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Abstract
Idarubicin 12 mg/m2 has been recommended as a standard induction therapy for acute myeloid leukemia (AML). It is 
unknown whether a higher dose of idarubicin can improve the remission rate. This phase 2 prospective single-arm study 
enrolled 45 adults with newly diagnosed AML between September 2019 and May 2021 (NCT 04,069,208). Induction 
therapy included administration of idarubicin 14 mg/m2 for 3 days and cytarabine 100 mg/m2 every 12 h subcutaneously for 
7 days. The primary endpoint was the composite complete response rate (complete response (CR) plus complete response 
with incomplete blood count recovery (CRi)). The median age was 45 years (range 14–60 years). Forty (88.9%) patients had 
CR or CRi, including 39 patients with CR and 1 patient with CRi after one course of induction therapy. The median times 
to recovery of absolute neutrophil and platelet counts were 21 days. Only 1 patient died of intracranial hemorrhage during 
induction therapy. After a median follow-up of 14 months (range 3.5–24 months), the estimated 18-month overall survival 
and disease-free survival (DFS) were 66.9% and 57.5%, respectively. In conclusion, idarubicin 14 mg/m2 plus cytarabine 
was a safe and efficient intensive regimen for younger and fit patients with newly diagnosed AML.
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Introduction

The combination of anthracycline plus cytarabine has been 
the standard induction therapy for acute myeloid leukemia 
(AML) for more than 3 decades. For young and fit adults, 
the complete remission rates (CRs) are approximately 60% 
after one course [1–3]. Over the years, modifications to the 
anthracycline plus cytarabine induction strategy have been 
implemented. Studies have shown that daunorubicin 90 mg/
m2 provides a higher complete remission rate and higher 

overall survival than daunorubicin 45 mg/m2 as part of the 
7 + 3 regimen [4–6]. These results indicate that anthracy-
cline dose intensification could improve complete remission 
and survival. Other efforts have included using alternative 
anthracyclines. A randomized trial by EORTC-GIMEMA 
compared daunorubicin 50 mg/m2, mitoxantrone 12 mg/
m2, and idarubicin 10 mg/m2 plus cytarabine and etopo-
side, and the results showed that mitoxantrone or idaru-
bicin improved the 5-year disease-free survival and overall 
survival rates compared with daunorubicin [7]. Pautas and 
colleagues also showed improved rates of complete remis-
sion and 4-year event-free survival with administration of 
idarubicin 12 mg/m2 compared with daunorubicin 80 mg/m2 
for 3 days [8]. Another randomized trial compared dauno-
rubicin 90 mg/m2 and idarubicin 12 mg/m2 plus cytarabine. 
After one course of induction, 69.2% of patients attained 
CR. The CR rate and survival did not show significant dif-
ferences between the two arms [9]. Based on these results, 
administration of idarubicin 12 mg/m2 for 3 days is used as 
standard induction therapy for young and fit newly diag-
nosed AML.
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Although the remission rate and survival have improved 
in recent years, it is still important to improve induction 
chemotherapy, since better initial cytoreduction and induc-
tion of minimal residual disease negativity can reduce or 
delay the risk of subsequent relapse and thereby improve 
survival [10–12]. In a previous study, daunorubicin dose 
intensification improved the complete remission rate and 
survival, suggesting the potential of further intensifying the 
anthracycline dose. Idarubicin doses greater than 12 mg/m2/
day have rarely been investigated. To address these ques-
tions, we designed this phase 2, prospective, single-arm 
study to evaluate the efficacy and safety of administration of 
idarubicin 14 mg/m2 for 3 days plus a standard dose of cyta-
rabine as induction therapy for younger (aged ≤ 60 years) 
and fit patients with newly diagnosed AML.

Methods

Study design and participants

This phase 2, single-center, single-arm trial was conducted 
by the Peking Union Medical College Hospital (Beijing, 
China). All patients aged 60 years or younger with newly 
diagnosed de novo AML were considered eligible candidates 
for this study. Patients with acute promyelocytic leukemia 
or secondary AML with a history of antecedent hematologi-
cal disorders, including myelodysplastic syndrome, chronic 
myelomonocytic leukemia, or myeloproliferative neoplasms, 
were not eligible. No lower age limit was specified in the 
protocol, but this trial was performed in the adult leukemia 
department; therefore, treated patients were aged 14 years 
and older. All patients were required to have an ejection 
fraction of > 50% determined by echocardiography. Other 
eligibility criteria included an Eastern Cooperative Oncol-
ogy Group performance status of 2 or less and good organ 
function.

Informed consent was obtained from all patients, and the 
protocol was approved by the Peking Union Medical Col-
lege Hospital Ethics Committee. The study was performed in 
accordance with the ethical standards of the 1964 Declara-
tion of Helsinki and its later amendments.

Cytogenetic, molecular, and measurable residual 
disease analyses

Cytogenetic evaluation using standard metaphase karyotype 
analysis and molecular analysis via a 42-gene next-gener-
ation sequencing platform was performed (as previously 
described) at study enrollment [13]. Patients were classi-
fied into three risk groups according to the 2017 European 
LeukemiaNet (ELN) criteria [14]. Measurable residual dis-
ease (MRD) was assessed by 8-color multiparameter flow 

cytometry based on leukemia-associated immunophenotypes 
or differences from normal samples with a minimum sensi-
tivity of 10−3 (0.1%).

Procedures and response criteria

IA14 induction consisted of administration of idarubicin 
14 mg/m2 for 3 days and cytarabine 100 mg/m2 every 12 h 
subcutaneously for 7 days. Bone marrow aspiration was per-
formed on days 21 to 28. For patients showing persistent 
leukemia after initial induction chemotherapy, the second 
cycle of induction therapy consisted of administration of 
idarubicin 10 mg/m2 (or daunorubicin 60 mg/m2) for 3 days, 
cytarabine 100 mg/m2 every 12 h subcutaneously for 7 days, 
and etoposide 100 mg/m2 for 3 days. Antifungal prophylaxis 
was recommended during periods of neutropenia. Patients 
who achieved CR proceeded to consolidation courses with 
administration of high-dose cytarabine at 3 g/m2 every 12 h 
for 3 days. Allogeneic hematopoietic stem cell transplanta-
tion (HSCT) was offered to high-risk patients or intermedi-
ate-risk patients who had available donors. CR and complete 
response with incomplete blood count recovery (CRi) were 
determined by using the 2017 ELN response criteria [11].

Outcome

The primary endpoint was to determine the composite com-
plete response rate (CR and CRi) after IA14 induction. Sec-
ondary endpoints included toxicity, disease-free survival 
(DFS), and overall survival (OS). DFS was calculated from 
the date of remission (inclusive of CR and CRi) to the date 
of relapse or death from any cause. OS was defined as the 
duration from initiation of treatment to the date of death or 
last follow-up. In patients who experienced remission, the 
time to neutrophil recovery was measured from day 1 of 
induction treatment until the first day that the absolute neu-
trophil count was ≥ 500 cells per μL, and the time to platelet 
recovery was measured from day 1 of induction until the 
platelet count was ≥ 20 000 platelets per μL. Adverse events 
were assessed according to National Cancer Institute Com-
mon Terminology Criteria for Adverse Events version 4.0.

Statistical analysis

The clinical and demographic characteristics of the study 
participants were summarized using descriptive statistics. 
All analyses were performed using SPSS statistics version 
24.0 (SPSS Inc., Chicago, IL, USA). Time-to-event variables 
(OS and DFS) were estimated according to Kaplan–Meier 
survival analysis and compared with the log-rank test. Com-
parisons between the variables of interest were performed 
using univariate Cox regression models. P < 0.05 was con-
sidered statistically significant. The final follow-up date was 
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August 31, 2021. The study is registered with ClinicalTrials.
gov, number NCT 04,069,208.

Data sharing statement

Individual participant data will not be available. Study 
protocol will be available beginning 9 months and end-
ing 36 months following article publication at caoxinxin@
pumch.cn.

Results

From September 2019 to May 2021, 45 patients were eli-
gible for the study. The baseline characteristics of the 45 
patients are summarized in Table 1. The median age was 
45 years (range 14–60 years). ELN risk was favorable in 
44.4%, intermediate in 28.9% and adverse in 26.7% of 
patients. Core-binding factor mutations were present in 9 
patients (20%), including 7 patients with RUNX1-RUNX1T1 
and 2 patients with CBFB-MYH11. A diploid karyotype was 
present in 18 (40%) of 45 patients. Other intermediate-risk 

karyotypes were present in nine (20%) patients, and adverse-
risk or complex cytogenetics were present in six (13.3%) 
patients. Five (11.1%) patients harbored KMT2A rearrange-
ments. Baseline cytogenetics were not available in 2 (4.4%) 
patients because of insufficient metaphases obtained for 
analysis. Mutations of NPM1 (22.2%), FLT3-ITD (20.0%, 
8/9 were FLT3-ITDhigh), DNMT3A (15.6%), CEBPA (15.6%, 
5/7 were biallelic mutated), IDH2 (13.3%), WT1 (13.3%), 
NRAS (13.3%), and IDH1 (8.9%) were common.

After 1 course of IA14 induction therapy, 40 (88.9%) 
patients had CR or CRi, including 39 (86.7%) who had CR 
and 1 (2.2%) who had CRi. One patient died of intracerebral 
hemorrhage during induction therapy. Patients who did not 
achieve CR received a second course of induction therapy 
(3 patients received daunorubicin combined with cytarabine 
and etoposide, and 1 patient received idarubicin combined 
with cytarabine and etoposide). Three of 4 patients achieved 
CR after the second course of induction. In total, 43 (95.6%) 
patients had CR or CRi after induction therapy. The patients 
who did not respond had ELN adverse-risk disease with a 
high allelic ratio of FLT-ITD mutation. Eleven (27.5%) of 
40 patients with CR or CRi attained MRD negativity after 
IA14 induction.

The median time to recovery of an absolute neutrophil 
count of 500 or more cells per μL was 21 days (range, 
18–32 days) and that to recovery of a platelet count of 
20,000 or more per μL was 21 days (range, 14–27 days). 
Count recovery data included only responding patients.

After a median follow-up of 14  months (range 
3.5–24 months), 11 patients had died. One patient died of 
intracerebral hemorrhage during induction, 1 patient died of 
graft versus host disease after allogenic HSCT, and 9 patients 
died of disease relapse. The median OS was not reached; the 
estimated 18-month OS was 66.9% (Fig. 1A). The median 
DFS was 20 months (95% CI, 14.4–25.6 months); the esti-
mated 18-month DFS was 57.5% (Fig. 1B). The estimated 
18-month DFS rates were 75.2%, 64.7% and 17.2% in the 
ELN favorable-, intermediate-, and adverse-risk groups, 
respectively (p = 0.028). The median DFS was not reached, 
18.5 months (95% CI, 5.7–31.3 months) and 11.5 months 
(95% CI, 8.8–14.2 months) in the ELN favorable-, inter-
mediate-, and adverse-risk groups, respectively (Fig. 1C). 
Eight patients received allogeneic HSCT in first remission. 
All of them were in the ELN intermediate- or adverse-risk 
groups. Compared to ELN intermediate- or adverse-risk 
patients who did not have allogeneic HSCT, patients who 
had HSCT in first remission had significantly better DFS 
(not reached vs. 9.5 months [95% CI, 7.4–11.6 months], 
p = 0.004) (Fig. 1D).

The major toxicities and adverse events are summarized 
in Table 2. The most common adverse event was febrile neu-
tropenia, including 40 (88.9%) grade 3 and 3 (2.4%) grade 
4 cases. Other grade 3 or worse adverse events included one 

Table 1   Patient demographic and clinical characteristics

Characteristic N = 45

Age, years, median (range) 45 (14–60)
Sex

  Male, n (%) 22 (48.9)
  Female, n (%) 23 (51.1)

European Leukemia Network risk
  Favorable, n (%) 20 (44.4)
  Intermediate, n (%) 13 (28.9)
  Adverse, n (%) 12 (26.7)

Cytogenetic group
  Favorable, n (%) 9 (20.0)
  Diploid, n (%) 18 (40.0)
  Other intermediate 9 (20.0)
  Adverse or complex 6 (13.3)
  KMT2A-rearranged 5 (11.1)
  Insufficient mitoses 2 (4.4)

Molecular mutations
  NPM1, n (%) 10 (22.2)
  FLT3-ITD, n (%) 9 (20.0)
  DNMT3A, n (%) 7 (15.6)
  CEBPA, n (%) 7 (15.6)
  IDH2, n (%) 6 (13.3)
  WT1, n (%) 6 (13.3)
  NRAS, n (%) 6 (13.3)
  IDH1, n (%) 4 (8.9)
  RUNX1, n (%) 1 (2.2)
  ASXL1, n (%) 1 (2.2)
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grade 3 case of acute appendicitis and one grade 3 case of 
hyperglycemia. One patient experienced paroxysmal atrial 
fibrillation. Death within 4 weeks of induction occurred in 
one patient (intracerebral hemorrhage).

Discussion

Several efforts have been made to optimize therapy to 
improve the outcome for patients with newly diagnosed 
AML over the years. Complete response is strongly asso-
ciated with improved survival. There have been several 
efforts to achieve a higher rate of CR safely during induc-
tion therapy, including increasing the dose of cytarabine, 
optimizing anthracycline choice, and adding more drugs. 
In the current study, we built on these modifications with 
anthracycline dose intensification and tried to explore 
the safety and efficacy of higher doses of idarubicin. The 

Fig. 1   Overall survival for all patients (A), disease-free survival for all patients (B), disease-free survival according to ELN risk group (C), and 
disease-free survival according to receipt of hematopoietic stem cell transplantation in first remission (D)

Table 2   Adverse events

ALT alanine aminotransferase

Grade 1 Grade 2 Grade 3 Grade 4

ALT elevation 4 (8.9%) 4 (8.9%) 0 0
Bilirubin elevation 1 (2.2%) 2 (4.4%) 0 0
Febrile neutropenia 0 0 40 (88.9%) 3 (2.4%)
Diarrhea 7 (15.6%) 7 (15.6%) 0 0
GI bleeding 0 1 (2.2%) 0 0
Acute appendicitis 0 0 1 (2.2%) 0
Atrial fibrillation 0 1 (2.2%) 0 0
Hyperglycemia 0 0 1 (2.2%) 0
Rash 1 (2.2%) 2 (4.4%) 0 0
Fundus hemorrhage 0 3(6.7%) 0 0
Hematoma 1 (2.2%) 0 0 0
Ulcer 2 (4.4%) 1 (2.2%) 0 0
Constipation 3(6.7%) 0 0 0
Epistaxis 1 (2.2%) 1 (2.2%) 0 0
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results showed that 88.9% of patients achieved CR after 
1 course of induction and 95.6% of patients achieved CR 
after 2 courses of induction. Although cross-trial com-
parisons should be made with caution, the rate of com-
plete remission after IA14 induction therapy compares 
favorably with those in published studies using idarubicin 
12 mg/m2 for 3 days in young AML patients [9, 15]. This 
result indicates that further anthracycline intensification in 
younger patients may improve the complete remission rate. 
Additionally, idarubicin intensification was not associated 
with additional toxicity. Febrile neutropenia accounted for 
the majority of grade 3 and grade 4 adverse events. The 
median times to recovery of absolute neutrophil and plate-
let counts were only 21 days. These results were compara-
ble to those of administration of idarubicin 12 mg/m2 for 
3 days or administration of daunorubicin 60 mg/m2 for 
3 days. Only one patient died during induction therapy. 
The low early mortality and short times to count recovery 
indicate that IA14 could be used safely.

Although in this study the overall proportion of patients 
in the ELN favorable-risk group was higher than those in 
other AML cohorts, the proportion of patients in the ELN 
adverse-risk group was comparable with those in other 
AML patient cohorts [16–18]. Additionally, across ELN 
risk groups, IA14 resulted in high CR rates. In the current 
study, we found that outcomes differed dramatically depend-
ing on the ELN risk group. Inferior disease-free survival was 
observed in the intermediate- and adverse-risk groups. Allo-
genic HSCT in first remission led to favorable disease-free 
survival in the ELN intermediate- and adverse- risk groups. 
The data regarding patients who did not receive HSCT were 
confounding; however, this result may suggest that IA14 
could be used to bridge AML patients to allogenic HSCT, 
especially in the ELN intermediate- and adverse-risk groups.

This study has several limitations. This was a single-
center, single-arm, phase 2 clinical trial without a control 
group. As there were small numbers of patients in the sub-
group analysis, limited conclusions could be drawn. Addi-
tionally, the number of patients who underwent allogeneic 
HSCT was relatively low. However, this study had one of the 
largest cohorts of younger and fit patients with newly diag-
nosed AML which is one of the first with the goal of evaluat-
ing the efficacy and safety of idarubicin 14 mg/m2 combined 
with a standard dose of cytarabine as induction therapy. This 
study can provide the basis for future randomized clinical 
trials to help confirm the benefit of increasing long-term 
overall survival. Larger numbers of patients and multicenter 
studies of IA14 as induction therapy are warranted to con-
firm the possible benefits and safety of the regimen.

In conclusion, this study confirmed that administration of 
idarubicin 14 mg/m2 for 3 days plus cytarabine was a safe 
and efficient intensive regimen for younger and fit patients 
with newly diagnosed AML. In this phase 2 prospective 

study from our single center experience, we observed high 
rates of complete remission without increased toxicity.
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