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Purpose

Tregtment outcomes in younger patients with acute myeloid leukemia (AML) have improved, but
optimization and new combinations are needed. We assess three combinations in induction
and consolidation.

Patients and Methods

Younger untreated patients with AML (median age, 49 years; range, 0 to 73 years) were randomly
allocated to two induction courses of daunorubicin and cytarabine (DA) with or without etoposide
(ADE; n = 1983) or ADE versus fludarabine, cytarabine, granulocyte colony-stimulating factor, and
idarubicin (FLAG-lda; n = 1268), and to amsacrine, cytarabine, etoposide, and then mitoxantrone/
cytarabine (MACE-MidAC) or high-dose cytarabine (n = 1,445) 3 g/m? or 1.5 g/m? (n = 657) in
consolidation, and finally to a fifth course (cytarabine) or not (n = 227).

Results

Overall remission rates were similar for DA versus ADE (84% v 86%; P = .14) and ADE versus
FLAG-Ida (86% v 85%; P = .7), with more course 1 remissions after FLAG-lda (77%) reducing
relapse (38% v 55%; P < .001) and improving relapse-free survival (45% v 34%; P = .01), overall
and in subgroups, but with increased myelosuppression, reducing participation in the consolidation
randomization. Overall outcomes were similar between MACE/MidAc and high-dose cytarabine
(1.5/3.0 g/m?), but cytarabine required less supportive care. MACE/MidAc was superior for
high-risk patients. A fifth course provided no benefit. The outcome for recipients of only two
FLAG-Ida courses were not different from that with DA/ADE with consolidation.

Conclusion

FLAG-Ida is an effective remission induction treatment, with a high complete remission rate after
course 1 and reduced relapse. Consolidation with MACE/MidAc is similar overall to high-dose
cytarabine, but superior in high-risk patients. Cytarabine at 1.5 g/m? is equivalent to a 3 g/m? dose.
A fifth course is unnecessary. In patients receiving FLAG-Ida (two courses) and cytarabine (two
courses), 8-year survival was 63% for patients with intermediate-risk and 95% for those with
favorable-risk disease.

J Clin Oncol 31:3360-3368. © 2013 by American Society of Clinical Oncology

twice daily for 10 days and an identical second
course except with cytarabine given for 8 days, to

Although we, and others, frequently report that out-
comes for younger patients with acute myeloid leu-
kemia (AML) have improved in the last two
decades,' much of this could be explained by opti-
mization of supportive care. Several schedules
deliver broadly similar outcomes, albeit with differ-
ences in the details and duration of therapy and
supportive care requirements. Standard of care in
induction is the combination of an anthracycline
with cytarabine. We have adopted for induction
daunorubicin 50 mg/m? for 3 days and cytarabine
100 mg/m* administered via intravenous (IV) bolus

3360 © 2013 by American Society of Clinical Oncology

which a third drug may be added. All combinations
deliver remission rates in excess of 80%, so any su-
perior combination would require a better quality of
remission, reflected in a reduced relapse rate. The
aim in AML15 was to compare cytarabine, dauno-
rubicin, and etoposide (ADE) with daunorubicin
and cytarabine (DA) and fludarabine, cytarabine,
granulocyte colony-stimulating factor (G-CSF),
and idarubicin (FLAG-Ida), each of which could
be combined with the immunoconjugate, gemtu-
zumab ozogamicin (GO). FLAG-Ida is effective when
used in relapse,®” and a single unrandomized report in
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untreated patients showed an encouraging remission rate,” but there has

Optimization of Chemotherapy in Acute Myeloid Leukemia

been no randomized assessment in untreated patients.

Previous Medical Research Council (MRC) trials used amsa-
crine, cytarabine, and etoposide (MACE) followed by mitoxantrone

and cytarabine (MidAC) as consolidation. Here we compared it with

high-dose cytarabine (3 g/m?), which represents the international
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standard. There has been little exploration of cytarabine dose for
consolidation, so we compared the 3 g/m* dose with 1.5 g/m*. Finally,

Fig 1. CONSORT diagram. (*) Patients
allocated to daunorubicin and cytarabine
(Ara-C; DA) plus gemtuzumab ozogamicin
(GO) or fludarabine, cytarabine, granulo-
cyte colony-stimulating factor, and idaru-
bicin (FLAG-Ida) plus GO before the
opening of the daunorubicin, cytarabine,
and etoposide (ADE) plus GO arm in 2005
are excluded because the comparison
with ADE would be confounded by GO.
APL, acute promyelocytic leukemia; chemo,
chemotherapy; CR, complete remission;
MACE, amsacrine, cytarabine, and etoposide;
MIdAC, mitoxantrone and cytarabine; MRC,
Medical Research Council.
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Table 1. Treatment Schedules for AML15 and Protocol Amendments

1-8 every 12 hours
ADE10+3+5

m? IV daily on days 4-6

Cytarabine (1.5 g/m?)
5 (6 doses)

Cytarabine (3.0 g/m?)
5 (6 doses)

Treatment Details Changes/Comments
DA 3 + 10 Daunorubicin 50 mg/m? days 1, 3, 5; cytarabine 100 mg/m? days DA regimen in adults only; pediatric patients from
1-10 every 12 hours June 2004 (ADE v FLAG-Ida)
DA3 + 8 Daunorubicin 50 mg/m? days 1, 3, 5; cytarabine 100 mg/m? days

Daunorubicin 50 mg/m? days 1, 3, 5; cytarabine 100 mg/m? days
1-10 every 12 hours; etoposide 100 mg/m? days 1-5

ADE8 +3 +5 Daunorubicin 50 mg/m? days 1, 3, 5; cytarabine 100 mg/m? days
1-8 every 12 hours; etoposide 100 mg/m? days 1-5

Mylotarg Gemtuzumab ozogamicin 3 mg/m? day 1

MACE Amsacrine 100 mg/m? days 1-5; cytarabine 200 mg/m? continuous
days 1-5; etoposide 100 mg/m? days 1-5

MidAC Mitoxantrone 10 mg/m? daily by slow IV push on days 1-5 inclusive
(5 doses), cytarabine 1.0 g/m? 12-hourly by 2-hour IV infusion on
days 1-3 inclusive (6 doses)

FLAG-Ida Fludarabine 30 mg/m? IV days 2-6 inclusive, cytarabine 2 g/m? over

4 hours starting 4 hours after fludarabine on days 2-6, G-CSF
(lenograstim 263 g [1 vial]) SC daily days 1-7; idarubicin 8 mg/

Cytarabine 1.5 g/m? given IV over 4 hours 12 hourly on days 1, 3,

Cytarabine 3.0 g/m? given IV over 4 hours 12 hourly on days 1, 3,

Mylotarg + ADE opened June 2005; Mylotarg
randomization closed June 2006

FLAG-Ida randomization closed May 2007

C3,4: not in children (MACE-MIdAC v cytarabine 3
g/m?) 5 courses not recommended over age
45 years January 2005

Abbreviations: G-CSF, granulocyte colony-stimulating factor; IV, intravenous; SC, subcutaneous.

we have continuously tried to establish the optimum total number of
courses required, so we compared the value of adding, or not, a fifth
course (high-dose cytarabine).

The trial recruited from May 2002 to January 2009. The idarubicin dose was
initially 10 mg/m? but was reduced to 8 mg/m? after 20 patients as a result of
prolonged thrombocytopenia after course 2, which to some extent amelio-
rated the problem, which was unrelated to GO. A CONSORT diagram is
shown in Figure 1, and Table 1 and Figure 2 show treatment schedules and
protocol amendments. All randomizations were in a one-to-one ratio. Those
allocated to cytarabine were further randomly assigned one to one to 3 g/m*
versus 1.5 g/m?. The trial was open to any patient with de novo or secondary
AML (defined as secondary to previous chemotherapy/radiotherapy or a prior
hematologic disorder, including myelodysplastic syndrome [MDS]). Patients
in blast transformation of chronic myeloid leukemia, pregnant or lactating, or
who had other concurrent active malignancy or received prior cytotoxic ther-
apy for leukemia were excluded. Hydroxycarbamide was permitted for up to 7

days before treatment initiation. Written consent was required for each ran-
domization. Patients treated at pediatric centers entered a limited number of
randomizations (from June 2004, ADE v FLAG-Ida in induction and MACE-
MidAC v cytarabine 3 g/m* and four v five courses in consolidation). Patients
in the DA or FLAG-Ida arms could be randomly assigned to a single dose of
GO (3 mg/mz) in induction course 1. In June 2005 this was extended to the
ADE arm. The GO randomization was completed in June 2006, and the results
have been published.” The four versus five courses randomization was modi-
fied in January 2005, limiting it to patients younger than 45 years because data
from our previous AML12 trial indicated that a fifth course was detrimental in
older patients. Stem-cell transplantation was permitted for patients with
intermediate- or poor-risk disease with a recommendation that myeloablative
conditioning was used for patients younger than 35 years and reduced inten-
sity conditioning in patients more than 45 years with investigator/patient
choice in the intermediate age group. The trial was approved by the Wales
Multicentre Research Ethics Committee and each institution’s ethical com-
mittee in accordance with the Declaration of Helsinki.

Cytogenetics were carried out in accredited regional laboratories and
reports reviewed centrally; molecular analysis was carried out in two ref-
erence labs. Patients were designated as having favorable, intermediate, or

ADE 10+3+5 ADE 8+3+5
(" (+ Mylotarg)
All DA 3+10 DA 3+8
patients ’ n< + Mylotarg — >—>ﬂ<
\_ FLAG-Ida » FLAG-lda Y,
+ Mylotarg

MACE ; MidAC
(~ +Mylotarg
Ara-C
1.5g/m?
Ara-C Ara-C
1.5g/m?+  —p  1.5g/m? >—>
Mylotarg
No further
Ara-C 3g/m? » Ara-C3g/m? Y, treatment
+ Mylotarg

Fig 2. Trial schema for AML15. ADE, daunorubicin, cytarabine, etoposide; Ara-C, cytarabine; DA, daunorubicin and cytarabine; FLAG-Ida, fludarabine, cytarabine,
granulocyte colony-stimulating factor, and idarubicin; MACE, amsacrine, cytarabine, and etoposide; MidAC, mitoxantrone and cytarabine.
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adverse risk on the basis of cytogenetic criteria previously published.'® In
addition, patients with more than 15% residual blasts in a marrow sample
taken at least 18 to 21 days from the end of course 1 were defined as high
risk irrespective of cytogenetics.

Definitions of End Points

End point definitions follow the criteria of the International Working
Group,'" with remission failures classified as induction death (ID; related to
treatment/hypoplasia within 30 days) or resistant disease (RD; failure to elim-

inate disease). Where evaluation was not available, deaths within 30 days were
deemed ID and other failures RD. For consolidation questions, relapse-free
survival (RFS), relapse, and death in complete remission (CR) are measured
from that randomization. All percentages are quoted at 8 years.

Statistical Methods
Primary analyses are by intention to treat. Surviving patients were cen-
sored at first January 2012; follow-up is 96% complete. Patients lost to

Table 2. Demographics of Patients by Induction Comparison
FLAG-Ida
ADE (n = 989) DA (n = 994) ADE (n = 633) (n = 635)
Characteristic No. % No. % No. % No. %
Age, years
0-14 0 0 52 8 52 8
15-29 120 12 119 12 73 12 73 12
30-39 136 14 141 14 83 13 85 13
40-49 231 23 229 23 132 21 132 21
50-59 370 37 372 37 214 34 213 34
60+ 132 13 133 13 79 12 80 13
Median 50 50 48 48
Range 16-68 16-73 0-67 0-71
Sex
Female 459 46 463 47 294 46 300 47
Male 530 54 531 53 339 54 335 53
Diagnosis
De novo 905 92 906 91 584 92 586 92
Secondary 84 8 88 9 49 8 49 8
Performance status (adults)”
WHO 0 670 68 671 68 402 67 401 67
WHO 1 260 26 260 26 161 27 158 26
WHO 2 32 3 35 4 20 3 20 20
WHO 3 24 2 25 3 15 3 16 3
WHO 4 3 <05 3 <05 2 <05 3 1
Cytogenetic group
Favorable 113 13 125 15 79 15 91 17
Intermediate 613 72 599 70 393 72 361 69
Adverse 120 14 127 15 71 13 69 13
Unknown 143 153 90 114
WBC x 109/L
0-9.9 452 46 470 48 278 44 311 50
10-49.9 285 29 301 31 175 28 173 28
50-99.9 122 12 102 10 78 12 81 13
100+ 120 12 1 1 95 15 62 10
Unknown 10 10 7 8
Median 11.8 11.0 13.3 10.0
Range 0.2-467 0.2-456 0.3-477.9 0.2-497.0
FLT3 ITD status
Wild type 226 76 221 78 99 73 84 71
Mutant 72 24 63 22 37 27 34 29
Unknown 691 710 499 517
NPM1 status
Wild type 185 71 191 73 69 68 72 74
Mutant 74 29 69 27 32 32 25 26
Unknown 730 734 532 538
GO in induction
Allocated GO 76 8 76 8 78 12 80 13
No GO/not randomly assigned 913 92 918 92 BED 88 555 87
NOTE. Percentages are based on those patients with known data.
Abbreviations: ADE, cytarabine, daunorubicin, and etoposide; DA, daunorubicin and cytarabine; FLAG-Ida, fludarabine, cytarabine, granulocyte colony-stimulating
factor, and idarubicin; GO, gemtuzumab ozogamicin.
*Younger children were not included, as they complete the WHO Play Performance Score.
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follow-up are censored at the date last known to be alive. Median follow-up is
5.6 years (range, 0.2 to 9.5 years).

Categorical end points were compared using Mantel-Haenszel tests, giving
Peto odds ratios and Cls, continuous variables by Wilcoxon rank-sum tests, and
time-to-event outcomes by log-rank tests, with Kaplan-Meier curves. Odds ratios
(ORs) and hazard ratios (HRs) less than 1 indicate benefit for investigational
therapy. The protocol required at least 1,000 patients to be randomly assigned to
each induction question to give 90% power to detect a 10% survival difference at
P < .05 and 800 patients in consolidation to give 80% power to detect a 10%
difference in overall survival (OS). In addition to overall analyses, exploratory
subgroup analyses were performed by randomization stratification parameters
and other important variables, with suitable tests for interaction.

Patient Random Assignment

Induction. Between May 2002 and January 2009, 3,106 patients
with AML (excluding acute promyelocytic leukemia), median age 49
years (range, 0 to 73 years), were recruited, including 87 children who
received ADE after the closure of the FLAG-Ida arm in May 2007; 424
patients older than 60 years were recruited. Patient characteristics are
shown in Table 2. Twelve hundred sixty-eight patients entered the
ADE versus FLAG-Ida and 1,983 entered the ADE versus DA induc-
tion comparisons.

Consolidation. Of the remitters, 1,440 entered the randomiza-
tion between MRC consolidation and high-dose cytarabine, and of
722 allocated to cytarabine, 657 adults were further randomly assigned
to a dose level of 3 g/m* or 1.5 g/m* (demographics in Appendix Table
Al, online only). The 65 children randomly assigned to cytarabine
received 3 g/m’. Patients could also be randomly assigned to receive,
or not, GO on day 1 of the first consolidation course. Finally, of 1,709
patients who received both induction and both consolidation courses,
227 were randomly assigned to an additional (fifth) course or not: in
January 2005, after analysis of the four course versus five course
randomization in AMLI12, this randomization was restricted to pa-
tients younger than 45 years, thus excluding 550 older patients.

Induction Response

In the comparison of ADE and DA, the CR rate was nonsignifi-
cantly better with ADE (82% v 78%: HR, 1.24; 95% CI, 0.99 to 1.54;
P = .06; Table 3). Complete remission with incomplete peripheral

count recovery (CRi) rates were respectively 4% and 6%, giving an
overall complete marrow response of 86% versus 84%. The propor-
tion of patients achieving CR or CRi after course 1 was 70% for ADE
and 63% for DA, which comprised 81% and 75%, respectively, of
those who achieved remission (P = .002). There were no significant
differences in induction deaths or 30- or 60-day mortalities.

In the comparison of ADE and FLAG-Ida, there was no signifi-
cant difference in the rate of CR (81% v 84%), or CRi (4% v 2%) or
overall marrow response (85% v 86%). The proportion achieving
CR/CRi with one course was 67% for ADE (78% of those who
achieved remission) but was significantly better for FLAG-Ida at 77%
(90% of all patients achieving remission; P < .001). The rates of
induction death and 30- and 60-day mortality were not different.

Toxicity. Grade 3 or 4 GI toxicity was greater in ADE compared
with DA, but any differences in other toxicities, blood count recovery,
and supportive care, even if statistically different, were of modest
clinical significance (Appendix Table A2, online only). When compar-
ing FLAG-Ida with ADE, the most important differences were seen
after course 2, when recovery of neutrophils and platelets were signif-
icantly delayed for FLAG-Ida patients (32 v 19 days for neutrophils to
1.0 X 10°/L: P < .001, and 48 v 21 days for platelets to 100 X 10°/L: P
<C.001). This resulted in a significantly greater transfusion require-
ment (11.6 v 6.5 red cell units: P < .001, and 14.0 v 6.9 platelet units:
P =.001), mean days on antibiotics (19.1v10.9: P <.001), and days in
hospital (34.6 v 25.6 days: P < .001) after course 2. It should be noted
that the idarubicin dose used here in the FLAG-Ida combination was 8
mg/m?, rather than the conventional 10 or 12 mg/m> used when
combined with cytarabine alone.

Long-term outcomes. ADE was equivalent to DA with respect to
relapse risk, deaths in remission, RES, and OS (Data Supplement). FLAG-
Ida significantly reduced relapse (38% v 55%: P << .001; Fig 3), but there
was an excess of deaths in remission in the recipients of FLAG-Ida (17% v
11%; P = .02). RES was significantly better with FLAG-Ida (45% v 34%;
HR, 0.82;95% CI,0.70 to 0.96; P = .01), but there was no OS benefit (44%
v 37%; HR, 0.92; 95% CI, 0.79 to 1.06; P = .2).

Consolidation

Of the 2,860 patients who were alive at day 60, 1,445 were ran-
domly assigned between MRC consolidation and high-dose cytara-
bine, and the 657 adults allocated to high-dose cytarabine were

Table 3. Patient Outcomes: Induction (%)
ORR post
CR CRi ORR (CR + CRi) C1 Res Dis Ind Death 30-Day Mortality 60-Day Mortality

DA 78 6 84 63 10 6 6 8

ADE 82 4 86 70 8 5 5 7

OR/HR 1.24 1.20 1.35 1.25 1.09

95% ClI 0.99 to 1.54 0.94 to 1.564 1.12 t0 1.63 0.93t0 1.70 0.93t0 1.70

P .06 14 .002 14 7

FLAG-Ida 84 2 86 77 7 7 6 9

ADE 81 4 85 67 8 7 6 7

OR 0.84 0.94 0.60 0.82 1.09

95% ClI 0.63 to 1.13 0.69 to 1.29 0.47 to0 0.76 0.54 to 1.26 0.71 to 1.68

P 2 7 <.001 4 7

Abbreviations: ADE, cytarabine, daunorubicin, and etoposide; CR, complete remission; CRi, complete remission with incomplete count recovery; DA, daunorubicin
and cytarabine; FLAG-Ida, fludarabine, cytarabine, granulocyte colony-stimulating factor, and idarubicin; HR, hazard ratio; Ind, induction; OR, odds ratio; ORR, overall
response rate; Res Dis, residual disease.
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Fig 3. Outcomes for induction fludarabine, cytarabine, granulocyte colony-stimulating factor, and idarubicin (FLAG-Ida) versus daunorubicin, cytarabine, etoposide
(ADE) randomization. (A) Overall survival; (B) relapse-free survival; (C) cumulative incidence of relapse; (D) cumulative incidence of death in complete remission (CR).

Exp, expected; HR, hazard ratio; Obs, observed.

simultaneously randomly assigned to a 3 g/m? or 1.5 g/m? dose level.
This randomization took place at a median of 77 days from diagnosis
(range, 36 to 236 days), and the demographics of patients randomly
assigned in consolidation were balanced (Appendix Table A1). There
was no significant difference between the arms in cumulative inci-
dence of relapse, cumulative incidence of death in CR, RFS, or OS
(Data Supplement). When divided by cytogenetic risk group (Fig 4A),
the cumulative incidence of relapse, cumulative incidence of death in
CR, RFS, and OS did not differ in the favorable or intermediate-risk
group, but OS in the MRC consolidation was significantly better in
patients with adverse risk cytogenetics (39% v 0%; P = .0004: P = .003
for interaction). The MRC consolidation was associated with more
toxicity and myelosuppression, particularly after the second course,
during which the slower neutrophil (31 v 23 days: P < .001) and
platelet recoveries (50 v 31 days: P < .001) required significantly more
blood product and antibiotic support and resulted in more hospital-
ization (Appendix Table A4, online only).

Within the cytarabine dose comparison, there was a trend for
a higher relapse risk in the 1.5g/m* arm, but the OS was not

WWW.jco.org

different (Fig 4B; Data Supplement); numbers were generally too
small for reliable inference by cytogenetics. Although there were
modest differences in hematologic toxicity, significantly more sup-
portive care and hospitalization was deployed in the 3g/m?® arm
(Appendix Table A4).

Of the 1,779 patients who completed course 4, 227 were
randomly assigned to receive a fifth course of cytarabine or not.
The fifth course provided no advantage overall or for any subgroup
(Data Supplement).

Compliance with consolidation. Overall, 1,440 (50%) of the
2,860 patients alive at day 60 entered the consolidation randomiza-
tion. Of the patients not randomly assigned, 575 received an allogeneic
transplant in first CR, the results of which will be discussed elsewhere.
The results presented here do not change if the patients who under-
went transplantation are censored at transplant. Significantly fewer
patients who received FLAG-Ida in induction entered the randomiza-
tion compared with the other two induction combinations: FLAG-Ida
(43%) versus ADE (56%; P << .001), and DA (48%) versus ADE (53%;
P = .07), reflecting the delayed hematopoietic recovery seen with

© 2013 by American Society of Clinical Oncology 3365
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B

Effect 2P =0.6; NS

A Deaths/Patients Statistics OR & 95% ClI
Ara-C MACE/MidAC (O-E) Var. (Ara—-C MACE/MidAC)
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Comparison of Medical Research Council con-
solidation versus cytarabine; (B) comparison
of cytarabine dose. Ara-C, cytarabine; MACE,
amsacrine, cytarabine, and etoposide; MidAC,

Test for heterogeneity (3 groups): y?, = 5.5; P=.06

Overall test for trend: ¥2, = 0.0; P=.9; NS Ara-C 3g better

Effect 2P =0.6; NS

Deaths/Patients Statistics OR & 95% Cl . ; B

Ara-C 3g Ara-C 1.5g  (O-E) Var. (Ara-C 3g Ara—C 1.5g) mitoxantrone and cytarabine; NS, not signifi-

" cant; O-E, observed-expected; OR, odds ratio.

Cytogenetic group
Favorable 13/64 18/66 -3.0 7.7 e 0.68 (0.34 to 1.38)
Intermediate 104/195 89/197 10.3 48.1 1l 1.24 (0.93 to 1.64)
Adverse 13/13 14/14 -3.7 5.8 —_— 0.52 (0.23 to 1.19)
B Total 130/272 121/277 3.6 61.6 1.06 (0.83 to 1.36)
T — — 7
0.1 1.0 10.0

Ara-C 1.5g better

FLAG-Ida. There was no effect on compliance of GO given in induc-
tion on the subsequent consolidation treatment.

Fifty-four patients received only two induction courses of
FLAG-Ida and are known not to have received any consolidation
therapy primarily because of delayed hematopoietic recovery. How-
ever, in a landmark analysis of patients surviving 60 days from CR (to
allow for zero time-shift bias), the survival from CR was not signifi-
cantly different from that of patients who received all four courses of
ADE or DA induction and consolidation (57% v 54%; P = .5; Fig 5A).
The result was unaffected if the recipients of transplant were censored
at transplant. However, there were 101 patients given ADE or DA
induction who were known to not receive consolidation, but they had
a worse survival than those who in addition received both courses of
consolidation (35% v 54%, P < .001; Fig 5B). Among the 230 FLAG-
Ida patients who were fully compliant with induction and consolida-
tion (four courses), the survival was significantly superior to the that of
979 ADE/DA patients who were fully compliant (70% v 54%; P <
.001; Fig 5C). After adjustment for age, WBC, cytogenetics, and sec-
ondary disease, significant benefit remains (P = .002). We observed
that patients with favorable and intermediate-risk disease who re-
ceived FLAG-Ida as induction (two courses) and high-dose cytarabine
(two courses) as consolidation had an 8-year survival rate of 72%
(favorable 95%: intermediate 63%j Fig 5D). If the recipients of trans-
plant are censored at transplant, the respective survivals are 100% and
77%. This suggests that this is the optimal treatment plan that emerges
from this study. Numbers are too small to investigate the effect of GO,
although the overall results of the GO randomization suggest that for
these patients, GO is beneficial.”

Allogeneic transplantation from a matched sibling or unrelated
donor was recommended for patients with high-risk disease. The
outcome for these patients will be reported in detail elsewhere, but the

3366 © 2013 by American Society of Clinical Oncology

survival from transplant in first remission for recipients of reduced
intensity conditioning (n = 316) and myeloablative (n = 321) trans-
plants was 52% and 48%, respectively. The results of the primary
comparisons are robust to censoring at any transplant (Data Supple-
ment), although the benefit of cytarabine consolidation in favorable/
intermediate risk and the benefit of MRC consolidation in patients
with adverse-risk disease may be more pronounced in these analyses
(Data Supplement).

Although the molecular diversity of AML provides potential targets
for future therapeutic development, there is still interest in optimizing
chemotherapy via the introduction of new therapeutic agents or com-
binations. In younger patients in whom remission rates are already
high, an expectation to improve rates of remission may be
overly optimistic. The recent evidence that intensification of
daunorubicin®'*'* or the inclusion of an alternative nucleoside,
cladribine,'"” can improve remission rate and/or survival in the context
of the classic “3+7” induction illustrates that further refinements can
be made. In this AMLI5 trial, several questions were posed with
respect to the core chemotherapy. We have previously reported that
the addition of the immunoconjugate, GO, to induction in this trial
was beneficial only when given to patients with more favorable fea-
tures, irrespective of the chemotherapy it was combined with. This has
been corroborated by others'® and in our trial in older patients.'” The
comparison of the addition of etoposide is not new), but was chosen to
assess whether the addition of GO is beneficial as a fourth drug in
induction. Apart from improving the rate of remission, a more effec-
tive treatment might deliver more remissions with course 1 and/or a
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Fig 5. Survival from complete remission (CR) for patients by number of courses given and induction chemotherapy. (A) Two courses of fludarabine, cytarabine,
granulocyte colony-stimulating factor, and idarubicin (FLAG-Ida) versus daunorubicin and cytarabine (DA)/daunorubicin, cytarabine, and etoposide (ADE) plus
consolidation; (B) ADE/DA with and without consolidation; (C) FLAG-Ida versus DA/ADE, both with consolidation; (D) FLAG-Ida plus cytarabine consolidation by

cytogenetics. crs, courses.

better quality of remission, which is reflected in a reduced relapse rate
and improved OS. The Eastern Cooperative Oncology Group 1900
trial demonstrated that the 90-mg/m* daunorubicin dose produced
more remissions than a 45—mg/m2 dose, more with course 1 and an
improvement in survival overall, but not in all subgroups (eg, adverse
cytogenetics, age > 50 years, FLT3 ITD). The remission rate overall
was 64%, with 83% achieving remission after course 1.> Here, when
the daunorubicin dose was 50 mg/m?, all induction schedules pro-
duced a higher CR rate, which reflects our experience over the last 10
years, and the FLAG-Ida arm had an 84% remission rate with 92% of
remissions after course 1. In AMLI15, the inclusion of etoposide pro-
vided no benefit in rate or durability of response. FLAG-Ida has been
a popular regimen for the treatment of relapse, but this is the first
randomized comparison of its efficacy as a first-line approach. Al-
though the remission rate was not statistically superior to that of ADE,
there was an impressive rate of overall remission of 86%, with signifi-
cantly more (77%) entering CR with the first course (ie, 92% of all
patients achieving remission), the benefit of which is reflected in the
significant reduction in relapse risk and improved RFS. However,

Www.jco.org

there was greater hematologic toxicity, most obviously after course
2, which resulted in significantly fewer FLAG-Ida patients entering
the consolidation randomization. However, it is of interest that the
OS in the recipients of two courses of FLAG-Ida was the same as
that of the patients receiving DA or ADE plus consolidation, which
was not the case for patients who received only two courses of DA
or ADE induction, when there was benefit from the addition of
consolidation. For the 230 patients who received FLAG-Ida and
consolidation, their 8-year survival rate from CR, at 66%, was
significantly superior to that of the other inductions. This suggests
that two courses of FLAG-Ida may be able to deliver similar out-
comes to a total of four courses of so-called standard therapy, but
survival will be further improved if consolidation can also be given.
However, this issue requires prospective evaluation. The favorable
effect of FLAG-Ida on relapse was apparent over all ages and
demographic subgroups, including poor risk, patients older than
50 years, and those with FLT3 ITD, subgroups who did not benefit
in the 90-mg daunorubicin arm of the Eastern Cooperative Oncol-
ogy Group trial (Data Supplement).
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Our standard consolidation has been MACE/MidAc, which was
here compared with the international standard of high-dose cytara-
bine. It was equivalent to cytarabine for favorable and intermediate
risk but superior in patients with high-risk disease, although it resulted
in more hematologic toxicity requiring more supportive care,
particularly after the second course. There was no important differ-
ence between cytarabine given at the 3 or 1.5 g/m? dose level. In the
context of this treatment, a fifth course is not required. Approximately
20% of patients achieving remission received a transplant in first CR,
with either myeloablative or reduced intensity conditioning with a
matched sibling or volunteer donor. These data will be reported in full
elsewhere, but the findings reported here did not change when trans-
plant recipients were censored at the date of transplant.

In summary, this study demonstrates that FLAG-Ida, with the
idarubicin given on days 4, 5, and 6 even at the modest dose of 8
mg/m’, gives a superior remission rate and reduced risk of relapse and
compares favorably with recent studies of intensified daunorubicin.
Even a total of two courses seems similar to four courses of more
conventional therapy, but there is nevertheless an incentive to deliver
consolidation. For patients with favorable or intermediate-risk dis-
ease, high-dose cytarabine at either of the chosen doses is equivalent to
our traditional consolidation and requires less supportive therapy. For
poor-risk patients who did not undergo transplantation, MACE/
MidAc is a superior consolidation. In this trial, patients with favorable

and intermediate-risk disease who received two induction courses of
FLAG-Ida with GO in course 1, followed by two courses of high-dose
cytarabine, had an 8-year survival rate from remission of 72% (favor-
able 95%, intermediate 63%) or 84% (favorable 100%, intermediate
77%), if censored at SCT.
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Appendix
The following clinicians entered patients to the AMLI5 trial (*member of the AML Working Party): Aalborg Hospital: Dr Inge Helleberg
Rasmussen, Dr Mette Skov Holm; Aarhus University Hospital: Dr ] M Norgaard, Dr J Scholer Kristensen; Aberdeen Royal Infirmary:
Dr D] Culligan*, Dr J. Tighe, Dr Yen-Lin Chee; Addenbrooke’s Hospital: Dr C Crawley, Dr J Craig*, Dr Jyoti Nangalia, Dr M Gattens;
Airedale General Hospital: Dr A C Cuthbert; Arrowe Park Hospital: Dr D W Galvani, Dr Ranjit Dasgupta, Dr T ] Deeble; Auckland City
Hospital: Dr Leanne Berkahn, Dr P.J. Browett, Dr Richard Doocey, Dr Steve Palmer, Dr Tim Hawkins; Barnet General Hospital: Dr A
Virchis, Dr Sylvia Berney; Basingstoke and North Hampshire Hospital: Dr Alison Milne, Dr ] Mainwaring, Dr L Aston, Dr Sylwia
Simpson; Belfast City Hospital: Dr F Jones, Dr Mary Frances McMullin*, Dr R ] G Cuthbert, Dr RJ.G. Cuthbert; Birmingham
Children’s Hospital: Dr M D Williams, Dr Mark Velangi, Dr Myles Bradbury, Dr P ] Darbyshire, Dr S E Lawson, Professor F G Hill;
Birmingham Heartlands Hospital: Dr Chris Fegan, Prof D W Milligan*, Dr G E D Pratt, Dr Joanne Ewing, Dr Neil Smith, Dr R J Johnson,
Dr Richard Lovell; Blackpool Victoria Hospital: Dr M Macheta, Dr P A Cahalin, Dr P. R. Kelsey; Borders General Hospital: Dr Ashok
Okhandiar, Dr ] Tucker; Bradford Royal Infirmary: Dr A T Williams, Dr Anita Hill, Dr L A Parapia, Dr L ] Newton; Bristol Hematology
& Oncology Centre: Dr D Marks, Dr G R Standen, Dr ] M Bird, Dr Jacky A James, Dr R Evely, Dr S Robinson; Bristol Royal Hospital For
Children: Dr Michelle Cummins, Dr N Goulden; Cheltenham General Hospital: Dr A Rye, Dr E Blundell, Dr ] Ropner, Dr L G Robinson,
Dr R Lush, Dr S Chown, Dr S ] B Willoughby; Chesterfield & North Derbyshire Royal Hospital: Dr M Wodzinski, Dr R Stewart;
Christchurch Hospital: Dr M ] Sullivan, Dr M Smith, Dr Peter Ganly, Dr R Corbett, Dr R.L. Spearing, Dr S. Gibbons, Dr W N Patton;
Christie Hospital: Dr E Liakopoulou, Dr J Cavet, Dr ] Chang, Dr M Dennis*, Dr R Chopra; City Hospital Birmingham: Dr D Bareford;
City Hospitals Sunderland: Dr A.M. Hendrick, Dr Annette Neylon, Dr D K Goff, Dr Duncan Ian Gowans, Dr Lucy Pemberton, Dr M.J.
Galloway, Dr P J Carey, Dr Simon Lyons, Dr Yogesh Upadhye; Conquest Hospital: Dr ] Beard, Dr S Weston Smith; Countess Of Chester
Hospital: Dr E Lee, Dr J V Clough; Crosshouse Hospital: Dr J.G. Erskine, Dr M. Mccoll, Dr P.D. Micallef-Eynaud; Darent Valley
Hospital: Dr R Ezekwesili; Derbyshire Royal Infirmary: Dr A Mckernan, Dr Cherry Chang, Dr S Mayne; Derriford Hospital: Dr A
Prentice*, Dr Adrian Copplestone, Dr Mike Hamon, Dr Simon Rule, Dr Tim ] Nokes, Dr Wayne Thomas; Doncaster Royal Infirmary:
Dr B Paul, Dr J. Joseph, Dr S Kaul; Dorset County Hospital: Dr A.H. Moosa; Dumfries & Galloway Royal Infirmary: Dr A N Stark, Dr
F Toolis, Dr R Dang, Dr R Thomas; Dunedin Public Hospital: Dr Charles Tendayi Musuka; Ealing Hospital: Dr G Abrahamson, Dr N
Philpott; Eastbourne District General Hospital: Dr ] Beard, Dr P A Gover, Dr R] Grace, Dr S Weston Smith; Emma Children’s Hospital
AMC: Dr Jozsef Zsiros, Dr MD. Van De Wetering; Erasmus MC Sophia Children’s Hospital: Dr IM. Van Der Sluis, Dr M.M. Van Den
Heuvel-Eibrink; Falkirk Community Hospital: Dr A D ] Birch, Dr R F Neilson; Gartnavel General Hospital: Dr Andrew Clark, Dr E.J.
Fitzsimons, Dr M T ] Leach, Dr Mark Drummond, Dr Pam McKay, Dr Richard Soutar; Glasgow Royal Infirmary: Dr A N Parker*, Dr G
Mcquaker, Professor IM. Franklin; Gloucestershire Royal Hospital: Dr Rebecca Frewin, Dr S Chown; Good Hope Hospital: Dr M A
Lumley, Dr M S Hamilton, Dr S M Jobanputra; Great Ormond Street Hospital: Dr D Webb, Dr P J Ancliff; Guy’s Hospital: Dr Matthew
Smith, Dr R Carr, Dr S.A. Schey; Hammersmith Hospital: Dr E Olavarria; Hemel Hempstead General Hospital: Dr ] Harrison; Herlev
University Hospital: Dr Inge Hoegh Dufva, Dr Morten Krogh Jensen, Dr Olav ] Bergmann; Hillingdon Hospital: Dr R Kaczmarski;
Hinchingbrooke Hospital: Dr C Hoggarth, Dr K Rege; Huddersfield Royal Infirmary: Dr C Carter; Hull Royal Infirmary: Dr C Carter,
Dr S Ali; Ipswich Hospital: Dr ] A Ademokun; James Paget Hospital: Dr Shalal Sadullah; John Radcliffe Hospital: Dr A Peniket, Dr T.J.
Littlewood; Kent & Canterbury Hospital: Dr C F E Pocock, Dr F Zwaan, Dr K Saied, Dr V Ratnayake; Kent & Sussex Hospital: Dr C G
Taylor, Dr D Gillett; Kettering General Hospital: Dr I Wilson-Morkeh, Dr Mark Kwan; King George Hospital: Dr I Grant; Leeds
General Infirmary: Dr D R Norfolk, Prof D T Bowen*, Dr G M Smith, Dr P Hillmen, Professor G ] Morgan, Professor ] A Child; Leicester
Royal Infirmary: Dr A E Hunter*, Dr B Kennedy, Dr C S Chapman, Dr Mabrouk Madi; Leiden University Medical Center: Dr A.
Lankester, Dr J.K. Anninga; Lincoln County Hospital: Dr D.R. Prangnell, Dr K Saravanamuttu; Maidstone District General Hospital:
Dr D Gillett, Dr Saad Rassam, Dr Satyijit Sahu; Manchester Royal Infirmary: Dr G S Lucas, Dr ] Burthem, Professor ] A Liu Yin*; Mayday
University Hospital: Dr C.M. Pollard, Dr ] Maitland, Dr K Rice; Medway Maritime Hospital: Dr Ayed Eden, Dr Maadh Aldouri, Dr V
E Andrews; Milton Keynes General Hospital: Dr D M White, Dr D Moir, Dr E Miller; Monklands Hospital: Dr Alaeddin Raafat, Dr I
Singer, Dr J A Murphy, Dr Lindsay Mitchell, Dr P Paterson, Dr W H Watson; Mount Vernon Hospital: Dr K Ardeshna, Dr S D’Sa;
Musgrove Park Hospital: Dr S Bolam, Dr S.A.N. Johnson, Dr S.V. Davies; New Cross Hospital: Dr A Jacob, Dr A MacWhannell, Dr S
Basu, Dr Sunil Handa; Ninewells Hospital: Dr Fiona Scott, Dr Keith Gelly, Dr P G Cachia, Dr S Tauro, Professor M J Pippard; Norfolk
& Norwich University Hospital: Dr G E Turner, Dr ] Parker, Dr Kristian Bowles, Dr M Auger, Dr Matthew Lawes; North Middlesex
Hospital: Dr J. Luckit; North Staffordshire Hospital: Dr D. Chandra, Dr K.P. Schofield, Dr R C Chasty, Dr R.M. Ibbotson; Northampton
General Hospital : Dr A L Bowen, Dr M E Haines, Dr S S Swart; Northwick Park Hospital: Dr C D L Reid, Dr Lynny Yung, Dr N
Panoskaltsis, Dr S Allard; Nottingham University Hospitals NHS Trust - City Hospital Campus: Dr E Das-Gupta, Dr ] L Byrne,
Professor N H Russell*; Palmerston North Hospital: Dr Bart Baker, Dr Elaine Knottenbelt, Dr Paul Harper; Pembury Hospital: Dr D
Gillett; Peterborough District Hospital: Dr S.A. Fairham; Pilgrim Hospital: Dr S S Sobolewski, Dr V Tringham; Pinderfields General
Hospital: Dr D Wright, Dr M C Galvin, Dr P Hillmen, Dr Paul Moreton; Poole General Hospital: Dr A ] Bell, Dr F Jack; Princess Royal
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University Hospital: Dr A Lakhani, Dr B Vadher, Dr C De Lord; Queen Alexandra Hospital: Dr C M James, Dr H Dignum, Dr M
Ganczakowski, Dr R Corser, Dr T Cranfield; Queen Elizabeth Hospital (Kings Lynn): Dr A ] Keidan, Dr N Curtin, Dr P Coates, Ms
Annette Miles; Queen Elizabeth Hospital Birmingham: Dr J.A. Murray, Dr P. Mahendra, Professor Charles F Craddock*, Professor Paul
Moss; Queen Mary’s Hospital Sidcup: Dr M Mangi, Dr S ] Bowcock; Queens Medical Centre: Dr Kate Forman; Radboud University
Nijmegen Medical Centre: Dr P Brons, Dr S De Graaf, Professor P M Hoogerbrugge; Raigmore Hospital: Dr C Lush, Dr P Forsyth, Dr
William Murray; Rigshospitalet University Hospital: Dr Lars Kjeldsen*, Dr Ove Juul Nielsen; Rotherham District General Hospital:
Dr H F Barker, Dr P C Taylor; Royal Aberdeen Children’s Hospital: Dr Veronica Neefjes; Royal Berkshire Hospital: Dr G Morgenstern,
Dr H Grech, Dr Rebecca Sampson, Dr Stuart Mucklow; Royal Bournemouth General Hospital: Dr A ] Bell, Dr S Killick; Royal Cornwall
Hospital (Treliske): Dr A R Kruger, Dr Bryson Pottinger, Dr ] Blundell, Dr M D Creagh, Dr R Noble; Royal Devon & Exeter Hospital
(Wonford): Dr A Sternberg, Dr C Rudin, Dr Jackie Ruell, Dr M Pocock, Dr M V Joyner, Dr Malcolm Hamilton, Dr R Lee; Royal Free
Hospital: Dr A Fielding, Dr A Mehta, Dr Christopher McNamara, Dr M Ethell, Dr P Kottaridis*; Royal Hallamshire Hospital: Dr C
Dalley, Dr D A Winfield, Dr ] Snowden, Professor J.T. Reilly; Royal Hospital For Sick Children (Edinburgh): Dr A Thomas; Royal
Hospital For Sick Children (Glasgow): Dr Brenda Gibson*, Dr N Cole; Royal Liverpool Childrens Hospital (Alder Hey): Dr R Keenan;
Royal Manchester Children’s Hospital: Dr Andrew Will, Dr J Grainger, Dr Maged Gharib, Dr R Wynn; Royal Marsden Hospital
(Surrey): Dr D Lancaster, Dr M Ethell; Royal Surrey County Hospital: Dr G Robbins, Dr L Hendry; Royal Sussex County Hospital: Dr
Timothy Corbett; Royal United Hospital Bath: Dr CR ] Singer, Dr Chris Knechtli, Dr Sarah Wexler; Russells Hall Hospital: Dr C Taylor,
Dr D Bareford, Dr ] Neilson, Dr P Harrison, Dr S Fernandes, Dr S G N Richardson; Salford Royal Hospital: Dr ] B Houghton; Salisbury
District Hospital: Dr Effie Grand, Dr H F Parry, Dr ] O Cullis; Sandwell General Hospital: Dr F Wandroo, Dr John Gillson, Dr P ]
Stableforth, Dr R Murrin, Dr Sunil Handa, Dr Y Hasan; Scunthorpe General Hospital: Dr R Ezekwesili, Dr S Jalihal; Sheffield Childrens
Hospital: Dr A ] Vora, Dr ] Welch; Singleton Hospital: Dr A Benton, Dr A C Beddall, Dr S Al-Ismail; Southampton General Hospital: Dr
D Richardson, Dr ] Kohler, Dr K Orchard, Dr M Morgan; Southern General Hospital: Dr A E Morrison; St Bartholomew’s Hospital: Dr
J Cavenagh, Professor A Lister, Professor M Barnett; St George’s Hospital: Dr C E Dearden, Dr F Willis, Dr S E Ball; St Helier Hospital:
Dr ] Behrens, Dr ] Mercieca, Dr M Clarke; St James’s University Hospital: Dr B A Mcverry, Prof D T Bowen*, Dr E M Richards, Dr
Geoffrey Shenton, Dr P Hillmen, Dr Rod Johnson, Dr S Kinsey; St Mary’s Hospital, Paddington: Dr S H Abdalla; St Peter’s Hospital: Dr
ATLaurie, Dr A Miller; St Richard’s Hospital: Dr P Stross, Dr Philip C Bevan, Dr S Janes; Staffordshire General Hospital: Dr A Amos, Dr P
Revell; Starship Children’s Hospital: Dr L Teague, Dr N Cole, Dr R Cockcroft, Dr S Macfarlane, Dr W Nicholls; Stirling Royal Infirmary:
Dr R F Neilson; Stoke Mandeville Hospital: Dr A M O’Hea, Dr A Watson, Dr H Eagleton, Dr ] Pattinson; The Great Western
Hospital: Dr A G Gray, Dr E S Green, Dr N E Blesing; The James Cook University Hospital: Dr Angela Wood, Dr Christopher Millar, Dr
D. Plews, Dr J. Chandler, Dr R Dang; The Royal Bolton Hospital: Dr ] Jip, Dr Mark Gray; The Royal Liverpool University Hospital: Dr
A.R. Pettitt, Prof R.E. Clark*; The Royal Oldham Hospital: Dr S Bhattacharya, Dr S Elhanash, Dr V Sen; The Royal Victoria Infirmary:
Dr Anne Lennard, Dr Gail Jones, Dr Graham H Jackson, Dr R. Skinner, Dr S. Bailey, Dr Steve G O’Brien, Professor ] Vormoor, Professor
Steve Proctor; Torbay District General Hospital: Dr D Turner, Dr Nichola Rymes, Dr P Roberts, Dr Steve Smith; Trafford General
Hospital: Dr D Alderson, Dr P Carrington; University College Hospital: Dr A Khwaja, Dr A Nathwani, Dr K Ardeshna, Dr K G Patterson,
Dr K Yong, Dr S D’Sa, Dr Sarah Stoneham, Professor Anthony H Goldstone*, Professor D C Linch; University Hospital Aintree: Dr A
Olujohungbe, Dr B E Woodcock, Dr R Dasgupta, Dr W Sadik; University Hospital Coventry (Walsgrave): Dr B Harrison, Dr ] Mills, Dr
M Narayanan, Dr N Jackson, Dr O Chapman, Dr Shailesh Jobanputra; University Hospital Lewisham: Dr N Mir; University Hospital
Of North Tees: Dr P Mounter, Dr Z Maung; University Hospital Of Wales: Dr C Poynton, Dr C Rowntree, Dr Cathy Morley-Jacob, Dr
Chris Fegan, Dr Heidi Traunecker, Dr Jonathan Kell*, Dr S Knapper, Professor A K Burnett*; University Medical Center Utrecht: Dr M
Bierings; VU University Medical Centre: Dr V De Haas; Victoria Hospital: Dr S Rogers; Victoria Infirmary: Dr P. Tansey, Dr R. A. Sharp;
Waikato Hospital: Dr G Corbett, Dr H Pullon, Dr Hugh Goodman; Warwick Hospital: Dr Anton G Borg, Dr Peter E Rose; Wellington
Public Hospital: Dr Alwyn D’Souza, Dr David Ritchie, Dr Julia Phillips, Dr Kenneth Romeril, Dr Liz Hesketh, Professor John Carter;
West Middlesex University Hospital: Dr M Sekhar, Dr R G Hughes; West Suffolk Hospital: Dr C Beatty; Western General Hospital: Dr
P HRoddie, Dr P R E Johnson*; Western Infirmary: Dr E.J. Fitzsimons, Dr M T ] Leach, Dr N P Lucie, Dr Richard Soutar; Wexham Park
Hospital: Dr C Burfoot, Dr N. Bienz, Dr P. H. Mackie, Dr Simon Moule; Whiston Hospital: Dr G Satchi, Dr J A Tappin, Dr R Kawonga,
Dr Toby Nicholson; William Harvey Hospital (Ashford): Dr V Ratnayake; Wishaw General Hospital: Dr Annielle Hung, Dr CL
Thomas, Dr T L Allan; Worcestershire Royal Hospital: Dr A H Sawers, Dr N Pemberton, Dr R Stockley, Dr S Shafeek, Dr Thomas Skibbe;
Worthing Hospital: Dr A W W Roques, Dr A.M. O’Driscoll, Dr C L Rist; Wycombe General Hospital: Dr J Pattinson, Dr R Aitchison,
Dr S Kelly; York Hospital: Dr L Munro, Dr L R Bond, Dr M.R. Howard; Ysbyty Glan Clwyd: Dr C Hoyle, Dr David R Edwards, Dr M ]
Goodrick; Ysbyty Gwynedd : Dr David R Edwards, Dr James Seale, Dr M Gilleece.
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Table A1. Demographics of Patients in Consolidation Randomizations

Cytarabine Cytarabine 3 g
MACE/MidAC (any dose) (adults) Cytarabine 1.5 g 4 Courses 5 Courses
(n=718) (n = 722)t (n = 328) (adults) (n = 329) (n = 115) (n=112)
Total No. % No. % No. % No. % No. % No. %
Age, years
0-14 58 8 61 8 0 0 27 23 24 21
15-29 104 14 106 15 51 16 51 16 26 23 29 26
30-39 103 14 105 15 52 16 53 16 29 25 24 21
40-49 159 22 163 23 82 25 81 25 21 18 19 17
50-59 224 31 221 31 109 33 112 34 10 9 14 13
60+ 70 10 66 9 34 10 32 10 2 2 2 2
Median 45 45 47 48 31 31
Range 0-69 0-69 16-67 15-69 0-63 0-61
Sex
Female 346 48 346 48 169 52 168 51 51 44 57 51
Male 372 52 372 52 159 48 161 49 64 56 55 49
Diagnosis
De novo 685 95 690 96 313 95 312 95 113 98 111 99
Secondary 33 5 32 4 15 5 17 5 2 2 1 1
Performance status (adults)”
WHO 0 474 70 474 69 229 70 228 69 70 72 73 77
WHO 1 170 25 177 26 85 26 82 25 19 20 18 19
WHO 2 20 3 26 3 9 3 15 5 4 4 3 3
WHO 3 12 2 8 1 5 2 3 1 4 4 0
WHO 4 1 <05 2 <05 0 1 <0.5 0 1 1
Cytogenetic group
Favorable 153 24 153 25 66 24 64 23 30 31 25 26
Intermediate 452 72 431 70 199 71 196 72 65 66 66 68
Adverse 23 4 31 5 14 5 13 5 3 3 6 6
Unknown 90 107 49 56 17 15
WBCs X 10%/L
0-9.9 320 45 313 43 145 44 143 44 41 36 42 38
10-49.9 244 34 243 34 108 33 115 35 47 41 36 32
50-99.9 80 11 94 13 36 11 48 15 12 10 16 14
100+ 72 10 70 10 38 12 22 7 15 13 18 16
Unknown 2 2 1 1 0 0
Median 13.0 13.9 13.5 13.9 19.1 23.3
Range 0.3-497.0 0.2-467.0 0.5-298.0 0.4-467.0 0.2-402.0 0.9-497.0
FLT3 ITD status
Wild type 169 82 141 76 71 74 70 77 18 67 18 78
Mutant 37 18 45 24 24 26 21 23 9 33 5 22
Unknown 512 536 236 238 88 89
NPM1 status
Wild type 112 70 102 69 52 76 50 63 10 77 8 50
Mutant 49 30 45 31 16 24 29 37 3 23 8 50
Unknown 557 575 260 250 102 96
Induction chemo (+ GO)+
ADE 281 39 295 41 123 38 125 38 50 43 39 35
DA 273 38 271 38 135 41 136 41 38 33 37 33
FLAG-Ida 164 23 156 22 70 21 68 21 27 23 36 32
GO in induction
Allocated GO 137 19 130 18 63 19 65 20 25 22 24 21
No GO/not randomly 581 81 592 82 265 81 264 80 90 78 88 79
assigned
Consolidation
MACE/MidAC 45 39 39 35
HD cytarabine 68 59 72 64
NR 2 2 1 1
Cytarabine dose, gt
3 35 51 38 53
1.5 33 49 34 47
(continued on following page)
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Table A1. Demographics of Patients in Consolidation Randomizations (continued)

Cytarabine Cytarabine 3 g

MACE/MidAC (any dose) (adults) Cytarabine 1.5 g 4 Courses 5 Courses

(n=718) (n = 722)t (n = 328) (adults) (n = 329) (n=115) (n=112)
Total No. % No. % No. % No. % No. % No. %

GO in consolidation

Allocated GO 220 31 219 30 109 28] 110 28] 29 25 29 26
No GO 220 31 220 30 110 34 110 B8] 30 26 29 26
Not randomized 278 39 283 39 109 33 109 33 56 49 54 48

NOTE. Percentages are of those patients with data.

Abbreviations: ADE, cytarabine, daunorubicin, and etoposide; DA, daunorubicin and cytarabine; FLAG-Ida, fludarabine, cytarabine, granulocyte colony-stimulating
factor, and idarubicin; GO, gemtuzumab ozogamicin; HD, high dose; MACE, amsacrine, cytarabine, and etoposide; MidAC, mitoxantrone and cytarabine; NR, not
randomly assigned.

*Younger children are not included, as they complete the WHO Play Performance Score.

tIncludes 65 patients treated at pediatric centers who were given cytarabine 3 g/m? as per protocol.

FIncludes children who were registered and treated with ADE outside the randomization.

Table A2. Toxicity and Resource Usage for Induction Randomizations

DA ADE FLAG-Ida ADE
Toxicity No. % No. % P No. % No. % P
Course 1 toxicities, mean grade (% grade 3-4)
Nausea/vomiting 1.0 11 1.1 13 .1 1.4 21 1.2 16 .003
Alopecia 2.2 45 2.6 57 < .001 25 53 2.7 61 .03
Oral 0.9 6 1.1 10 <.001 0.8 6 1.1 11 <.001
Diarrhea 1.0 11 1.4 16 < .001 1.4 18 1.4 17 4
Cardiac 0.3 5 0.3 5 7 0.2 4 0.3 6 3
Liver AST 0.4 4 0.5 5 4 0.6 6 0.6 5 4
Liver ALT 0.8 8 0.8 8 .10 0.8 8 0.9 10 2
Bilirubin 0.7 7 0.7 8 7 0.8 8 0.7 8 .04
Median recovery time from end of course 10
Neutrophils (to 1.0 X 10%/L) 20 18 .001 20 18 18
Platelets (to 100 X 10%/L) 18 18 .09 19 18 .03
Course 1 resource usage
Mean units of blood 1.3 11.8 19 12.0 12.0 8
Mean units of platelets 12.9 13.1 7 14.4 14.1 .9
Mean days of IV antibiotics 19.0 19.5 .06 19.0 19.8 .06
Mean nights in hospital 32.1 32.1 .6 30.4 32.3 <.001
Course 2 toxicities, mean grade (% grade 3-4)
Nausea/vomiting 0.9 8 0.9 8 9 1.2 17 1.0 11 <.001
Alopecia 2.6 59 2.8 68 .0002 2.9 72 3.0 73 3
Oral 0.5 3 0.7 3 .0004 0.8 6 0.7 3 3
Diarrhea 0.6 5 0.9 9 < .001 1.0 13 0.9 9 2
Cardiac 0.2 3 0.1 2 3 0.2 5 0.1 3 .02
Liver AST 0.3 2 0.3 2 .08 0.5 3 0.4 3 .02
Liver ALT 0.6 5 0.7 6 4 0.8 8 0.7 7 .02
Bilirubin 0.4 3 0.4 5 1.0 0.7 6 0.4 3 <.001
Median recovery time from end of course 2
Neutrophils (to 1.0 X 10%/L) 20 19 9 32 19 <.001
Platelets (to 100 X 10%/L) 18 21 .002 48 21 <.001
Course 2 resource usage
Mean units of blood 6.2 6.6 .01 11.6 6.5 <.001
Mean units of platelets 6.3 6.6 .006 14.0 6.9 <.001
Mean days of IV antibiotics 9.5 10.6 .0003 19.1 10.9 <.001
Mean nights in hospital 24.0 254 .003 34.7 25.6 <.001

NOTE. Percentages are of patients with data for the course. All P values are by Wilcoxon rank-sum test.
Abbreviations: ADE, cytarabine, daunorubicin, and etoposide; DA, daunorubicin and cytarabine; FLAG-Ida, fludarabine, cytarabine, granulocyte colony-stimulating
factor, and idarubicin; IV, intravenous.
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Table A3. Causes of Death

DA ADE FLAG-Ida ADE MACE/MidAC Cytarabine
No. of patients with follow-up 994 985 634 631 718 719
No. of deaths 585 588 346 378 332 312
Infection 189 188 115 121 111 88
Hemorrhage 20 31 16 18 11 12
Infection + hemorrhage 10 7 10 5 8 4
Recurrent disease 168 168 106 120 127 136
Cardiac 9 7 7 7 7 2
Renal 2 7 5 2 0 1
Hepatic 0 1 4 0 1 2
Respiratory 6 11 8 9 4 8
Resistant disease 67 47 22 33 1 1
VOD 2 1 2 1 1 1
Second cancer 6 6 7 5 5 5
GVHD 7 9 6 7 7 3
Graft failure 1 2 0 2 1 0
Sudden death 1 0 1 0 0 1
Multiple 35 41 12 23 17 13
Other/unknown 62 62 25 25 33 35

Abbreviations: ADE, cytarabine, daunorubicin, and etoposide; DA, daunorubicin and cytarabine;

FLAG-Ida, fludarabine, cytarabine, granulocyte colony-stimulating factor, and

idarubicin; GVHD, graft-versus-host disease; MACE, amsacrine, cytarabine, and etoposide; MidAC, mitoxantrone and cytarabine; VOD, veno-occlusive disease.
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Table A4. Toxicity (course 3 and 4) and Resource Usage for Consolidation Randomizations

Cytarabine MACE/MidAC Cytarabine 1.5 g Cytarabine 3 g
Toxicity No. % No. % P No. % No. % P
Course 3 toxicities, mean grade (% grade 3-4)
Nausea/vomiting 0.9 12 1.3 17 < .001 0.8 9 0.9 11 .09
Alopecia 2.6 59 3.0 73 <.001 2.6 60 25 57 19
Oral 0.5 3 1.1 12 <.001 0.5 2 0.5 3 5
Diarrhea 0.6 5 1.2 17 < .001 0.5 3 0.6 4 .03
Cardiac 0.1 1 0.2 3 .005 0.1 2 0.1 1 4
Liver AST 0.4 2 0.5 6 .02 0.3 2 0.3 1 A4
Liver ALT 0.7 6 0.8 9 3 0.6 5 0.7 6 1
Bilirubin 0.4 2 0.6 5 .006 0.4 2 0.4 2 3
Median recovery time from end of course 3
Neutrophils (to 1.0 X 10%/L) 23 24 .0002 22 23 .8
Platelets (to 100 X 10%/L) 29 34 <.001 28 31 16
Course 3 resource usage
Mean units of blood 6.0 6.9 .001 5.6 6.9 < .001
Mean units of platelets 7.1 9.5 .0002 6.0 8.7 .0004
Mean days of IV antibiotics 10.7 14.3 < .001 9.8 11.6 .002
Mean nights in hospital 22.9 25.7 <.001 22.2 23.3 A3
Course 4 toxicities, mean grade (% grade 3-4)
Nausea/vomiting 0.8 7 1.0 10 .0002 0.6 4 0.8 7 .09
Alopecia 25 57 3.0 77 < .001 2.5 57 2.3 54 19
Oral 0.4 2 0.7 6 <.001 0.4 1 0.5 2 3
Diarrhea 0.5 3 0.7 6 .0004 0.4 2 0.5 2 .03
Cardiac 0.1 1 0.1 2 12 0.1 <05 0.1 2 .07
Liver AST 0.3 2 0.3 3 4 0.2 1 0.3 2 1.0
Liver ALT 0.7 7 0.6 4 .01 0.6 5 0.8 8 .02
Bilirubin 0.3 2 0.5 5 .0007 0.3 1 0.4 2 .05
Median recovery time from end of course 4
Neutrophils (to 1.0 X 10%/L) 23 31 <.001 23 23 3
Platelets (to 100 X 10%/L) 31 50 <.001 30 34 .08
Course 4 resource usage
Mean units of blood 5.5 7.8 < .001 5.3 6.2 .007
Mean units of platelets 5.5 10.6 < .001 4.8 6.7 .0003
Mean days of IV antibiotics 9.2 14.4 < .001 7.9 10.2 < .001
Mean nights in hospital 21.2 26.5 <.001 19.7 22.0 .006

NOTE. Percentages are of patients with data for course in question. P values are by Wilcoxon rank-sum test.

Abbreviations: IV, intravenous; MACE, amsacrine, cytarabine, and etoposide; MidAC, mitoxantrone and cytarabine.
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