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Daunorubicin Versus Mitoxantrone Versus Idarubicin As
Induction and Consolidation Chemotherapy for Adults
With Acute Myeloid Leukemia: The EORTC and GIMEMA
Groups Study AML-10
Franco Mandelli, Marco Vignetti, Stefan Suciu, Roberto Stasi, Maria-Concetta Petti, Giovanna Meloni,
Petra Muus, Filippo Marmont, Jean-Pierre Marie, Boris Labar, Xavier Thomas, Francesco Di Raimondo,
Roel Willemze, Vincenzo Liso, Felicetto Ferrara, Liliana Baila, Paola Fazi, Robert Zittoun, Sergio Amadori,
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Purpose
To compare the antitumor efficacy of three different anthracyclines in combination with cytarabine
and etoposide in adult patients with newly diagnosed acute myeloid leukemia (AML).
Patients and Methods
We randomly assigned 2,157 patients (age range, 15 to 60 years) to receive intensive
induction-consolidation chemotherapy containing either daunorubicin, idarubicin, or mitoxantrone. After achieving complete remission (CR), patients were assigned to undergo either
allogeneic or autologous stem-cell transplantation (SCT), depending on the availability of a
sibling donor.
Results
The overall CR rate (69%) was similar in the three groups. Autologous SCT was performed in 37%
of cases in the daunorubicin arm versus only 29% and 31% in mitoxantrone and idarubicin,
respectively (P ⬍ .001). However, the disease-free survival (DFS) and survival from CR were
significantly shorter in the daunorubicin arm: the 5-year DFS was 29% versus 37% and 37% in
mitoxantrone and idarubicin, respectively. The proportion of patients who underwent allogeneic
SCT (22%) was equivalent in the three treatment groups, and the outcome was similar as well: the
5-year overall survival rates were 34%, 34%, and 31%, respectively.
Conclusion
In adult patients with AML who do not receive an allogeneic SCT, the use of mitoxantrone or
idarubicin instead of daunorubicin enhances the long-term efficacy of chemotherapy.
J Clin Oncol 27:5397-5403. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Approximately 60% to 80% of adults with acute
myeloid leukemia (AML) achieve complete remission (CR) with an induction regimen including the anthracycline daunorubicin and the
antimetabolite cytarabine.1,2 The precise value of
the addition of 6-thioguanine is not known currently,3 whereas limited benefit derives from the addition of etoposide in patients younger than 55
years.4,5 Strategies to improve results have included
the use of intercalating agents other than daunorubicin, such as idarubicin or mitoxantrone, while
keeping the dose of cytarabine constant. In several randomized trials comparing idarubicin
with daunorubicin, idarubicin was associated with a

lower incidence of resistant leukemia and higher CR
rates, particularly in younger patients.6-8 The anthraquinone derivative mitoxantrone has also been
extensively used with cytarabine as part of effective
induction regimens.9-15 However, because of the relatively small sample size and/or the relatively short
follow-up time, the benefits of these new agents on
the long-term outcome of patients with AML have
not been definitively established.
The aims of this randomized trial were to compare the relative efficacy and toxicities of the intercalating agents daunorubicin, mitoxantrone, and
idarubicin in an intensive treatment program including stem-cell transplantation (SCT) in patients
aged 60 years or younger with newly diagnosed AML.
© 2009 by American Society of Clinical Oncology
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Patients underwent first random assignment (N = 2,157)

Daunorubicin arm (n = 721)

Mitoxantrone arm (n = 719)

Idarubicin arm (n = 717)

In CR after induction (n = 495)

In CR after induction (n = 502)

In CR after induction (n = 480)

AutoSCT: -

AutoSCT: 1

AutoSCT: 1

AlloSCT: 1

AlloSCT: 3

AlloSCT: 2

No Trt: 31

No Trt: 33

No Trt: 25

Received consolidation (n = 463)

Received consolidation (n = 465)

Received consolidation (n = 452)

AutoSCT

AlloSCT

183
(54%)*

107
(69%)*

No Trt
173

AutoSCT AlloSCT
144
(41%)*

99
(68%)*

No Trt
222

AutoSCT AlloSCT
149
(47%)*

110
(71%)*

Fig 1. CONSORT diagram: study design
and patient disposition. (*) In each arm, percentage of autologous stem-cell transplantation (AutoSCT) is calculated on the total
number of patients in complete remission
(CR) without an HLA-identical sibling, and
percentage of allogeneic stem-cell transplantation (AlloSCT) is calculated on the total
number of patients in CR with an HLAidentical sibling. Trt, treatment.

No Trt
193

Follow-up (median, 5.6 years; range, 0 to 10.8 years): 760 alive, 580 in continuous CR

PATIENTS AND METHODS
Patients
Previously untreated patients with a diagnosis of AML according to the
criteria of the French-American-British group16,17 were eligible for entry onto
the trial provided they met the following requirements (1): age 15 to 60 years
(2); diagnosis of primary or secondary AML (including AML after myelodysplastic syndrome) other than French-American-British M3 (3); no evidence of
severe concurrent cardiac, pulmonary, neurologic, and metabolic diseases or
uncontrolled infections; and (4) adequate liver (serum bilirubin level ⬍ 2⫻
upper normal limit) and renal (serum creatinine ⬍ 2⫻ upper normal limit)
function tests. Exclusion criteria included blast crisis of chronic myeloid leukemia and AML supervening after other chronic myeloproliferative diseases
and other progressive malignant diseases. The study was approved by the
ethics committees of the participating institutions and was conducted in accordance with the Declaration of Helsinki. All participants gave their informed consent.
Study Design
The AML-10 was a randomized phase III study carried out by the European Organisation for Research and Treatment of Cancer leukemia group and
Gruppo Italiano Malattie Ematologiche dell’Adulto in 80 European centers.
Study design and patient disposition are represented in Figure 1.
The main objective of the study was to evaluate the relative efficacy and
toxicity of an intensive remission induction and consolidation chemotherapy
incorporating one of three intercalating agents (daunorubicin, mitoxantrone,
or idarubicin) in combination with cytarabine and etoposide in induction and
with cytarabine alone in consolidation in patients with newly diagnosed AML.
An amendment to the protocol was adopted in 1994, introducing a second
randomization to compare the feasibility and results of peripheral-blood versus bone marrow autologous SCT as rescue from myeloablative therapy after
5398
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remission consolidation in patients without an available HLA-identical sibling
donor. Primary end point of the first randomization was overall survival, with
secondary end points being the CR rate after induction, the disease-free survival and survival from CR, type and grade of toxicity related to different
treatment steps, time to recovery, the feasibility of stem-cell collection after the
consolidation course, and the rate of completion of autologous and allogeneic SCT.
Patients were screened at each center, and those who fulfilled the
eligibility criteria were randomly assigned at the European Organisation
for Research and Treatment of Cancer Data Center in Brussels, Belgium.
Randomization was stratified according to center, age (15 to 45 years v 46 to 60
years), WBC count (⬍ 50 v 50 to 249 v ⬎ 250 ⫻ 109/L), and WHO performance status (0 to 2 v 3 to 4) using the minimization technique.
Response assessment was planned on day 28 after induction. The Cancer
and Leukemia Group B criteria for response to treatment and relapse were
used.18 After CR, the availability of histocompatible sibling donors was evaluated. Patients ⱕ 45 years of age (or 55 years according to the policy of center)
with HLA-matched (or single-antigen mismatched) family donor were offered allogeneic SCT, whereas the remainder were randomly assigned between
either peripheral-blood or bone marrow autologous SCT.
Treatment
Remission induction treatment consisted of cytarabine 25 mg/m2 as
intravenous bolus followed immediately by 100 mg/m2 given as a continuous
infusion daily for 10 days; etoposide 100 mg/m2 in 0.9% saline daily by
intravenous infusion (1 hour) on days 1 to 5; and on days 1, 3, and 5, one of the
following: daunorubicin 50 mg/m2 as a 5-minute infusion, mitoxantrone 12
mg/m2 as a 30-minute infusion, or idarubicin 10 mg/m2 as a 5-minute infusion. In case of partial remission, a second remission induction course with the
same drugs was given. No myeloid growth factor administration was planned
by protocol during induction. In case of CR, a single course of consolidation
therapy was administered, consisting of intermediate-dose cytarabine (500
JOURNAL OF CLINICAL ONCOLOGY
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mg/m2 every 12 hours in a 2-hour infusion on days 1 through 6) and the same
intercalator used during induction, given on days 4 to 6.
Younger patients with a sibling donor were then assigned to undergo an
allogeneic SCT. Those without such a donor, as well as older patients, were to
receive an unpurged autologous blood or bone marrow SCT. Mobilization
and collection of autologous blood stem cells was planned for all these patients
irrespective of the assignment of the second randomization and was scheduled
during the recovery phase of the consolidation course. Lenograstim (150
mcg/m2) was given by daily subcutaneous injections from day 20 of the
consolidation course until completion of the peripheral-blood SCT. The total
blood stem-cell collection was considered successful if the CD34⫹ cells yield
was at least 2 ⫻ 106/kg body weight. Those patients who had to undergo a bone
marrow transplantation underwent a bone marrow collection procedure under general anesthesia.
Statistical Analysis
Overall survival was defined as the time interval from random assignment until death, whatever the cause. Disease-free survival was defined as the
time from CR until the first relapse or death from any cause. Survival from CR
was defined as the time from CR until death from any cause. The duration of
recovery was defined as the time from the first day of the chemotherapy course
until neutrophil recovery (neutrophils ⬎ 0.5 ⫻ 109/L) or platelet recovery
(platelets ⬎ 20 ⫻ 109/L); patients without recovery were censored at day 90.
Toxicity was evaluated according to the National Cancer Institute Common
Toxicity Criteria version 2.0.
The required number of patients was calculated to detect an increase in
the 5-year survival rate from 40% to 50% for each of the two main comparisons, idarubicin versus daunorubicin and mitoxantrone versus daunorubicin
(two-tailed test, ␣ ⫽ 2.5%, ␤ ⫽ 20%). For such comparisons, a total of 744
patients observed until death were required (ie, a minimum of 1,353 patients
to be randomly assigned and observed for 5 years). Such number of patients
also allowed the detection of a 10% difference (70% v 80%) in the CR rate after
induction (␣ ⫽ 2.5%, ␤ ⫽ 10%).
The actuarial survival curves were computed using the Kaplan-Meier
technique, and the SEs of the estimates were obtained via the Greenwood
formula.19 The differences between curves were tested for statistical significance using the two-tailed log-rank test.19 The estimate of the cumulative
incidence of relapse and of the incidence of death in CR and their corresponding SEs were obtained by using competing risk methods.19 The Cox’s proportional hazards model was used to obtain the estimate and the 97.5% or 99% CI
of the hazard ratio of the instantaneous event rate in each experimental group
(mitoxantrone or idarubicin) versus the daunorubicin group. This model has
also been used to adjust the treatment comparison for stratification factors,
except center, disease, and cytogenetics features.
The linear logistic regression model was used to perform the treatment
comparisons regarding CR rate after induction.
All the efficacy analyses were performed according to the intention-totreat-principle (all patients randomly assigned were included). Patients who
started the protocol treatment were considered for sensitivity analyses regarding efficacy and for comparisons of toxicities and of time to recovery. The
database was frozen on October 5, 2006. The SAS 9.1 software (SAS Institute
Inc, Cary, NC) was used for the statistical analyses.

RESULTS

Patient Characteristics
Between November 1993 and December 1999, a total of 2,157
patients were randomly assigned in the trial. Their median age was 44
years (range, 15 to 60 years); 50.3% of patients were male. The median
WBC count was 16.3 ⫻ 109/L (range, 0.4 to 590 ⫻ 109/L). The three
treatment groups were evenly matched with respect to various baseline characteristics (Table 1). A total of 65 patients were considered
www.jco.org

Table 1. Patient Characteristics by Randomized Treatment Group
Treatment Arm
DNR
Characteristic

No.

Total
Cooperative group
EORTC
GIMEMA
Age at diagnosis, years
15-25
26-45
46-60
Male sex
Performance statusⴱ at random
assignment
0
1
2
3-4
Missing
Type of AML
De novo
Therapy-related
Secondary
FAB subtype†
M0
M1
M2
M3
M4
M5
M6
M7
Missing/unknown
WBC count at random
assignment, ⫻109/L
⬍ 50
50-249.9
ⱖ 250
Cytogenetics‡
Favorable
Intermediate
Unfavorable
Other
Missing/unknown

MXR
%

No.

721
309
309
412

IDA

%

No.

%

42.9
42.9
57.1

719
295
295
424

41.0
41.0
59.0

717
311
311
406

43.4
43.4
56.6

96
308
317
354

13.3
42.7
44.0
49.1

104
294
321
358

14.5
40.9
44.6
49.8

83
314
320
373

11.6
43.8
44.6
52.0

305
307
97
12
16

42.3
42.3
13.5
1.6
2.2

308
310
89
12
19

42.8
43.1
12.4
1.7
2.6

312
301
92
12
13

43.5
42.0
12.8
1.7
1.8

693
15
13

96.1
2.1
1.8

688
15
16

95.7
2.1
2.2

683
17
17

95.3
2.4
2.4

30
115
233
2
163
136
22
8
12

4.2
16.0
32.3
0.3
22.6
18.9
3.1
1.1
1.7

31
141
231
4
139
133
24
5
11

4.3
19.6
32.1
0.6
19.3
18.5
3.3
0.7
1.5

31
131
226
3
147
133
23
6
17

4.3
18.3
31.5
0.4
20.5
18.5
3.2
0.8
2.3

525
184
12

72.8
25.5
1.7

520
185
14

72.3
25.7
1.9

522
182
13

72.8
25.4
1.8

82
158
50
108
323

11.3
21.9
6.9
15.0
44.8

61
146
63
99
350

8.5
20.3
8.8
13.8
48.7

79
151
66
101
320

11.0
21.1
9.2
14.1
44.6

Abbreviations: DNR, daunorubicin; MXR, mitoxantrone; IDA, idarubicin;
EORTC, European Organisation for Research and Treatment of Cancer;
GIMEMA, Gruppo Italiano Malattie Ematologiche Maligne dell’Adulto; AML,
acute myeloid leukemia; FAB, French-American-British.
ⴱ
WHO scale.
†Based on the opinion of local cytologist or of the review, if available. Six
patients were scored as M3 by the local cytologist: one was confirmed by the
reviewer, one was not confirmed, and three were not reviewed. Five
additional patients, initially considered as non-M3, were considered thereafter
as M3 by the reviewer.
‡Abnormalities 16q(22), and t(8;21) were considered favorable risk abnormalities, whether other abnormalities were present or not; eight patients with
t(15;17), ineligible for this trial, have been randomly assigned and considered
in this favorable group as well. NN karyotypes (ie no abnormalities seen in a
minimum of 20 mitoses) or those with –Y only were classified as intermediate
risk. Deletions of the long arm of chromosomes 5 (5q⫺) and/or 7 (7q⫺), or of
the entire chromosomes (⫺5,⫺7) and complex abnormalities (⬎ three abnormalities) were considered of unfavorable prognosis. Patients with other
abnormalities were pooled into a separate cytogenetic risk group (“other”).
Patients with unknown, not done, or unsuccessful cytogenetics were grouped
together as unknown risk.

© 2009 by American Society of Clinical Oncology
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Remission Induction and Consolidation Chemotherapy
A CR after one or two courses of induction chemotherapy
was achieved in 1,477 (68.5%) of 2,157 patients, with no significant
difference observed between the treatment arms, mitoxantrone versus daunorubicin (P ⫽ .63) and idarubicin versus daunorubicin
(P ⫽ .49). In most cases (93%), this response was obtained after the
first induction cycle. Additional details regarding the response rates
and types of failure are reported in Table 2 and Figure 1.
One consolidation course was administered to 1,380 (93.4%) of
1,477 complete responders, evenly distributed in the three arms. Consolidation was not given to the other 97 patients for various reasons:
severe toxicity from induction chemotherapy (n ⫽ 57), early relapse
(n ⫽ 8), withdrawal of consent/protocol violation (n ⫽ 12), and other
causes (n ⫽ 20). Among these 97 patients, two patients underwent an
autologous and six patients underwent an allogeneic transplantation
in first CR.
Transplantation
Only five of the 1,477 patients who reached CR were not typed.
An HLA-matched sibling donor was found in 465 (31.6%) of 1,472
typed patients in CR. Among these, allogeneic SCT was eventually
performed in 322 (69.2%; in six patients without consolidation cycle).
The rate of patients who underwent allogeneic SCT (SCT performed
of patients with an HLA-identical sibling available) was similar in the
three intercalator arms.
Among the remaining 1,007 patients in CR—typed but without a
donor—autologous SCT was successfully performed in a total of 513
patients: 194 patients in the daunorubicin arm, 161 patients in the
mitoxantrone arm, and 158 in the idarubicin arm. In particular, cell
collection was completed by peripheral blood in 357 (70%) of 513
patients: 132 patients in the daunorubicin arm, 116 patients in the
mitoxantrone arm, and 109 patients in the idarubicin arm. Additional

details about this step of the treatment program have been published previously.20
Autograft was successfully performed in 478 cases (476 after the
consolidation plus two in patients who did not receive the consolidation course). The distribution of autologous SCT among the
three arms was uneven: 183 (54.3%) of 337 patients in the daunorubicin arm, 145 (41.4%) of 350 patients in the mitoxantrone arm,
and 150 (46.9%) of 320 patients in the idarubicin arm (P ⬍ .001). This
significant difference was due to a higher rate of withdrawals from
toxicity and/or to a lower success rate of sufficient stem-cell collection
in the mitoxantrone and idarubicin arms: 194 (58%) of 337 patients in the daunorubicin arm, as compared with 161 (46%) of 350
patients in the mitoxantrone arm and 158 (49%) of 320 patients
in the idarubicin arm (see Hematopoietic Recovery and Adverse Effects).
Details and results regarding the second randomization will be
published separately.
Survival
At the time of data analysis the median follow-up was 5.6 years.
The median overall survival was 1.4 years, with no significant differences among the three treatment arms (Fig 2). A Cox model showed
that the results remained unchanged after the adjustment for several
presenting factors (disease, age, cytogenetics, WBC count).
Disease-free survival and survival from CR were similar in the
three intercalator arms. Separate treatment comparisons were performed in patients with and in those without a donor. In patients with
a donor (n ⫽ 465), the use of different intercalators had no impact on
the long-term outcome (Figs 3A and 3B). In those without a donor
(n ⫽ 1,007), the disease-free survival (Fig 4A) and survival from CR
(Fig 4B) were longer in the mitoxantrone and idarubicin arms than in
the daunorubicin arm.
In all patients who reached CR, censoring the follow-up at the
moment of allogeneic SCT, the comparison of mitoxantrone versus

DNR

1.0

Patients Alive (probability)

ineligible: 19 patients in the daunorubicin arm, 26 patients in the
mitoxantrone arm, and 20 patients in the idarubicin arm. Reasons for
ineligibility included concomitant diseases in 29 patients, insufficient
data in 20 patients, prior chemotherapy for AML in six patients, and
other causes in 10 patients.

Table 2. Response to Induction Chemotherapy by Assigned Treatment Group
Treatment Arm
DNR
Response

No.

No. of patients
Overall complete response
Partial response
Resistant disease
Persistent hypoplasia
Early deathⴱ
Death in hypoplasia
Unknown/missing data

721
495
16
98
5
23
64
20

MXR
%

No.

68.7
2.2
13.6
0.7
3.2
8.9
2.8

719
502
14
83
7
21
72
20

IDA
%

No.

69.8
1.9
11.5
1.0
2.9
10.0
2.8

717
480
21
102
3
24
74
13

%
66.9
2.9
14.2
0.4
3.3
10.3
1.8

Abbreviations: DNR, daunorubicin; MXR, mitoxantrone; IDA, idarubicin.
ⴱ
Early death was defined as death before the completion of the first cycle of
induction therapy, and death in hypoplasia was defined as death after the
completion of the induction cycle (1 or 2) before hematologic recovery.
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5-year % (SE) 31.4 (1.8)
HR (97.5% CI)
1
P

MXR

IDA

33.7 (1.9)
0.95 (0.82 to 1.10)
.43

34.3 (1.9)
0.94 (0.81 to 1.09)
.35

0.8

0.6

0.4

0.2

DNR
MXR
IDA

0

2

4

6

8

10

Time Since Diagnosis (years)
No. of patients at risk:
O No.
DNR
484 721

284

184

96

28

MXR

457 719

288

190

95

29

IDA

456 717

305

188

102

34

Fig 2. Global population of patients: duration of overall survival from diagnosis,
according to the treatment arm. DNR, daunorubicin; MXR, mitoxantrone; IDA,
idarubicin; HR, hazard ratio; O, observed number of deaths.
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1.0

0.8

5-year % (SE)
HR (99% CI)
P

DNR

MXR

IDA

47.9 (4.1)
1

44.1 (4.2)
1.09 (0.73 to 1.63)
.58

45.6 (4.1)
0.99 (0.66 to 1.47)
.93

B

0.6

0.4

0.2

DNR
MXR
IDA

0

2

4

6

8

1.0

Patients Alive (probability)

Patients Alive in Complete
Remission (probability)

A

10

0.8

5-year % (SE)
HR (99% CI)
P

DNR

MXR

IDA

54.3 (4.2)
1

48.0 (4.2)
1.19 (0.78 to 1.83)
.28

52.8 (4.1)
1.03 (0.67 to 1.59)
.87

0.6

0.4

0.2

DNR
MXR
IDA

0

Time Since Complete Remission (years)

2

4

6

8

10

Time Since Complete Remission (years)

No. of patients at risk:
O No.
DNR 81 156

76

54

30

5

No. of patients at risk:
O No.
DNR 69 156

MXR

83 150

67

58

31

6

MXR

IDA

84 159

81

55

29

11

IDA

76 150
73 159

88
75
92

64
63
61

32
35
33

6
6
12

Fig 3. Patients with an HLA sibling donor available. (A) Disease-free survival from complete remission according to treatment arm. (B) Survival from complete
remission according to treatment arm. DNR, daunorubicin; MXR, mitoxantrone; IDA, idarubicin; HR, hazard ratio; O, observed number of events.

Hematopoietic Recovery and Adverse Effects
The times to a neutrophil count of 0.5 ⫻ 109/L and a platelet
count of 20 ⫻ 109/L after induction treatment were similar in the three
arms, whereas after consolidation, the hematopoietic recovery was
significantly shorter in the daunorubicin group than in the two other
intercalator groups (Table 3).

Patients Alive in Complete
Remission (probability)

A

DNR

1.0

0.8

5-year % (SE) 29.1 (2.5)
HR (99% CI)
1
P

MXR

IDA

37.1 (2.7)
0.80 (0.63 to 1.03)
.02

37.0 (2.8)
0.83 (0.65 to 1.07)
.06

0.6

0.4

0.2

0

DNR
MXR
IDA

2

4

6

8

The frequencies of various grade 3 or grade 4 adverse effects after
induction chemotherapy were similar between the three groups. After
consolidation, both severe infections and severe noninfectious toxicities were more frequent in the mitoxantrone and idarubicin arms than
in the daunorubicin arm (Table 3). There were no differences regarding the frequency of bacterial and fungal infections (data not shown).
DISCUSSION

This randomized trial, the largest study in adults with AML published
to date, attempted to eliminate the possible biases of previous trials

B

10

0.8

MXR 213 350
IDA

198 320

143
132

80
97
90

46
47
48

16
18
15

5-year % (SE) 35.7 (2.7)
HR (99% CI)
1
P

MXR

IDA

43.2 (2.8)
0.81 (0.63 to 1.05)
.03

44.7 (2.9)
0.77 (0.59 to 1.00)
.01

0.6

0.4

0.2

0

Time Since Complete Remission (years)
No. of patients at risk:
O No.
DNR 235 337
112

DNR

1.0

Patients Alive (probability)

daunorubicin yielded a hazard ratio of 0.82 (97.5% CI, 0.67 to 1.00;
P ⫽ .025), and idarubicin versus daunorubicin yielded a hazard ratio
of 0.85 (97.5% CI, 0.70 to 1.04; P ⫽ .07). Regarding survival from CR,
the results were 0.86 (97.5% CI, 0.69 to 1.05; P ⫽ .09) and 0.81 (97.5%
CI, 0.65 to 1.00; P ⫽ .025), respectively.

DNR
MXR
IDA

2

4

6

8

10

Time Since Complete Remission (years)
No. of patients at risk:
O No.
DNR 212 337
160
MXR 190 350
IDA

170 320

184
179

100
114
111

54
50
58

17
18
19

Fig 4. Patients without an HLA sibling donor available. (A) Disease-free survival from complete remission according to treatment arm. (B) Survival from complete
remission according to treatment arm. DNR, daunorubicin; MXR, mitoxantrone; IDA, idarubicin; HR, hazard ratio; O, observed number of events.
www.jco.org

© 2009 by American Society of Clinical Oncology

5401

Mandelli et al

Table 3. Time to Hematopoietic Recovery and Incidence of WHO Grade 3 to
Grade 4 Main Adverse Events After Induction and Consolidation Treatments
Treatment Arm
Time to Recover/Adverse Event
Time to neutrophil count ⬎ 0.5 ⫻ 109/L, daysⴱ
First induction
Consolidation†
Time to platelet count ⬎ 20 ⫻ 109/L, daysⴱ
First induction
Consolidation‡
Grade 3 or 4 infections, %
First induction
Consolidation§
Grade 3 or 4 adverse effects other than
infections, %
First induction
Consolidation㛳

DNR

MXR

IDA

26
22

27
26

26
26

24
20

25
26

24
26

29.8
13.6

33.2
24.3

32.8
22.3

44.5
16.8

45.9
20.4

46.0
24.0

Abbreviations: DNR, daunorubicin; MXR, mitoxantrone; IDA, idarubicin.
ⴱ
Recovery times of patients who achieved a complete remission. Results are
presented as median.
†P value, overall comparison: ⬍ .001.
‡P value, overall comparison: ⬍ .001.
§P value, overall comparison: .001 (MXR v DNR, P ⬍ .001; IDA v DNR, P ⫽ .001).
㛳P value, overall comparison: .008 (MXR v DNR, P ⫽ .20; IDA v DNR, P ⫽ .01).

comparing intercalating agents: insufficient numbers of patients involved to demonstrate a small but clinically meaningful advantage for
one of the treatment arms and insufficient duration of follow-up to
demonstrate the impact of treatment on the long-term outcome. The
results indicate that mitoxantrone and idarubicin are not superior to
daunorubicin regarding the CR rate and overall survival. However, in
patients without an HLA-identical sibling donor, the disease-free survival and survival from CR were significantly longer in the mitoxantrone and idarubicin arms than in the daunorubicin arm. This
dismal outcome in the daunorubicin group of patients without a
donor become more evident after a longer follow-up, because it was
mainly related to an higher incidence of late relapse.
The interpretation of these findings requires careful attention.
Whereas the three induction regimens seemed comparable both in
terms of efficacy and toxicity, the longer duration of neutrophil
and platelet recovery after consolidation seem to indicate a more
pronounced cumulative hematopoietic toxicity of the mitoxantrone and idarubicin arms. These two arms showed also a significantly higher rate of severe infections and other adverse effects
than in the daunorubicin arm, resulting in a lower rate of successful
collection of peripheral stem cells and, accordingly, a reduced
feasibility of autologous SCT.
Considering the significantly higher rate of SCT performed in the
daunorubicin arm, and the related possible stronger antileukemic
activity, one could have expected better outcomes in terms of diseasefree survival in this group of patients; however, this was not the case.
Patients treated with mitoxantrone or idarubicin actually had a significantly lower relapse rate and longer survival, possibly suggesting a
more prominent antileukemic effect exerted by these two drugs, who
could be able to produce a better in vivo purging, resulting in fewer
residual normal and leukemic stem cells and “better quality” remissions. These data confirm results previously reported in the detailed
analysis of peripheral-blood stem-cell collection and transplantation outcomes.20
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With regard to the mechanism of action, both mitoxantrone
and idarubicin are known to be active against leukemia cell lines
resistant to daunorubicin.21,22 Whether these drugs exert a differential activity on normal hematopoietic stem cells is not clear.
However, the comparable toxicity of the three drugs in combination with conventional-dose cytarabine and etoposide during induction does not necessarily imply that the same doses of the drugs
have equivalent effects with the combination of intermediate-dose
cytarabine during postremission chemotherapy. Unfortunately,
no other randomized study has made this direct comparison.
In patients with a sibling donor, most of whom underwent an
allogeneic SCT, the beneficial effect of mitoxantrone and idarubicin
was not apparent, probably due to the additional graft-versusleukemia effect, which is likely drug-independent.
Comparison of our trial with previous trials can hardly be performed because of the different study designs and/or patient populations. A randomized study of the Eastern Cooperative Oncology
Group in older patients (age ⬎ 55 years) comprising 362 patients only
did not show any difference in remission rates, disease-free survival,
overall survival, or toxicity among patients receiving one of these three
agents during the induction phase.13 Aside from that, no other study
has directly compared the three intercalators.
A meta-analysis of randomized trials comparing idarubicin
with daunorubicin reported similar early induction failure rates
(20% for idarubicin v 18% for daunorubicin; P ⫽ .4), but fewer late
(after day 40) induction failures with idarubicin (53% v 62%,
P ⫽ .002).23 Among patients achieving CR, fewer patients assigned
to idarubicin experienced relapse (P ⫽ .008) but somewhat more
died in CR, resulting in no significant benefit in disease-free survival (P ⫽ .07). Furthermore, overall survival was better with
idarubicin compared with daunorubicin, with 13% versus 9%,
respectively, alive at 5 years (P ⫽ .03).
In the Medical Research Council AML-12 trial,15 1,243 patients
15 to 59 years of age (26 patients between 60 and 65 years of age) were
randomly assigned to either daunorubicin or mitoxantrone, each
given with cytarabine for one or two courses for induction. All patients
achieving CR subsequently received multiple courses of consolidation
chemotherapy. There were no significant differences in CR, percentage of patients dying in CR, resistant disease, relapse, disease-free
survival, or overall survival between the two induction regimens.
Another systematic overview of chemotherapy effects in
AML has not shown conclusive evidence in favor of the use
of mitoxantrone.24
In summary, our results indicate that in adults with AML
without an HLA-compatible sibling donor, the use of mitoxantrone or idarubicin during both induction and consolidation
reduces the risk of relapse. Either of these drugs should be considered to replace daunorubicin in future trials for the treatment of
AML, provided that allogeneic SCT is not considered as postremission therapy.
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