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ABSTRACT

BACKGROUND

In young adults with acute myeloid leukemia (AML), intensification of the anthra-
cycline dose during induction therapy has improved the rate of complete remission
but not of overall survival. We evaluated the use of cytarabine plus either standard-
dose or high-dose daunorubicin as induction therapy, followed by intensive con-
solidation therapy, in inducing complete remission to improve overall survival.

METHODS

In this phase 3 randomized trial, we assigned 657 patients between the ages of 17
and 60 years who had untreated AML to receive three once-daily doses of daunoru-
bicin at either the standard dose (45 mg per square meter of body-surface area) or
a high dose (90 mg per square meter), combined with seven daily doses of cytara-
bine (100 mg per square meter) by continuous intravenous infusion. Patients who
had a complete remission were offered either allogeneic hematopoietic stem-cell
transplantation or high-dose cytarabine, with or without a single dose of the mono-
clonal antibody gemtuzumab ozogamicin, followed by autologous stem-cell trans-
plantation. The primary end point was overall survival.

RESULTS

In the intention-to-treat analysis, high-dose daunorubicin, as compared with a stan-
dard dose of the drug, resulted in a higher rate 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). The rates of serious adverse events were similar in the two groups. Me-
dian follow-up was 25.2 months.

CONCLUSIONS
In young adults with AML, intensifying induction therapy with a high daily dose
of daunorubicin improved the rate of complete remission and the duration of
overall survival, as compared with the standard dose. (ClinicalTrials.gov number,
NCT00049517.)
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HE SURVIVAL OF PATIENTS WITH ACUTE

myeloid leukemia (AML) is affected by

many variables, including therapy that in-
duces complete remission and appropriate con-
solidation therapy. Currently, anthracycline plus
cytarabine is the usual induction therapy for pa-
tients with AML.* The widely used intravenous
combination of daunorubicin (at a dose of 45 mg
per square meter of body-surface area), given daily
for 3 days, and cytarabine (at a dose of 100 mg
per square meter), given daily for 7 days, results
in complete remission in 50 to 75% of patients.’?
Neither the addition of other drugs to daunoru-
bicin and cytarabine® nor intensification of the
dose of cytarabine*° has been shown to improve
the outcome.

Increasing the anthracycline dose with cy-
tokine support could improve the rate of com-
plete remission and other outcomes.”*® A high
rate of complete remission was reported when
daunorubicin was given at a daily dose of 60 mg
per square meter for 3 days.'»*2 Results of phase
1 and 2 studies”® have suggested that daunoru-
bicin doses of 70 to 95 mg per square meter for
3 days are safe and improve the rate of complete
remission.

The question of whether intensification of the
anthracycline dose for induction therapy might
improve survival in patients with AML who are
under the age of 60 years remains unresolved.
To address this question, the Eastern Cooperative
Oncology Group (ECOG) conducted a phase 3 ran-
domized study comparing standard-dose dauno-
rubicin (45 mg per square meter per day) with
high-dose daunorubicin (90 mg per square meter
per day).

METHODS

PATIENTS

From December 2002 through November 2008, a
total of 657 patients between the ages of 17 and
60 years who had untreated AML were enrolled
in the study. An antecedent hematologic disorder
had been diagnosed in some of the patients up to
6 months before study entry. Eligibility was based
on confirmation of AML with the use of central
immunophenotyping and morphologic analysis.
The ECOG’s Cytogenetic Subcommittee reviewed
conventional chromosome studies that were ob-
tained by individual institutions and categorized
patients as having a risk profile that was favor-

able, unfavorable, intermediate, or indeterminate
on the basis of a published classification system.*3
Fluorescence in situ hybridization (FISH) analy-
sis was performed at the Mayo Clinic’s cytoge-
netics laboratory on samples from 535 patients,
with the use of probes that have been described
previously.*# All patients were tested centrally for
the most common AML molecular aberrations,*s
including the mixed-lineage leukemia gene (MLL),
partial tandem duplication (PTD),'¢ and FMS-like
tyrosine kinase 3 (FLT3)—internal tandem dupli-
cation (ITD),*” with the use of a semiquantitative
polymerase-chain-reaction (PCR) assay.

STUDY DESIGN AND OVERSIGHT
The trial was developed by the ECOG Leukemia
Committee. Data were collected and certified by
the ECOG Data Coordinating Center and ana-
lyzed by the authors. All patients provided writ-
ten informed consent and had to be candidates
for subsequent hematopoietic stem-cell transplan-
tation. The study was approved by the institu-
tional review board at the National Cancer Insti-
tute and at each of the study centers.

TREATMENT
Eligible patients were randomly assigned to re-
ceive either 45 mg or 90 mg of intravenous dauno-
rubicin per square meter daily for 3 days, together
with intravenous cytarabine (100 mg per square
meter per day) infused continuously for 7 days.
Bone marrow aspiration and biopsy were per-
formed on day 12 to 14 of therapy. If residual
leukemic blasts were seen, a second induction
course was given with the same dose and dura-
tion of cytarabine plus 45 mg of daunorubicin
per square meter for 3 days. After bone marrow
aplasia was confirmed on the basis of the Inter-
national Working Group definition of AML,®
patients were given daily sargramostim (at a dose
of 250 ug per square meter) until recovery of
neutrophils was observed. After recovery from
induction therapy and before assignment to con-
solidation therapy, complete remission was con-
firmed by bone marrow aspiration and biopsy.
Patients in whom complete remission was not
achieved after one or two courses of therapy were
withdrawn from the study.

Post-remission consolidation therapy with al-
logeneic or autologous stem-cell transplantation
was based on the risk of relapse. Patients with
an unfavorable cytogenetic profile or a white-cell
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count of more than 100,000 per cubic millimeter
at diagnosis were offered allogeneic stem-cell
transplantation if they had an HLA-matched sib-
ling. Patients who had an intermediate cytoge-
netic profile and an HLA-matched sibling were
offered the same option. The remaining patients
were offered autologous stem-cell transplantation.
To proceed with consolidation treatment, patients
had to be in complete remission, with no per-
sisting complications of previous chemotherapy,
a normal cardiac ejection fraction, an ECOG per-
formance status of 2 or less (on a scale of 0 to 5,
with higher scores indicating more severe debil-
ity), and adequate hepatic and renal function.
Some patients with high-risk disease withdrew
from the study to undergo stem-cell transplanta-
tion from a matched unrelated donor, but these
patients were followed for overall survival.

Patients who underwent autologous stem-cell
transplantation received two cycles of high-dose
cytarabine therapy (3 g per square meter given
intravenously over a 3-hour period every 12 hours
every other day for a total of six doses),* followed
by collection of peripheral-blood hematopoietic
stem cells. Before transplantation, half of these
patients received a single dose of gemtuzumab
ozogamicin (at a dose of 6 mg per square meter),
according to randomization, performed at the time
of enrollment, for post-remission therapy.

STATISTICAL ANALYSIS
We compared demographic factors and disease
characteristics using t-tests and chi-square tests.
All reported P values are two-sided. Overall sur-
vival was measured from the time of randomiza-
tion for induction therapy. The study was designed
according to a cure-rate model. Enrollment and
follow-up goals were set to provide the study with
a power of at least 85% to detect a 23% decrease
in the hazard rate for death in the group receiv-
ing the 90-mg dose of daunorubicin with the use
of a one sided log-rank test at the 0.025 signifi-
cance level and assuming 2 years of follow-up.
The study was predicated on an estimated enroll-
ment of 830 patients and 563 deaths. The protocol
provided for interim efficacy analyses of overall
survival with the use of O’Brien—Fleming bound-
aries at two points, after the occurrence of 282
deaths and after the occurrence of 423 deaths.

A secondary end point was a comparison of
rates of complete remission in the two study
groups. An enrollment of 747 patients would pro-

vide a power of 85% to detect a 10% improvement
in the complete-remission rate in the high-dose
group with the use of a two-sample binomial test
at a one-sided 0.025 significance level. The inter-
im futility analyses for complete remission were
conducted when induction-response data were
available for 25%, 50%, and 75% of the 747 eli-
gible patients. The study was unblinded at the
third interim analysis of complete-remission rates,
when significant differences in survival between
the two groups became apparent. The study was
then terminated by the ECOG data and safety
monitoring committee. The survival analysis was
performed on the intention-to-treat principle.
Overall survival was compared with the use of
the log-rank test and a Cox proportional-hazards
model. Differences in response rates were evalu-
ated in eligible patients for whom complete data
on response status were available. Differences were
tested with the use of either Fisher’s exact test or
exact methods for ordered categorical data. Exact
binomial confidence intervals are provided.

RESULTS

PATIENTS
Of the 657 patients who were enrolled in the
study, 30 were ineligible because of an incorrect
diagnosis, withdrawal of informed consent, or
other reasons. The evaluation of response was in-
complete for 45 patients; thus, responses were
evaluated in 582 patients. The median age of all
657 patients was 48 years (range, 17 to 60). Median
follow-up among survivors was 25.2 months
(range, 0.6 to 70.3).

Table 1 provides the demographic and clini-
cal characteristics of the patients at the time of
the first randomization. There were no significant
differences between the two groups with respect to
demographic features, leukemia classification (on
the basis of the 2001 criteria of the World Health
Organization),?° cytogenetic profiles, or other dis-
ease characteristics.

INDUCTION THERAPY
Of the 582 eligible patients, 372 (63.9%; 95% con-
fidence interval [CI], 59.9 to 67.8) had a complete
remission: 168 of 293 patients (57.3%; 95% CI,
51.5 to 63.1) in the standard-dose group and 204
of 289 (70.6%; 95% CI, 65.0 to 75.8) in the high-
dose group (P<0.001 by Fisher’s exact test). Among
patients in the two study groups who had a com-
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plete remission, 121 of 168 in the standard-dose
group (72.0%) and 170 of 204 in the high-dose
group (83.3%) had a complete remission after
one cycle of induction treatment. Of the 125 pa-

tients in the standard-dose group who did not
have a response to treatment, 76 (60.8%) had one
cycle and 49 (39.2%) had two cycles of induction
treatment. Among 85 similar patients in the high-

Table 1. Baseline Demographic and Clinical Characteristics of the Patients.*

Variable
Age
Group — no. (%)
<50yr
=50 yr
Median — yr
Range —yr
Sex — no. (%)
Male
Female
Peripheral-blood white-cell count
Level — no. (%)
<10,000/mm?
=10,000/mm?
Missing data
Median — cells/mm?x 1000
Range — cells/mm?x 1000
Hemoglobin
Level — no. (%)
<10 g/dl
=10 g/dI
Missing data
Median — g/dI
Range — g/dI
Peripheral-blood platelet count
Level — no. (%)
<50,000/mm?
=50,000/mm?
Missing data
Median — platelets/mm?
Range — platelets/mm?
Blasts
Peripheral blood
Median — %
Range — %
Bone marrow
Median — %
Range — %

Standard Dose High Dose
(45 mg/m?/day) (90 mg/m?/day)
(N=330) (N=327) P Value
0.27
188 (57.0) 172 (52.6)
142 (43.0) 155 (47.4)
47 48 0.24
17-60 18-60
0.59
172 (52.1) 163 (49.8)
158 (47.9) 164 (50.2)
0.75
150 (45.5) 154 (47.1)
177 (53.6) 171 (52.3)
3 (0.9) 2 (0.6)
12,000 12,000 0.85
1,000-366,000 1,000-192,000
0.61
229 (69.4) 233 (71.3)
98 (29.7) 91 (27.8)
3(0.9) 3(0.9)
9 9 0.37
5-30 5-15
0.64
149 (45.2) 155 (47.4)
177 (53.6) 170 (52.0)
4(1.2) 2 (0.6)
53,000 52,000 0.33
9,000-995,000 1,000-479,000
0.96
32 31
0-98 0-99
0.58
64 65
3-100 8-100
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Table 1. (Continued.)

Variable
CD33
Peripheral blood
Median — %
Range — %
Bone marrow
Median — %
Range — %

Peripheral-blood neutrophils
Median — cells/mm?

Range — cells/mm?

Leukemia classification — no. (%)
AML with minimal differentiation
AML without maturation
AML with maturation
Acute myelomonocytic leukemia
Acute monocytic or monoblastic leukemia
Acute erythroid leukemia
Acute megakaryoblastic leukemia
AML with multilineage dysplasia
CBF-B—positive AML
AMLI-ETO-positive AML
AML with MLL rearrangements
AML not otherwise specified
Ineligible leukemia classification
Not reviewed

Cytogenetic profile — no. (%)
Favorable
Indeterminate
Intermediate
Unfavorable

Missing data

Standard Dose High Dose
(45 mg/m?/day) (90 mg/m?/day)
(N=330) (N=327) P Value
0.29
84 87
0-100 0-99
0.67
87 85
0-100 0-100
0.57
9 11
0-784 0-951
0.79
14 (4.2) 15 (4.6)
39 (27.0) 66 (20.2)
50 (15.2) 62 (19.0)
35 (10.6) 28 (8.6)
20 (6.1) 20 (6.1)
13 (3.9) 16 (4.9)
1(0.3) 2(0.6)
18 (5.5) 18 (5.5)
24 (7.3) 33 (10.1)
20 (6.1) 25 (7.6)
23 (7.0) 24 (7.3)
2 (0.6) 2 (0.6)
9(2.7) 7(2.1)
12 (3.6) 9(2.8)
0.57
38 (11.5) 51 (15.6)
89 (27.0) 85 (26.0)
142 (43.0) 127 (38.8)
59 (17.9) 63 (19.3)
2 (0.6) 1(0.3)

* AML denotes acute myeloid leukemia, AML1-ETO expression of the AML1-myeloid translocation gene on chromosome
8 (MTGS), CBF-B core-binding factor 8, and MLL mixed-lineage leukemia. Percentages may not total 100 because of

rounding.

T Patients with certain types of leukemia (e.g., acute promyelocytic or biphenotypic leukemia) were not included in the

analysis.

dose group, 56 (65.9%) had one cycle and 29 logic toxic effects between the two study groups

(34.1%) had two cycles of induction therapy.

ADVERSE EVENTS

(Table 2). The rate of treatment-related grade 3 to
5 cardiac toxic effects was 7.2% in the standard-
dose group and 7.9% in the high-dose group.

There were no significant differences in the rates A reduced left ventricular ejection fraction was

of grade 3 to 5 hematologic and nonhemato-
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Table 2. Adverse Events during the Induction Phase.*

Standard Dose (45 mg/m?*/day)

High Dose (90 mg/m?/day)

Adverse Event (N=318) (N=315)
Grade 3 Grade 4 Grade 5 Grade3  Grade 4 Grade 5
no. of patients with event

Low hemoglobin 212 34 0 200 41 0
Low blood countf

Leukocytes 5 303 0 1 309

Neutrophils 11 296 0 7 286

Platelets 51 258 0 56 252 0
Transfusion required

Platelets 175 17 0 181 20 0

Packed red cells 187 4 0 185 2 0
Fatigue 17 1 0 11 8 0
Feveri: 15 4 0 17 9 0
Rash or desquamation 15 1 0 16 0 0
Anorexia 12 12 0 16 16 0
Nausea 19 1 0 17 0 0
Hemorrhage with grade 3 or 4 low 25 4 1 31 4 0

platelet count

Febrile neutropenia 103 8 0 99 14 0
Infection with grade 3 or 4 neutropenia 127 21 1 123 31 8
Dyspnea 12 6 0 3 10 1
Cardiac event 15 5 3 14 10 1

s

“ Listed are all grade 3 to 5 adverse events that occurred in

more than 5% of patients during the induction phase of the

trial. The cardiac ejection fraction was measured before induction therapy with the use of multiple gated acquisition
(MUGA) scanning or echocardiography if MUGA scanning was unavailable. Patients who had a complete remission
were required to undergo repeat MUGA scanning before consolidation therapy and stem-cell transplantation.

Blood-count values are based on Common Terminology Criteria for Adverse Events (version 3.0), as follows: leuko-

cytes: grade 3, less than 2000 to 1000 per cubic millimeter; grade 4, less than 1000 per cubic millimeter; grade 5, death;
neutrophils: grade 3, less than 1000 to 500 per cubic millimeter; grade 4, less than 500 per cubic millimeter; grade 5,
death; platelets: grade 3, less than 50,000 to 25,000 per cubic millimeter; grade 4, less than 25,000 per cubic millimeter;

grade 5, death.
Values for fever are as follows: grade 3, more than 40.0°C
more than 24 hours.

(104.0°F) for 24 hours or less; grade 4, more than 40.0°C for

dose group and in 4 of 315 patients (1.3%) in the
high-dose group (leading to death in 1 of the 4 pa-
tients) (P=0.06). The death rates during induc-
tion therapy were 4.5% in the standard-dose
group and 5.5% in the high-dose group (P=0.60).
Causes of death were infection (14 patients), pul-
monary failure (6), cardiac failure (4), hemorrhage
(3), hypotension (2), and ileus (1).

THERAPY AFTER REMISSION

Of the 657 patients who underwent randomiza-
tion, 352 (53.6%) entered the consolidation phase:
163 of 330 patients (49.4%) from the standard-

dose induction group and 189 of 327 (57.8%)
from the high-dose group (P=0.03). Of the 372
patients who were evaluated for a response and
had a complete remission, 69 (18.5%) did not reg-
ister for the consolidation phase because of a de-
cision by either the patient or a physician to seek
stem-cell transplantation from an unrelated do-
nor or because of progressive disease, adverse
events, or the patient’s decision not to continue
participating in the study.

Overall, 177 of 352 patients (50.3%) in the con-
solidation phase underwent stem-cell transplan-
tation. Of these patients, 17 of 163 patients (10.4%)
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Standard Dose High Dose
Subgroup (45 mg/m?2/day) (90 mg/m?2/day) Hazard Ratio (95% Cl)
no. of events/total (%)
All patients 199/330 (60.3) 168/327 (51.4) —B— 0.74 (0.60-0.90)
Age '
<50 yr 103/188 (54.8) 76/172 (44.2) —B—— 0.65 (0.48-0.87)
=50 yr 96/142 (67.6) 92/155 (59.4) —— 0.83 (0.62-1.10)
Sex E
Male 105/172 (61.0) 88/163 (54.0) —1— 0.79 (0.60-1.06)
Female 94/158 (59.5) 80/164 (48.8) —m— 0.68 (0.50-0.91)
Hemoglobin level i
<10 g/dI 136/229 (59.4) 123/233 (52.8) —l— 0.78 (0.61-0.99)
=10 g/dl 61/98 (62.2) 44/91 (48.4) — . 0.66 (0.45-0.97)
Platelet count E
<50,000/mm3 87/149 (58.4) 86/155 (55.5) —B 0.89 (0.66-1.20)
>50,000/mm? 110/177 (62.1) 82/170 (48.2) S — 0.64 (0.48-0.86)
White-cell count 1
<10,000/mm? 87/150 (58.0) 75/154 (48.7) —u— 0.71 (0.52-0.97)
>10,000/mm? 110/177 (62.1) 93/171 (54.4) —— 0.78 (0.59-1.03)
Cytogenetic profile E
Favorable 15/38 (39.5) 14/51 (27.5) 00— » 061 (0.30-1.27)
Indeterminate 57/89 (64.0) 51/85 (60.0) -0 0.80 (0.54-1.16)
Intermediate 80/142 (56.3) 57/127 (44.9) —— 0.67 (0.48-0.94)
Unfavorable 46/59 (78.0) 45/63 (74.1) —— @ 085(0.56-1.29)
I T T

High Dose Standard
Better Dose
Better

P Value

0.004

0.004
0.20

0.11
0.01

0.05
0.03

0.45
0.003

0.03
0.08

0.19
0.24
0.02
0.45

Figure 1. Hazard Ratios for Death, According to Subgroup.

portional to the inverse of the standard error of the hazard-ratio estimates.

All hazard ratios are for patients who received a 90-mg dose of daunorubicin (high-dose group), as compared with those who received a
45-mg dose (standard-dose group). A univariate Cox proportional-hazards model was used to estimate hazard ratios and the signifi-
cance of the comparison for overall survival. The horizontal lines represent 95% confidence intervals for the ratios. The box size is pro-

in the standard-dose group and 19 of 189 patients subgroup receiving this drug was closed in Oc-
(10.1%) in the high-dose group underwent allo- tober 2007.
geneic stem-cell transplantation; 62 patients in

the standard-dose group (38.0%) and 79 patients
in the high-dose group (41.8%) underwent autolo-
gous stem-cell transplantation. The reasons that
patients did not undergo the intended transplan-
tation procedure included withdrawal from the
study or choice of alternative therapy (30.3%), pro-
gressive disease (25.5%), an inability to collect
stem cells (11.7%), insurance refusal (3.4%), ad-
verse events (11.0%), an unexpected decrease in
the blood count (2.8%), other complicating dis-
eases (4.8%), death (2.8%), and other reasons
(7.7%). Since the administration of gemtuzumab
ozogamicin in the consolidation phase before
stem-cell transplantation conferred no improve-
ment in disease-free or overall survival, the

OVERALL SURVIVAL

The hazard ratio for death in the high-dose group,
as compared with the standard-dose group, was
0.74 (95% CI, 0.60 to 0.90) (Fig. 1). Multivariate
proportional-hazards models were used to exam-
ine the effect of treatment on overall survival,
with adjustment for sex, age, hemoglobin level,
leukocyte counts, platelet counts, and cytogenet-
ic profile; older age, an unfavorable cytogenetic
profile, and high leukocyte counts are clinically
significant risk factors for poor survival. With
adjustment for these risk factors as continuous
variables, the hazard ratio for death in the high-
dose group was 0.74 (95% CI, 0.60 to 0.92;
P=0.005). When these factors were included as
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A All Patients

Probability of Overall Survival

Induction Treatment
Standard dose (45 mg/m?/day)

1.0
0.9+
0.8
0.74
0.6
0.5
0.4 High dose
0.34
0.2
0.14 P=0.003 Standard dose
0.0 T T T T T T 1
0 10 20 30 40 50 60 70
Months
Median
Total Deaths Censored Survival
330 199 131 15.7 mo
327 168 159 23.7 mo

High dose (90 mg/m?/day)

Probability of Overall Survival

B Favorable or Intermediate Cytogenetic Profile

Induction Treatment
Standard dose (45 mg/m?/day)

1.0+
0.9
0.8
0.7
0.6
054 High dose
0.4+
0.3
0.2+ Standard dose
0.14 P=0.004
00 T T T T T T 1
0 10 20 30 40 50 60 70
Months
Median
Total Deaths Censored Survival
180 95 85 20.7 mo
178 71 107 34.3 mo

High dose (90 mg/m?/day)

Probability of Overall Survival

C Unfavorable Cytogenetic Profile

Induction Treatment
Standard dose (45 mg/m?/day)

1.0+
0.94
0.8
0.7
0.6
0.5
0.4+
037 High dose
0.2
P=0.4
0.1 045 Standard dose
0.0 T T T T T T 1
0 10 20 30 40 50 60 70
Months
Median
Total Deaths Censored Survival
59 46 13 10.2 mo
63 45 18 10.4 mo

High dose (90 mg/m?/day)
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Figure 2. Kaplan—Meier Estimates of Overall Survival.
Data from the intention-to-treat analysis are shown for
survival of all patients (Panel A), those with a favorable
or an intermediate cytogenetic profile (Panel B), and
those with an unfavorable cytogenetic profile (Panel C).

categorical variables, the hazard ratio for death
in the high-dose group was 0.72 (95% CI, 0.58 to
0.89; P=0.002). The median overall survival was
15.7 months in the standard-dose group and 23.7
months in the high-dose group (P=0.003 by the
log-rank test) (Fig. 2A).

Effect of Age

The patient’s age at the time of induction therapy
influenced the response rate. Of the 657 patients,
55% were under the age of 50 years. In the stan-
dard-dose group, patients under the age of 50
years had a complete-remission rate of 59.4% and
a median survival of 19.0 months; in the high-
dose group, patients in this age group had a com-
plete-remission rate of 74.3% and a median sur-
vival of 34.3 months (hazard ratio for death in
the high-dose group, 0.65; P=0.004). Patients who
were 50 years of age or older had no significant
benefit from the high dose of daunorubicin; me-
dian survival was 12.2 months in the standard-dose
group and 16.9 months in the high-dose group
(hazard ratio, 0.83; P=0.20). However, the inter-
action between treatment assignment and age cat-
egory was not significant (P=0.25).

Effect of Cytogenetic Profile

Patients were classified according to the risk as-
sociated with their cytogenetic profile, with 13.6%
of patients deemed to be at favorable risk, 41.1%
at intermediate risk, 26.6% at indeterminate risk,
and 18.7% at unfavorable risk. Complete-remis-
sion rates for the favorable-risk, intermediate-risk,
and unfavorable-risk groups were 81.3%, 58.7%,
and 51.4%, respectively (P<0.001 for overall com-
parisons). Median survival was longest in the fa-
vorable-risk group but did not differ significantly
between the treatment groups (hazard ratio for
death in the high-dose group, 0.61; P=0.18). At
the time of the final analysis, median survival
had not been reached among patients in the fa-
vorable-risk group who were treated with high-
dose daunorubicin. The greatest difference between
the two treatment groups was seen in the inter-
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mediate-risk subgroup, with a median survival of
17.8 months in the standard-dose group and 32.3
months in the high-dose group (hazard ratio for
death in the high-dose group, 0.67; P=0.02). When
patients in the favorable-risk and intermediate-
risk subgroups were pooled, the overall median
survival was 20.7 months in the standard-therapy
group and 34.3 months in the high-dose group
(P=0.004 by the log-rank test) (Fig. 2B). The
worst outcome occurred in the subgroup with an
unfavorable cytogenetic profile, in which the me-
dian survival was less than 11 months for both
treatment groups (hazard ratio for the high-dose
group, 0.85; P=0.45) (Fig. 2C). However, the in-
teraction between the treatment assignment and
the cytogenetic profile was not significant (P=0.89).

Effect of Mutations

High-dose daunorubicin did not provide a sig-
nificant survival benefit in patients who had the
FLT3-ITD or MLL-PTD mutation (Fig. 3A to 3D).
Moreover, in the high-dose group, patients with
the FLT3-ITD mutation had a lower median survival
(15.2 months) than those without the FLT3-ITD
mutation (28.6 months, P=0.009 by the log-rank
test) (Fig. 3E).

DISCUSSION

It has been postulated that one of the most effec-
tive ways to achieve higher rates of complete re-
mission and overall survival among patients with
AML is to increase the induction dose of anthra-
cyclines.® Trials of various chemotherapeutic agents
have shown an improved rate of complete remis-
sion with higher doses of daunorubicin, as com-
pared with the standard 45-mg dose. In aggre-
gate, however, these studies have not definitively
shown improved rates of overall survival associ-
ated with such increases.>¢21,22

In our study, we found significant improve-
ments in rates of complete remission and overall
survival among patients who received high-dose
daunorubicin. The higher dose did not signifi-
cantly increase the frequency of adverse events
or affect the delivery of consolidation therapy.

The rates of complete remission that were at-
tained in this trial were lower than those in sev-
eral previous studies,>1%232* even in the high-dose
group. However, these rates are similar to results
of previous ECOG studies, in which the admin-

istration of 45-mg to 60-mg doses of daunorubi-
cin resulted in a median complete-remission rate
of 62%.25 Our study design allowed the enroll-
ment of patients who had received the diagnosis
of an antecedent hematologic disorder within the
previous 6 months and patients with multilineage
dysplasia, which may have contributed to lower
rates of complete remission. Early withdrawal by
the patients or their physicians in order to seek
alternative therapy could have contributed to the
relatively low complete-remission rates.

Patients with favorable or intermediate cyto-
genetic risk profiles in the high-dose group fared
well, with high rates of complete remission and
receipt of appropriate consolidation therapy. At
the time of the final analysis, median survival had
not been reached among patients in the high-dose
group who had a favorable cytogenetic profile.
The largest survival difference between the two
treatment groups was seen in the subgroup of
patients who were at intermediate cytogenetic
risk. We conclude from these results that in pa-
tients with favorable- or intermediate-risk disease,
physicians can safely use anthracycline intensifi-
cation for induction and consolidation (by either
cytarabine intensification or stem-cell transplan-
tation) and can anticipate excellent outcomes.

A high dose of daunorubicin provided no ben-
efit in some of the patients in our study, includ-
ing those who were over the age of 50 years and
those with an unfavorable cytogenetic profile. The
presence of MDR1 gene overexpression, which is
more frequent in older patients with AML?® and
causes efflux of daunorubicin from the cell, may
have contributed to the poor responses. The
high-dose strategy did not significantly improve
overall survival among patients with either the
FLT3-ITD mutation or the MLL-PTD mutation.

The Food and Drug Administration has ap-
proved the 45-mg dose of daunorubicin for patients
with untreated AML, and this dose is widely used
in the United States. Some cooperative groups have
adopted higher doses of daunorubicin for induc-
tion therapy (mainly a 60-mg dose) in the ab-
sence of supporting data from a phase 3 trial.
Whether standard-dose cytarabine with 90 mg
of daunorubicin per square meter is better than
cytarabine with a 60-mg dose of daunorubicin (or
idarubicin or mitoxantrone at equivalent doses)
remains to be studied in future trials.

In conclusion, intensifying induction therapy
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Figure 3. Kaplan—-Meier Estimates of Overall Survival, According to Mutation Status.
Data are shown for the overall survival of patients with the FLT3-ITD mutation (Panel A), those without the FLT3-ITD mutation (Panel
B), those with the MLL-PTD mutation (Panel C), and those without the MLL-PTD mutation (Panel D). Also shown are survival curves for
patients who received high-dose daunorubicin (90 mg per square meter of body-surface area per day), according to the presence or ab-
sence of the FLT3-ITD genotype (Panel E). ITD denotes internal tandem duplication, and PTD partial tandem duplication.
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with a high daily dose of anthracycline plus in-
tensive consolidation therapy resulted in a high
complete-remission rate and prolonged overall
survival in patients with AML. In younger patients,
a dose of daunorubicin that exceeds the standard
45-mg dose for induction should be considered

the new standard of care.
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