML 
patients. On the other hand, chemotherapy refractory 
reflects the virtue of leukemia cells to resist chemother-
apy drugs and the probability of leukemia residue lasting. 
So, it’s not difficult to understand their relationships with 
OS and PFS.

Our multivariate analysis further showed MLL rear-
rangement and DNA methylating-related genes’ muta-
tions to be the negative features associating with OS and 
PFS. MLL rearrangement leads to the fusion of MLL with 
transcriptional activators like AF4, AF9, AF10 and ENL 
[13]. These fusion proteins overexpresses MLL target 
genes, including HOXA9 and MEISI, which are required 
for hemopoietic stem cell self-renewal [24]. So MLL rear-
rangement may support leukemia transformation and 

Table 5  Results of the multivariate analysis of independent 
factors associated with overall survival in our AML patients

HR 95% CI P
Stem cell transplantation
Had 1
Haven’t had 7.068 3.907–12.787 0.000
MLL rearrangement
Positive 1
Negative 0.184 0.088–0.385 0.000
TET2 mutation
Positive 1
Negative 0.314 0.151–0.655 0.002
Chemotherapy refractory
Yes 1
No 0.310 0.140–0.686 0.004
DNMT3A mutation
Positive 1
Negative 0.492 0.255–0.947 0.034
Initial induction chemotherapy respond
CR 1
No CR 1.883 1.016–3.488 0.044

Fig. 3  Kaplan Meier curve of OS a predicted median survival time for patients without and with MLL rearrangement were 74 and 19 months. b pre-
dicted median survival time for patients without and with TET2 mutation were 74 and 17 months. c predicted median survival time for patients without 
and with DNMT3A mutation were not reached and 74 months. d predicted median survival time for patients not achieving CR and had achieved CR 
for first induction chemotherapy were 39 months and not reached. e predicted median survival time for patients of no chemotherapy refractory and 
the chemotherapy refractory were 74 and 23 months. f predicted median survival time for patients had no stem cell transplantation and had stem cell 
transplantation 11 months and not reached
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negatively relate with our patient’s survival and disease 
relapse. DNMT3A mutation was also the independent 
negative factor relating with OS and PFS in our patients. 
DNMT3A is responsible for the de novo methylation of 
DNA. DNMT3A mutation was thought to be a loss of 
function mutation [18]. DNMT3A mutation was found 
to be present in highly purified hematopoietic stem 
cells in AML patients, and stem cells bearing DNMT3A 
mutation showed a multilineage repopulation advan-
tage over stem cells without DNMT3A mutation [34]. So 
DNMT3A mutation appears to be the representatives of 
preleukemic cells that eventually evolves in AML. This 
feature of DNMT3A mutation may explain the relation-
ship of this mutation with inferior OS and PFS.

MLL rearrangement was again verified to be the inde-
pendent relative factors with overall survival post trans-
plantation and relapse free survival post transplantation. 
The result suggested the MLL rearrangement bear a 
rather closely relationship with disease development. To 
achieve CR at time of transplantation, rather not che-
motherapy refractory, is another independent factor 
correlated with both good survival and less relapse post 
transplantation. This result suggested comparing with 
having a chemotherapy resistant feature, to achieve a 
temporarily leukemia free status before transplantation 
is more important to survive for patients with desired 
transplantation.

In this observation, we verified some obvious rela-
tive factors with CR induction and long-term survival of 
AML patients. But the sample was imbalanced between 
the groups of idarubicin and daunorubicin. In fact, in the 
real-world practices more and more AML patients tend 
to be given idarubicin as an initial induction treatment 
in a tertiary center. It may cause the sample variation 
larger in our daunorubicin group and limit the sample 
presentational power. Additionally, the median follow-
up time of our patients are still limited which cause the 
longer outcome results are not available in most patients, 
and we cannot compare the 5-year OS and PFS between 
subgroups. Despite the limitations above, we still could 
conclude that beside clinical factors, like stem cell trans-
plantation, CR at transplantation and chemotherapy 
refractory, MLL rearrangement and DNA methylating 

related gene’s mutations, like DNMT3A mutation and 
TET2 mutation, were the equally critical features to pre-
dict long-term survival for AML.

Conclusion
Our clinical observation supported that traditional “3+7” 
chemotherapy regimen with idarubicin plays better in CR 
induction than that with daunorubicin. But the patients 
long-term survival related with clinical aspects, like hav-
ing stem cell transplantation and achieving CR at trans-
plantation, as well as genetic alterations equally, like 
MLL rearrangement and DNA methylating related genes’ 
mutations.
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of cumulative incident of relapse (CIR), disease free survival (DFS) and overall 
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associated with a lower incidence of stage II-IV and stage III-IV acute GVHD 
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The 2-year overall survival (OS) was 55% versus 56% (P =.57) and leukemia-
free survival (LFS) was 49% versus 54% (P =.74) for BM and PBSC, respectively. 
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hundred and seventy-seven patients (60%) attained remission following 
initial chemotherapy while 58 patients (20%) required an additional cycle of 
intensive chemotherapy for remission. Patients requiring 2 cycles to reach 
remission were less likely to be NPM1 mutated (33% versus 51%; P=.025) 
or be in the ELN 2017 favorable risk category (25% versus 57%; P<.001). In 
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DNMT3A(mut)-bearing HSCs showed a multilineage repopulation advan-
tage over non-mutated HSCs in xenografts, establishing their identity as 
pre-leukaemic HSCs. Pre-leukaemic HSCs were found in remission samples, 
indicating that they survive chemotherapy. Therefore DNMT3A(mut) arises 
early in AML evolution, probably in HSCs, leading to a clonally expanded 
pool of pre-leukaemic HSCs from which AML evolves. Our findings provide 
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between IA and DA was not statistically significant (infection, P =.28; cardiac 
toxicity, P =.15; bleeding, P =.29). In the subgroup analysis, the genotypes of 
the IA and DA groups were not statistically significant for comparison of CR 
between the two groups (P =.07). Conclusion: This meta-analysis showed that 
IA had a better efficacy in the treatment of acute myeloid leukemia than DA, 
even with increased doses of DA. The OS of a standard dose of IA patients 
was longer than that of DA patients. Our research shows that anthracycline 
dose intensification of daunorubicin is of no clinically relevant benefit in AML 
patients comparing with a standard dose of IA. When it comes to adverse 
drug reactions, it is not a significant difference. Therefore, in clinical practice, 
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untreated adults with AML aged 15 years or more who were randomized to 
receive for induction therapy cytarabine 100 mg/m2/d as a continuous 7-day 
infusion plus either daunorubicin 45 mg/m2/d (A + D) or idarubicin 13 mg/
m2/d (A + I), daily on the first three days of treatment. Postremission therapy 
consisted of two courses of the induction regimen at the same daily doses, 
with the anthracycline administered for 2 days and cytarabine for 5. The com-
plete response (CR) rates for evaluable patients were 70% (A + I) and 59% (A 
+ D) (P =.08). The difference in CR rates was significant in patients aged 18 to 
50 years (88% for A + I, 70% for A + D, P =.035). Resistant disease was a signifi-
cantly more frequent cause of induction therapy failure with A + D than with 
A + I. Hyperleukocytosis (white blood cell count greater than 50,000/microL) 
unfavorably affected the attainment of CR with A + D but not with A + I. CR 
duration was significantly greater after A + I. CR duration was significantly 

greater after A + I treatment, and the survival of all randomized patients 
treated with A + I was significantly better than that observed after A + D 
treatment (median 12.9 months v 8.7 months, respectively, P =.038). Toxicity 
of the two treatments was similar, although A + I patients experienced more 
prolonged myelosuppression during consolidation therapy, and a greater 
incidence of mild chemical hepatitis was observed in the A + I group. It is 
concluded that, at the doses and schedule used in this study, A + I is superior 
to A + D for induction therapy of AML in adults.)
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