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Optimal induction and post-remission therapy for acute
myeloid leukemia
AK Burnett

The approach to treatment of acute myeloid leukemia is substantially influenced by the age of the patient. Younger patients
who are arbitrarily defined as those being o60 years, although comprising the minority of all patients with the disease, will
always receive an intensive approach, whereas in older patients, an initial decision as to whether an intensive approach is
appropriate or not has to be made. Standard chemotherapy for many years has been ‘3þ 7’, followed by consolidation with
high-dose Ara-C at a daily dose level of 3 g/m2. It remains unclear as to what number of total treatment courses is optimal.
Alternatives to this standard of care will be considered.
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INDUCTION
Daunorubicin dose
The question of whether daunorubicin (DA) should remain as a
standard has been asked in randomized comparisons with
idarubicin or mitoxantrone in several randomized trials without
convincing evidence for substantial differences in survival being
seen. There has always been an issue regarding dose equivalence
of DA at doses of 45 mg/m2 and 50 mg/m2. Recent studies have
raised the issue of dose intensification of DA either by dose
escalation to a 90-mg dose or daily dosing for 5 days. The E1900
trial,1 which has been undertaken by the Eastern Cooperative
Oncology Group in 657 younger patients, compared a DA dose of
90 mg/m2 versus 45 mg/m2 in a 3þ 7 schedule for the first
induction course. For those not in remission with course 1, an
additional DA-containing course was recommended (with a
45 mg/m2 dose). The higher doses achieved a higher overall
remission rate (70% vs 56%, P¼o0.001) with more in complete
remission (CR) after course 1 (83% vs 72%), and a better overall
survival (23.7 months vs 15.7 months; P¼ 0.003). A similar
approach was taken by the HOVON-SAKK group2 in older patients.
In this study, the overall remission rate was similarly improved
(64% vs 54%; P¼ 0.002), but overall survival did not improve,
except in patients in the 60- to 65-year subgroup (38% vs 23%).

These data receive further support from a Korean trial3 in 383
younger patients, in which the daunorubicin was intensified by
giving DA (90 mg/m2 vs 45 mg/m2) by continuous infusion over 3
days which was also superior in the higher dose arm, CR 82% versus
72% (P¼ 0.014)and overall survival 47% versus 35% (P¼ 0.03).

There has been discussion for a long time about dose
equivalence between DA and alternatives such as idarubicin. A
study from the French ALFA group4 compared the effect of DA at
a dose of 80 mg/m2 on days 1 to 3 with idarubicin at a dose of
12 mg/m2 for either 3 or 4 consecutive days in patients aged
50--70 years. In 468 randomized patients, idarubicin treatment for
3 or 4 days produced more remissions than DA (83% vs 78% vs
70%; P¼ 0.04); however, this did not result in any difference in
survival. A recent Japanese trial5 in 1057 younger patients tested

intensification, not by dose escalation but by administration of
50 mg/m2 daily for 5 days compared with the traditional 3 days,
that is, at a total exposure of 250 mg versus 150 mg during course
1, as compared with idarubicin for 3 days. The remission rates
were similar (77.5% vs 78.2%) and survival was not different.

Whether these studies justify higher DA as the standard of care
is not clear. All studies confirm that, at least with the follow-up
available, cardiotoxicty is not a concern in adults. The benefits
seen appear to differ in the cytogenetic risk subgroups, being less
clear in the favorable and unfavorable subgroups. A 60 mg/m2

dose is frequently used, and there has never been a comparison of
doses of 90 mg versus 60 mg. Whether the overall survival is better
than can be achieved with other regimens, which have not
escalated, is doubtful. For example, in age-matched patients from
the MRC database, the 90 mg data was not superior overall or in
older patients in the 60- to 65-year subgroup.

Antibody-directed therapy
The immunoconjugate gemtuzumab ozogamicin (GO) (Mylotarg,
Pfizer Inc., NY, USA) combines a humanized anti-CD33 antibody
with the powerful DNA intercalator, calicheamicin. This provides
the opportunity to more precisely direct chemotherapy with the
aim of optimizing efficacy while limiting collateral toxicity. It
remains unlicenced in Europe and has been withdrawn from the
US market, but remains available in Japan. Its use as maintenance
therapy has not been beneficial in three randomized trials,
although the recruitment of participants into the trials was such
that they were individually underpowered. When tested in
addition to standard chemotherapy, at a dose of 6 mg/m2 on
day 4 of course 1, in 627 patients in the SWOG 106 trial,6 the
preliminary report showed no overall benefit on remission rate or
survival. The larger MRC AML15 trial7 (n¼ 1113), using 3 mg/m2 on
day 1 of course 1, also showed no overall effect on remission or
survival; however, when evaluated in the pre-specified cytoge-
netic risk group, there was a substantial benefit in the favorable
cytogenetic group, and a trend for benefit in those with
intermediate risk. Using an internally validated risk score, 70% of
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individuals from the intermediate risk group were shown to have a
10% survival benefit at 5 years. Two recently presented trials add
important new information to suggest that the addition of GO to
induction can improve survival. In a study conducted by the
French ALFA Group,8 a fractionated dose (3 mg/m2---or a
maximum of 5 mg---on days 1, 4 and 7) in combination with
Idarubicin/Ara-C induction in 278 patients aged 50 to 70 years was
used. The event-free (18.7% vs 39.6%; P¼ 0.0002) and overall
survival (43.5% vs 53.1%; P¼ 0.047) at 2 years was superior in the
GO arm. The UK NCRI AML16 Trial9 randomized 1115 older
patients, predominantly over 60 years of age, to receive GO 3 mg/
m2 on day 1 of the first course of induction chemotherapy, using
either DA/Ara-C or DA/clofarabine. The remission rate overall was
69% (60% CR; 9% CRp (complete marrow remission with
incomplete platelet recovery)) and was not improved in the GO
arm, but the relapse rate was significantly reduced (73% vs 78%;
P¼ 0.007), which resulted in improved overall survival (20% vs 15%;
P¼ 0.05). In both trials, the treatment was well tolerated, although
there was more hematological toxicity with the fractionated dose.

Alternative nucleoside analogs
Escalation of cytarabine dose has been unconvincing, but there
has been recent investigation into alternative nucleoside analogs
such as cladrabine and fludarabine. The Polish Adult Leukaemia
Group has compared cladrabine with cytarabine in two rando-
mized trials.10,11 In the first trial, the inclusion of cladrabine
significantly increased the proportion of patients who achieved CR
with one course, but an improved survival was not confirmed
possibly because the number of patients was insufficient. In a
recent study, the addition of cladrabine or fludarabine to
cytarabineþDA was compared with cytarabine/DA alone in a
three-arm study that recruited 652 patients under the age of 60
years. The inclusion of cladrabine improved the remission rate
compared with DA, but the addition of fludarabine did not. This
was also reflected in a survival benefit (44% vs 33%; P¼ 0.02) at 2
years for cladrabine, but not for fludarabine (35% vs 33%). In a
subgroup analysis, the addition of either nucleoside appeared to
be beneficial in patients with an adverse karyotype.

Post-induction treatment
The use of four courses of high-dose Ara-C at a daily dose of 3 g/m2,
followed by maintenance, was established two decades ago based
on a CALGB Trial.12 The maintenance component is now largely
abandoned, and it is uncertain whether 3 g is the optimum dose
and whether four courses are needed, and whether all risk
subgroups derived similar benefit. The UK MRC15 trial13

attempted to clarify some of these issues and found that there
was no advantage in more than a total of four courses including
induction, and that a dose of 1.5 g was equivalent to 3 g. Patients
with adverse cytogenetics were randomized to high-dose Ara-C or
a mitoxantrone/etopside/amsacrine approach, which was superior
to either dose of Ara-C.

Immunotherapy as a strategy has been a failure, but optimism
has been sustained by the efficacy of allogeneic transplant, which
remains the most effective approach to prevent relapse. Trials of
interleukin-2 have failed, partly owing to toxicity. The concept of
rendering a smaller dose of interleukin-2 effective by combining it
with histamine dichloride has been approved, as Ceplene (Epicept
Inc., NY, USA)---this has been reported to significantly improve
disease-free survival when applied as maintenance after con-
solidation, but overall survival was not the primary end point.14

This requires a corroborative trial.

Summary
Remission can reliably be obtained in 75--85% of younger patients
with any of several schedules. The potential benefit of more
effective induction is therefore likely to be seen as a reduced risk

of relapse. Three strategies of optimizing induction have been
discussed and could be further refined and confirmed in future
trials. Although discussion about conventional chemotherapy may
appear unexciting in the molecular age, there is still a need to
optimize the chemotherapy component of future treatments to
which will be added molecular or other targeted treatments.
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