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Abstract
The right dose of daunorubicin (DNR) for the treatment of newly diagnosed acute myeloid

leukemia (AML) is uncertain. Previous trials have shown conflicting results concerning the

efficacy of high or low doses of daunorubicin to induction chemotherapy for newly diag-

nosed AML. A systematic review and meta-analysis was conducted to resolve this contro-

versial issue. We compared the efficacy and safety of high doses of daunorubicin (HD-

DNR) and traditional low doses of daunorubicin (LD-DNR) or idarubicin (IDA) during induc-

tion therapy of newly diagnosed AML. Data of 3,824 patients from 1,796 articles in the litera-

ture were retrieved and six randomized controlled trials were analyzed. The primary

outcomes were overall survival (OS), disease-free survival (DFS), and event-free survival

(EFS). The secondary outcomes included complete remission (CR), relapse, and toxicity.

The meta-analysis results suggest that comparing HD-DNR with LD-DNR, there were sig-

nificant differences in CR (RR = 1.19, 95%CI[1.12,1.18], p<0.00001), OS(HR = 0.88, 95%

CI[0.79,0.99], p = 0.002), and EFS (HR = 0.86, 95%CI [0.74, 1.00], p = 0.008), but not in

DFS, relapse, and toxicity. There were no statistically significant differences in any other

outcomes between HD-DNR and IDA. The analysis indicates that compared with LD-DNR,

HD-DNR can significantly improve CR, OS and EFS but not DFS, and did not increase oc-

currence of relapse and toxicity.

Introduction
Acute myeloid leukemia (AML) refers to a kind of clonal hematopoietic stem cell disorders
which is the common type of leukemia[1]. Its overall incidence is approximately 3.7 per 100,000
persons with a median age of 67[2]. In the past years, the improvement of survival and complete
remission for AML is mainly dependent on dose augmentation of standard drugs. But although
after several decades of investigation, the efficacy of high and low doses of daunorubicin to induc-
tion chemotherapy for newly diagnosed AML has still showed conflicting results.
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As of today, the standard induction therapy of AML remains as the “3+7” strategy, namely,
three days of anthracycline (eg. daunorubicin, 45–60 mg/m², idarubicin, 12 mg/m²,or the
anthracenedione mitoxantrone, 10–12 mg/m² and seven days of cytarabine at a dose of 100–
200 mg/m²)[3]. This regimen achieves 60%-80% of complete remission but only 40%-45% of
overall survival for younger adults, and other intervention has not been showing better[4, 5].
For patients who are aged over 60, 40%-50% present a good performance status in complete re-
mission, but cure rates are lower than 10%, and median survival is less than 1 year[6, 7]. The
condition is even worse for those who have shown a poor performance status or unfavorable
cytogenetics[2].

Up to now, the appropriate dose of daunorubicin induction therapy of AML is uncertain.
Some large randomized controlled trials have provided vital data on efficacy and safety of high
doses of daunorubicin[8–13]. However, the right dose of daunorubicin for individual treatment
is still uncertain. The highest level of clinical evidence, namely, systematic review and meta-
analysis has not been done, and the precise effects of adopting high doses of daunorubicin were
not known. This systematic review and meta-analysis pooled current available data from ran-
domized controlled trials which compared the efficacy and safety of high doses of daunorubicin
(HD-DNR) with low doses of daunorubicin (LD-DNR) or idarubicin (IDA), in order to pro-
vide clinical evidence and to help physicians to choose appropriate strategies for individuals in
AML induction therapy.

Methods
This work was carried out following the Cochrane Handbook of systematic reviews. We used
Review Manager (version 5.2) to analyze all statistics and make the diagrams including forest
plots and risk of bias assessment.The work was reported based on PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) statement[14].

Search strategy
A computer-based search on Pubmed, Embase, and Cochrane library was performed according
to a detailed search strategy from the inception to April 2014. Some other databases (Science
Direct online, Chinese clinical trial register, China National Knowledge Internet, BMJ, MDcon-
sult, greynet, wolters Kluwer, system for information on grey literature in Europe) were also
screened out by using “daunorubicin”,”acute myeloid leukemia” and “randomized controlled
trial” as the search items. Other relevant references, conferences and proceedings (European
Hematology Association, American Society of Hematology, and the American Society of On-
cology) from 1995 to 2014 were also screened. We also search international clinical trials regis-
ter websites for ongoing clinical trials and unpublished clinical data (https://clinicaltrials.gov/,
http://www.isrctn.com/).There is no restriction on the language of published articles.

Inclusion and exclusion criteria
Studies with the following criteria were included: participants were previously untreated AML
patients according to WHO or FAB (French-American-British) diagnostic criteria, whose liver,
kidney, heart, and lung had adequate function or ECOG performance status were between 1–3,
regardless of age or ethnicity. Studies with any one of the following two comparisons were in-
cluded: (i) HD-DNR vs. LD-DNR, and/or (ii) HD-DNR vs. other anthracyclines. Based on
NCCN recommendation, we chose a cumulative dose of 180mg/m2 of daunorubicin as the cut-
off value for high and low doses of daunorubicin. The total dose of idarubicin was of 30–50
mg/m2[2]. There were no limits on study location, follow-up period, the length of induction
therapy, or drug administration methods. Studies that evaluated treatment effects in patients
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with myelodysplastic syndrome or secondary malignant tumors which may influence the effect
of chemotherapy and basic status of patients were excluded for less heterogeneity. Studies
aimed not to evaluate effectiveness and safety of HD-DNR were also excluded because of lack
of outcomes that we needed.

Study selection and data collection process
Study selection was conducted by two authors independently according to the pre-defined in-
clusion criteria. Agreement of both reviewers determined the final inclusion of relevant studies.
If consensus could not be achieved, a third author would be involved. According to standard-
ized data extraction form, data collection was conducted by the same two authors independent-
ly. Disagreement was resolved by discussion. Main contents of data extraction form consisted
of study details, study eligibility, study characteristics, risk of bias assessment and results. Pri-
mary outcomes included overall survival, disease-free survival, and event-free survival. Second-
ary outcomes were complete remission, induction death, relapse, and toxicity.

Definition of outcomes and risk of bias in individual studies
Outcomes were defined by the recommendation of International Working Group [15]. com-
plete remission was defined as the presence of the following:< 5% blasts in bone marrow;�
1.0× 109 /L neutrophils and� 100× 109 /L platelet in peripheral blood, and without evidence
of extramedullary leukemia. Relapse after complete remission was defined as recurrence of leu-
kemic blasts in the peripheral blood, or reappearance of>5% blasts in bone marrow not attrib-
utable to any other cause (eg, bone marrow regeneration after consolidation therapy), or
appearance of extramedullary leukemia. Overall survival was measured from the date of ran-
dom assignment until death which was due to any cause or was censored at the last follow-up.
Event-free survival referred to the interval from entry into the study to the date of treatment
failure, relapse from complete remission, or death due to any cause. Disease-free survival for
patients who achieved complete remission was calculated from the date of complete remission
until the date of relapse or death of any cause or was censored at the last follow up.

Risk of bias was assessed for each individual study by two independent reviewers according
to Cochrane Handbook for Systematic Reviews of Interventions (version 5.1.0).

Statistical analysis
To systematically evaluate the treatment, dichotomous variables were pooled by using risk
ratio (RR) as an effective measurement under the fixed-effect model while survival data were
pooled by using hazard ratio (HR) under the fixed-effect model, with 95% confidence intervals
respectively. If HR was not reported directly, it would be extracted from relevant Kaplan-Meier
curves or calculated by data transformation[16]. Heterogeneity pooled studies was calculated
by using I2 of chi-square-based Q test and ranked as low (<30%), moderate (30–50%), or high
(>50%)[17]. Heterogeneity was considered statistically significant if P<0.10 (according to
Cochrane Handbook for Systematic Reviews of Interventions). Considering some significant
prognosis factors, subgroup analyses for overall survival, event-free survival, disease-free sur-
vival, and complete remission were performed, based on age and cytogenetic risk classifications
if relevant data were available. As the total number of included studies was 6 (<10), funnel
plots were inappropriate to present. Meta-analyses were performed on the basis of intention-
to-treat (ITT) principle. All statistical analyses were carried out using the Review Manager
(version 5.2).
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Results

Characteristics of patients and trials
Based on the pre-defined search strategy, 1,796 potentially relevant trials were found from the
primary retrieval. After the process of advanced retrieval (Fig 1), six randomized controlled tri-
als met the eligibility criteria in total in which 3,824 patients were treated with newly diagnosed
AML and they were included in meta-analysis (Table 1).

Among included studies, three compared high doses of daunorubicin with low doses of dau-
norubicin while the others compared high doses of daunorubicin with equivalent doses of idar-
ubicin. The 6 trials were classified into two groups, namely Group 1 (HD-DNR vs. LD-DNR)
[9–11] and Group 2 (HD-DNR vs. IDA)[8, 12, 13].

In Group 1, 885 patients were assigned to be treated with high doses of daunorubicin while
893 patients were treated with low doses of daunorubicin. In Löwenberg et al study (2009),
elder patients ranging from 60 to 83 (median age, 67) were included. In Fernandez et al (2009)
and Lee et al (2011) studies, younger patients aged 1760(median age, 48) and 15–60, respective-
ly, were included. The patients were all administered with high doses of daunorubicin at 90mg/
m²×3 days or low doses of daunorubicin at 45mg/m²×3 days in induction therapy. Median fol-
low-up of these three trials was 40, 25.2, and 52.6 months, respectively [9–11].

Fig 1. Flow diagram depicting identification and retrieval of eligible studies for inclusion.

doi:10.1371/journal.pone.0125612.g001
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In Group 2, 938 patients were assigned to receive high doses of daunorubicin therapy and
1,108 patients were treated with idarubicin in induction therapy. Three trials in Group 2 in-
volved patients at three different age groups. Creutzig et al (2013) conducted a clinical trial on
pediatric AML patients younger than 18 years old. Ohtake et al (2010) studied adult patients
between 15 and 64 years old (median age, 47), while Pautas et al (2010) recruited older AML
patients aged 50–70 (median age, 60). For drug administration in induction therapy, the as-
signed daunorubicin dose in high doses of daunorubicin arm was 80mg/m²×3 days in two tri-
als[8, 12], and 50mg/m²×5 days in one trial[13]. The subjects in idarubicin arm were allocated
idarubicin at 12mg/m²×3 days, except that Pautas et al (2010) set another arm with idarubicin
at 12mg/m²×4 days. Median follow-up of the studies was 60, 48, 49 months respectively [8, 12,
13].

Risk of bias within studies
Risk of bias of the included studies is summarized in Table 2 and Fig 2. Only one study provid-
ed details on random sequence generation [10,12]. Allocation concealment and blinding of
participants and personnel were not clearly reported in these studies. All studies illustrated rea-
sons of missing data, and demonstrated that the missing data were not large enough to influ-
ence the outcome. All studies had no selected reporting.

Results of meta-analysis
Complete remission. After induction therapy, data on complete remission were available

from all three studies in Group 1[9–11]. Patients in high doses of daunorubicin arm had

Table 1. Characteristics of the six randomized, controlled trials included in meta-analysis.

Study No. of patients
(HD-DNR/
LD-DNR or
HD-DNR/IDA)

Range of
age
(median
age,years)

HD-DNR/
LD-DNR ratio
(mg/
m²×days)

HD-DNR/IDA
ratio (mg/
m²×days)

Other chemotherapeutic
drugs combined with
(mg/m²×days)

Consolidation regimen Median
follow-up
(months)HD-DNR LD-DNR/

IDA

Löwenberg
et al,2009

813(402/411) 60-83(67) 90×3/45×3 - Ara-C(200×7) Mylotarg
TM CMA-
676

Mylotarg
TM CMA-
676

40

Fernandez
et al,2009

657(289/293) 17-60(48) 90×3/45×3 - Ara-C(100×7) Mylotarg
TM CMA-
676

Mylotarg
TM CMA-
676

25.2

Lee
et al,2011

383(194/189) 15-60(-) 90×3/45×3 - Ara-C(200×7) Ara-C
+DNR

Ara-C
+DNR

52.6

Creutzig
et al,2013

521(257/264) <18¶ - 80×3/12×3 Ara-C+VP-16¤ HAM© AI/2-CDA
or AI1

60

Ohtake
et al,2010

1057(525/532) 15-64(47) - 50×5/12×3 Ara-C(100×7) Ara-C+MIT
or hAra-C†

Ara-C+MIT
or hAra-C

48

Pautas
et al,2010

468(156/155/
157)*

50-70(60) - 80×3/12×3/
12×4

Ara-C(200×7) Ara-C
+DNR

Ara-C+IDA 49

DNR, daunorubicin; IDA, idarubicin; Ara-C, cytosine arabinoside; MIT, mitoxantrone; VP-16,etoposide; Mylotarg TM CMA-676, gemtuzumabozogamicin

HD-DNR, high doses of daunorubicin; LD-DNR, low doses of daunorubicin.

©: HAM means high-doses cytarabine[3g/m²]/mitoxantrone.
1: cytarabine[0.5g/m²]/idarubicin/2-chloro-2-deoxyadenosine or cytarabine[0.5g/m²]/idarubicin.

*: HD-DNR/IDA3/IDA4.

¶: There was no detailed information about total range of age or total median age.

¤: There was no detailed information about doses of Ara-C or Etoposide.

†: hAra-C means high doses of Ara-C.

doi:10.1371/journal.pone.0125612.t001
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significantly higher complete remission than that in low doses of daunorubicin arm
(RR = 1.19, 95%CI = 1.12–1.28, p<0.00001) (Fig 3A), and overall heterogeneity was not signifi-
cant (I² = 0%, p = 0.68). Pooled RR for complete remission after first course of induction thera-
py revealed significantly higher level than that for complete remission after end of induction
therapy (RR = 1.40, 95%CI = 1.28–1.54, p<0.00001), and overall heterogeneity was not

Fig 2. Risk of bias. This figure was the summery for risk of bias within six studies. It was formed using Revman 5.2. The definition of sources of bias and
methods of assessing risk of bias can be found in Cochrane Handbook for Systematic Reviews of Interventions.

doi:10.1371/journal.pone.0125612.g002

Table 2. Risk of bias within studies.

Bias Löwenberg et al,
2009

Fernandez et al,
2009

Lee et al,
2011

Creutzig et al,
2013

Ohtake et al,
2010

Pautas et al,
2010

Random sequence generation (selection
bias)

Unclear Unclear Unclear Unclear Low risk Unclear

Allocation concealment (selection bias) Unclear Unclear Unclear Unclear Unclear Unclear

Blinding of participants and personnel
(performance bias)

Unclear Unclear Unclear Unclear Unclear Unclear

Blinding of outcome assessment
(detection bias)

Unclear Unclear Unclear Unclear Unclear Unclear

Incomplete outcome data (attrition bias) Low risk Low risk Low risk Low risk Low risk Low risk

Selective reporting (reporting bias) Low risk Low risk Low risk Low risk Low risk Low risk

Other bias Unclear Unclear Unclear Unclear Unclear Unclear

This table was formed using Revman 5.2. The definition of sources of bias and methods of assessing risk of bias can be found in Cochrane Handbook for

Systematic Reviews of Interventions.

doi:10.1371/journal.pone.0125612.t002
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significant (I² = 7%, p = 0.34). Meanwhile, the study performed subgroup analysis in accor-
dance with age and cytogenetic risk. Pooled results suggested that complete remission from pa-
tients who are younger than 65 or with unfavourable cytogenetic risk benefited more from
high doses of daunorubicin (RR = 1.24[1.15, 1.34], RR = 1.35[1.04, 1.75], respectively). And
there was no significant heterogeneity.

In Group 2, data for complete remission were also extracted from all three studies [8, 12,
13]. High doses of daunorubicin did not improve complete remission (Fig 3B). Pooled RR for
complete remission was 0.97 (95% CI = 0.92–1.03, p = 0.35). Heterogeneity was not significant
among pooled trials (I² = 38%, p = 0.18). Similarly, complete remission after first course for pa-
tients either in high doses of daunorubicin arm or in idarubicin arm presented no significant
difference (RR = 0.94[0.86, 1.01], p = 0.10) and there was no significant heterogeneity (I² = 0%,
p = 0.69). According to cytogenetic risk, subgroup analysis for complete remission indicated

Fig 3. Forest plots of the RR/HR for CR, OS, EFS, DFS in Group 1 and Group 2. SE, standard error;Fixed, fixed-effect model; CI, confidence interval.
Pooled RRs and HRs were computed using fixed-effect models. The size of the squares reflects each study’s relative weight, andhorizontal lines through the
squares represent 95% CIs. the diamond represents the aggregate RR/HR and 95%CIs.A. CR in Group 1Group 1, high doses of daunorubicin vs. low
doses of daunorubicin; HD-DNR, high doses of daunorubicin; LD-DNR, low doses of daunorubicin; CR, complete remission. B. CR in Group 2Group 2, high
doses of daunorubicin vs. idarubicin; HD-DNR, high doses of daunorubicin; IDA, idarubicin; CR, complete remission. There were two subgroups named
1_Pautas et al, 2010 and2_ Pautas et al, 2010 devided from the same literature. The first one corresponded to 80×3 mg/m² of daunorubicin vs. 12×3 mg/m²
of idarubicin and the second one corresponded to 80×3 mg/m² of daunorubicin vs. 12×4 mg/m² of idarubicin.C. OS in Group 1Group 1, high doses of
daunorubicin vs. low doses of daunorubicin; HD-DNR, high doses of daunorubicin; LD-DNR, low doses of daunorubicin; OS, overall survival. D. OS in Group
2Group 2, high doses of daunorubicin vs. idarubicin; HD-DNR, high doses of daunorubicin; IDA, idarubicin; OS, overall survival. There were two subgroups
named 1_Pautas et al, 2010 and2_ Pautas et al, 2010 devided from the same literature. The first one corresponded to 80×3 mg/m² of daunorubicin vs. 12×3
mg/m² of idarubicin and the second one corresponded to 80×3 mg/m² of daunorubicin vs. 12×4 mg/m² of idarubicin. E. EFS in Group 1Group 1, high doses
of daunorubicin vs. low doses of daunorubicin; HD-DNR, high doses of daunorubicin; LD-DNR, low doses of daunorubicin; EFS, event-free survival. F. EFS
in Group 2Group 2, high doses of daunorubicin vs. idarubicin; HD-DNR, high doses of daunorubicin; IDA, idarubicin; EFS, event-free survival. There were
two subgroups named 1_Pautas et al, 2010 and2_ Pautas et al, 2010 devided from the same literature. The first one corresponded to 80×3 mg/m² of
daunorubicin vs. 12×3 mg/m² of idarubicin and the second one corresponded to 80×3 mg/m² of daunorubicin vs. 12×4 mg/m² of idarubicin.G. DFS in Group
1Group 1, high doses of daunorubicin vs. low doses of daunorubicin; HD-DNR, high doses of daunorubicin; LD-DNR, low doses of daunorubicin; DFS,
disease-free survival.

doi:10.1371/journal.pone.0125612.g003
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no significant differences between high doses of daunorubicin and idarubicin with whichever
kind of cytogenetic risk.

Overall survival. Data on overall survival were available from all three studies in Group 1
[9–11]. Patients in high doses of daunorubicin arm had significantly higher overall survival
than that in low doses of daunorubicin arm (HR = 0.85, 95%CI = 0.76–0.94, p = 0.002) (Fig
3C), and overall heterogeneity was not significant (I² = 6%, p = 0.34). According to age and cy-
togenetic risk, the study performed subgroup analysis for overall survival. Pooled results indi-
cated that patients younger than 65 years old or with unfavorable cytogenetic risk benefited
more with high doses of daunorubicin treatment (HR = 0.76[0.65, 0.88], HR = 0.83[0.70,
0.97]).

In Group 2, data on overall survival were extracted from two studies [12, 13]. Pooled HR for
overall survival was 1.06 (95%CI = 0.93–1.20, p = 0.39) (Fig 3D). Heterogeneity was not signifi-
cant (I² = 47%, p = 0.15). Subgroup analysis for overall survival was not performed due to in-
sufficient reported data.

Event-free survival. Data on event-free survival were available from two studies in Group
1[10, 11]. Patients in high doses of daunorubicin arm had significantly higher event-free sur-
vival than that in low doses of daunorubicin arm (HR = 0.85, 95%CI = 0.75–0.96, p = 0.008)
(Fig 3E), and overall heterogeneity was not significant (I² = 0%, p = 0.46). According to cyto-
genetic risk, subgroup analysis manifested that patients with unfavorable cytogenetic risk
benefited more in the high doses of daunorubicin arm (HR = 0.66[0.45, 0.97], p = 0.04).

In Group 2, data on event-free survival were extracted from two studies [8, 13]. Pooled HR
was 1.11 (95%CI = 0.97–1.27, p = 0.12) (Fig 3F) indicating no significant difference between
high doses of daunorubicin arm and idarubicin arm. Overall heterogeneity was high (I² = 59%,
p = 0.09). There were not enough data in detail for advanced subgroup analysis of event-
free survival.

Disease-free survival. Data on disease-free survival were available from two studies in
Group 1[10, 11]. high doses of daunorubicin resulted in no difference in disease-free survival
(Fig 3G). Pooled HR for disease-free survival was 0.99 (95%CI = 0.84–1.16, p = 0.90). Overall
heterogeneity was not significant (I² = 0%, p = 0.49). No significant difference in disease-free
survival was found in subgroup analysis according to cytogenetic risk.

In Group 2, data on disease-free survival were not reported in the three studies [8, 12, 13].
Relapse. Data on relapse were available from two studies in Group 1 [10, 11]. Patients in

high doses of daunorubicin did not result in lower relapse than that in low doses of daunorubi-
cin (Table 3). Pooled HR was 1.04 (95%CI = 0.90–1.20, p = 0.62) and overall heterogeneity was
insignificant (I² = 0%, p = 0.39).

In Group 2, data were extracted from two studies [8, 13]. Similar with Group 1, pooled RR
resulted in insignificant difference in relapse (RR = 0.96[0.82, 1.12], p = 0.60) (Table 3).

Toxicity. Data on toxicity were available from two studies in Group [10, 11]. The differ-
ence was not statistically significant in cardiac toxic, gastrointestinal disease, hemorrhage, and
infection (Table 3). Pooled results for toxicity in Group 2 revealed that high doses of daunoru-
bicin was not associated with increased risk of cardiac toxic, hemorrhage, mucositis, and septi-
cemia (Table 3).

Discussion
Anthracyclines have been used as traditional medicine for AML induction therapy for decades.
The “3+7” strategy remains the standard remission therapy. However, the right dosage of dau-
norubicin has been hotly debated for decades [18–23]. Based on conventional induction che-
motherapy, alternative anthracyclines, intensive dose anthracycline, and additional agents like
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gemtuzumab ozogamicin were adopted, which were expected to achieve higher complete re-
mission and survival rate [18–20, 22].

A large number of clinical trials of strengthening doses of DNR were conducted to compare
with traditional doses of daunorubicin or other anthracycline (such as idarubicin) at equivalent
doses [18–20, 22]. The trials which used a high dose of daunorubicin 70–95 mg/m² for 3 days
conducted by the Southwest Oncology Group, the Acute Leukemia French Association
(ALFA), and CALGB, showed high rates of complete remission with acceptable toxicity [24–
26]. Results from a large number of randomized controlled trials conducted by the Eastern Co-
operative Oncology Group (ECOG) indicated that to intensify the dose of daunorubicin from
45 to 90 mg/m²for 3 days could achieve higher rates of complete remission (70.6% vs. 57.3%,
p<0.001) and improved overall survival (median, 23.7 vs. 15.7 months, p = 0.003) for AML pa-
tients who were younger than 60 (Fernandez and Sun et al., 2009). Another large randomized
controlled trials which focused on old patients with AML demonstrated that patients aged 60–
65 in high-dose daunorubicin group (90 mg/m²), as compared with those in the same age
group who received traditional-dose daunorubicin (45 mg/m²), had higher rates of complete
remission (73% vs. 51%), overall survival (38% vs. 23%) and event-free survival (29% vs. 14%)
[11]. A meta-analysis showed that high doses of daunorubicin, compared to low doses of dau-
norubicin, was associated with reduced rates of remission failure and overall mortality [27].
However, comparing with standard-dose of idarubicin (cumulative dose, 36–48 mg/m²), some
other trials failed to show the benefit from high-dose of daunorubicin (cumulative dose, 240–
250 mg/m²) [8, 12, 13]. A meta-analysis showed better overall survival on adult patients who
received idarubicin than those receiving at least 180mg/m2 of daunorubicin [1].

In order to resolve the above conflict evidence in induction treatment of AML, a systematic
review and meta-analysis was conducted. Our meta-analysis results suggested that comparing
with low doses of daunorubicin, high doses of daunorubicin improved about 15% overall sur-
vival (HR = 0.85, 95%CI = 0.76–0.94), 15% event-free survival(HR = 0.85, 95%CI = 0.75–0.96),
and 19% complete remission (RR = 1.19, 95%CI = 1.12–1.28). RR for complete remission after
first course was even higher (RR = 1.40, 95%CI = 1.28–1.54). However, there is no significant
difference in disease-free survival (HR = 0.99,95%CI = 0.84–1.16) and relapse (RR = 1.04,95%

Table 3. Subgroup analysis for relapse and toxicity.

Meta-analysis for relapse and toxicity

Outcome Trials RR M-H, Fixed, 95%CI, P value Heterogeneity I², P value

Group 1 Relapse 2 1.04[0.90,1.20]p = 0.62 0%,p = 0.39

Cardiac toxic 2 1.05[0.62,1.79]p = 0.86 0%,p = 0.46

Gastrointestinal toxic 2 1.15[0.83,1.58]p = 0.40 0%,p = 0.85

Hemorrhage 2 1.05[0.70,1.58]p = 0.81 0%,p = 0.32

Infection 2 1.04[0.99,1.10]p = 0.13 81%,p = 0.02

Group 2 Relapse 3 0.96[0.82,1.12]p = 0.60 0%,p = 0.88

Cardiac toxic 2 0.63[0.29,1.35]p = 0.23 0%,p = 0.46

Mucositis 3 0.88[0.67,1.16]p = 0.37 56%,p = 0.10

Hemorrhage 3 1.18[0.68,2.07]p = 0.56 0%,p = 0.69

Septicemia 3 0.77[0.57,1.04]p = 0.09 42%,p = 0.18

Group 1: high doses of daunorubicin vs. low doses of daunorubicin

Group 2: high doses of daunorubicin vs. Idarubicin

RR, risk ratio; M–H, Mantel–Haenszel method; Fixed, fixed-effect model; CI, confidence interval.

doi:10.1371/journal.pone.0125612.t003
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CI = 0.90–1.20). These results raised a controversial conclusion that high doses of daunorubi-
cin may improve overall survival and event-free survival, but increase the incidence of risk
ratio. This may be due to the inclusion of different studies with different outcomes in the meta-
analysis.

In addition, subgroup analyses were performed for major outcomes. Though AML-related
prognostic factors include white blood cell (WBC) count,age, cytogenetic factors, molecular
factors, performance status, existence of prior MDS, this study only considered age and cyto-
genetic factors because data for other prognostic factors were insufficient (Tables 4 and 5). Ac-
cording to age, complete remission and overall survival of those younger than 65 years old
were improved (RR = 1.24[1.15, 1.34], p<0.00001; HR = 0.76[0.65, 0.88], p = 0.0003) by using
high doses of daunorubicin, but no clinical benefits were documented in older patients

Table 4. Subgroup analysis for CR (complete remission).

Subgroup Analysis for CR

Outcome Subgroup Trials RR M-H, Fixed, 95%CI, P value Heterogeneity I², P value

CR according to age in Group 1 <65 years old 3 1.24[1.15,1.34]p<0.00001 55%,p = 0.11

>65 years old 1 1.08[0.93,1.25]p = 0.34 not applicable

CR according to cytogenetic risk in Group 1 favorable risk 2 1.14[1.01,1.29]p = 0.03 0%,p = 0.39

intermediate risk 2 1.11[1.00,1.23]p = 0.04 0%,p = 0.87

unfavorable risk 2 1.35[1.04,1.75]p = 0.02 0%,p = 0.60

CR according to cytogenetic risk in Group 2 favorable risk 3 1.06[0.99,1.13]p = 0.09 0%,p = 0.88

intermediate risk 3 0.94[0.88,1.01]p = 0.11 0%,p = 0.72

unfavorable risk 3 0.80[0.59,1.08]p = 0.14 0%,p = 0.81

Group 1, high doses of daunorubicin vs. low doses of daunorubicin

Group 2, high doses of daunorubicin vs. Idarubicin

RR, risk ratio; M–H, Mantel–Haenszel method; Fixed, fixed-effect model; CI, confidence interval.

doi:10.1371/journal.pone.0125612.t004

Table 5. Subgroup analysis for survival data.

Subgroup analysis for survival data

Outcome Subgroup Trials HR M-H, Fixed, 95%CI, P value Heterogeneity I², P value

OS according to age in Group 1 15–65 years old 3 0.76[0.65,0.88]p = 0.0003 0%,p = 0.79

65–83 years old 1 1.09[0.92,1.31]p = 0.32 not applicable

OS according to cytogenetic risk in Group 1 favorable risk 2 0.85[0.44,1.64]p = 0.62 68%,p = 0.08

intermediate risk 2 0.87[0.71,1.06]p = 0.16 57%,p = 0.13

unfavorable risk 3 0.83[0.70,0.97]p = 0.02 48%,p = 0.15

EFS according to cytogenetic risk in Group 1 favorable risk 2 0.85[0.47,1.53]p = 0.59 63%,p = 0.10

intermediate risk 2 0.90[0.76,1.07]p = 0.24 62%,p = 0.10

unfavorable risk 2 0.66[0.45,0.97]p = 0.04 0%,p = 0.35

DFS according to cytogenetic risk in Group 1 favorable risk 2 1.52[1.00,2.30]p = 0.05 75%,p = 0.04

intermediate risk 2 0.93[0.76,1.15]p = 0.53 67%,p = 0.08

unfavorable risk 2 0.84[0.51,1.38]p = 0.49 48%,p = 0.16

OS, overall survival; DFS, disease-free survival; EFS, event-free survival

Group 1, high doses of daunorubicin vs. low doses of daunorubicin

Group 2, high doses of daunorubicin vs. Idarubicin

HR, hazard ratio; M–H, Mantel–Haenszel method; Fixed, fixed-effect model; CI, confidence interval.

doi:10.1371/journal.pone.0125612.t005
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(>65yr). According to cytogenetic risk, high doses of daunorubicin increased complete remis-
sion in all three cytogenetic subgroups (favourable, intermediate, and unfavourable risk
groups) especially in the unfavourable risk group (RR = 1.35[1.04, 1.75], p = 0.03). HR for over-
all survival and event-free survival were significant only in the unfavourable risk group
(HR = 0.83[0.70, 0.97], p = 0.02; HR = 0.66[0.45, 0.97], p = 0.04). Generally speaking, the above
results indicate that high doses of daunorubicin accelerates overall complete remission, overall
survival and event-free survival. Patients younger than 65yrs or with unfavorable cytogenetic
risk are suggested to choose high doses of daunorubicin rather than low doses of daunorubicin.

Compared with idarubicin, there were no significant differences in primary and secondary
outcomes. Therefore, considering either efficacy or safety, high doses of daunorubicin and idar-
ubicin can be chosen as an induction therapy for AML.

In high doses of daunorubicin group of all six included studies, cumulative dosage of dauno-
rubicin were from 240 to 270 mg/m² with Ara-C from 100 to 200×7 mg/m²×days during in-
duction therapy. Induction drug administration of controlled groups was also similar to each
other in Group 1 and Group 2. In Pautas et al. (2010), three patients’ groups were treated by
80×3 mg/m² of daunorubicin, and 12×3 or 12×4 mg/m² of idarubicin. The trial was divided
into two parts, namely 80×3 mg/m² of daunorubicin vs. 12×3 mg/m² of idarubicin, and 80×
3 mg/m² of daunorubicin, 12×4 mg/m² of idarubicin. Meanwhile, subjects using 80×3 mg/m²
of daunorubicin in the primary group were divided by half forming two new trials to guarantee
consistency of the total sample.

In subgroup analysis, for Group 1, based on cytogenetic risk, heterogeneity of overall surviv-
al and disease-free survival appeared high when patients were classified into subgroups. The
main reason for the high heterogeneity is most likely patients’ age. Lee et al mainly studied
adults aged 17–60 yrs whileas older patients aged 60–83 were included in Löwenberg et al’s
trial. The patients’ response to medicine and tolerance to side reaction differed in different age
groups. According to data in forest plots, for old patients with favorable risk, high dose of dau-
norubicin could prolong overall survival and disease-free survival compared with traditional
dose of daunorubicin. But for old patients with intermediate or unfavorable risk, superiority of
high doses of daunorubicin for survival was not shown, which might be caused by severer side
effects [11]. On the contrary, for young patients with favorable risk, traditional dose of dauno-
rubicin achieved better overall survival and disease-free survival on the contrary. For young pa-
tients with intermediate risk and unfavorable risk, this condition was opposite. Due to the
small number of studies included, meta-analysis could not provide stratified therapeutic sched-
ule according to cytogenetic risk in detail.

The safety issue of high doses of daunorubicin always needs to be considered. Cardiac toxic,
gastrointestinal toxic, hemorrhage and infection are common toxicity of anthracycline treat-
ment. Usually it was considered that with the dose escalation of drugs, the rate of toxicity will
be increased, too. However, we are very pleased to see that the rate of cardiac toxic, gastrointes-
tinal toxic, hemorrhage and infection in the two comparisons, were similar, which indicated
that high doses of daunorubicin is as safe as other therapy.

Something must be pointed out that to increase single and cumulative dosage of daunorubi-
cin without increasing cardiotoxicity for pediatric AML, Creutzig et al adopted liposomal for-
mulation of daunorubicin while others reported not. The differences both in this special
medicine formulation and in younger age may lead to bias when pooling the data,such as the
heterogeneity(I = 59%, p = 0.09) shown in Fig 3F. So we removed this trial from meta-analysis
to reflect the influence of the individual data on the pooled RRs/HRs, and the corresponding
pooled results were not materially altered (data not shown).

There are some limitations of this meta-analysis. Firstly, though these randomized con-
trolled trials are of good quality with large sample sizes and published in authentic journals,
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only six trials were included in this meta-analysis. Secondly, more detailed data analyses of pa-
tients’ age, cytogenetic risk and other prognostic factors (such as performance status, FAB clas-
sification and so on) should be used to update the results and provide the best choice for
individualized treatment. For example, data from Eastern Cooperative Oncology Trial E1900
was updated recently (American Society of Hematology, 2014, abstracts) and benefit of high
doses of daunorubicin in AML patients with FLT3-TD, NPM1, and DNMT3A mutant was
confirmed after a long time follow-up. We hope there will be more related large randomized
controlled trials to conduct further meta-anlysis. Thirdly, data on induction death or early
death could not be pooled as the definitions were different in included studies. Last but not the
least, like most of the published meta-analyses, our analysis was based on summary data rather
than individual patient data. Thus, it could not produce merged survival curves and explore pa-
tient-level factors which may be responsible for the variations of treatment effects.

In conclusion, the analysis indicated that compared with low doses of daunorubicin, high
doses of daunorubicin improves complete remission, disease-free survival and event-free sur-
vival without increasing toxicity rates for newly diagnosed AML, especially for young patients
(< 65yrs) or patients with unfavorable cytogenetic risk. However, there is no difference be-
tween high dose of daunorubicin and idarubicin. These results were in accordance with NCCN
2013 which formulated the strategy based on a single RCT. This study needs further high quali-
ty randomized controlled trials to strengthen the evidence.
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