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Remission induction therapy: the more intensive the better?

Abstract Intensive induction therapy in acute myeloid
leukemia (AML) as in some other systemic malignancies
is a strategy fundamentally different from post-remission
strategies. Approaches such as consolidation treatment,
prolonged maintenance, and autologous or allogeneic
transplantation in first remission are directed against the
minimal residual disease in which a malignant cell
population has survived induction treatment and shows
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resistance due to special genetic or kinetic features. In
contrast, induction therapy deals with naive tumor cells
possibly different from their counterparts in remission in
terms of their kinetic status and sensitivity. Therefore, in
AML the introduction of intensification strategies into
the induction phase of treatment has been suggested as a
new step in addition to intensification in the post-
remission phase. As expected from the dose effects
observed in post-remission treatment with high-dose
cytarabine (AraC) or longer treatment, similar dose ef-
fects have been found in induction treatment both from
the incorporation of high-dose AraC and from the
double-induction strategy used in patients up to 60 years
of age. As a particular effect, patients with poor-risk
AML according to an unfavorable karyotype, high
LDH in serum, or a delayed response show longer sur-
vival following double induction containing high-dose
AraC as compared to standard-dose AraC. A corre-
sponding dose effect in the induction treatment of
patients aged 60 years and older has been found with
daunorubicin 60 vs 30 mg/m? as part of the thioguanine/
AraC/daunorubicin (TAD) regimen with the higher
dosage significantly increasing the response rate and
survival in these older patients who represent a poor-risk
group as a whole. Thus we have been able to demon-
strate both in younger and older patients that a poor
prognosis can be improved by a more intensive induc-
tion therapy. High-dose AraC in induction, however,
exhibits cumulative toxicity in that repeated courses
containing high-dose AraC in the post-remission period
lead to long-lasting aplasias of about 6 weeks. Thus
after intensive induction treatment, high-dose chemo-
therapy in remission may be practicable using stem-cell
rescue and may contribute to a further improvement in
the outcome in poor-risk as well as average-risk patients
with AML. These approaches are currently under in-
vestigation by the German AML Cooperative Group
(AMLCG). “The more intensive the better” is certainly
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not the way to go in the management of AML and other
systemic malignancies but some increase in intensity
may be possible and better.

Keywords Acute myeloid leukemia -
Double induction - High-dose AraC

Introduction: dose effects in the treatment
of systemic cancer and AML

In order to find a definitive answer to the question in the
title, acute myeloid leukemia (AML) may serve as a
useful example of malignant diseases such as acute
leukemias, progressed Hodgkin’s and non-Hodgkin’s
lymphomas and even some disseminated solid tumors.
These systemic malignancies have in common (1) the
requirement for primary chemotherapy, (2) the possi-
bility of responding with a complete remission and (3)
the possibility of a permanent cure. “Is more better?” is
a general question applying to all these diseases and
equally to both the induction and the post-remission
treatment. Two major aspects are addressed by this
question: (1) whether there are dose response effects that
could be used for further improving the results and (2)
whether unacceptable toxicity prevents further intensi-
fication.

Actually, the example of AML gives clear evidence
for dose response effects of chemotherapy. Historically,
this was first demonstrated for the induction treatment
where the response to 7 days of cytarabine (AraC) and
3 days of daunorubicin (DNR) was shown to be supe-
rior to 5 and 2 days, respectively [13]. In the post-
remission phase a prolonged maintenance treatment has
been shown to produce higher cure rates than no
maintenance [2], and finally, in the immediate post-
remission treatment with different dosages of AraC there
is a significant dose-dependency in relapse-free survival
and survival with the best outcome resulting from the
highest dose of 3 g/m? x6 given in four courses [12].
Similarly, as another type of post-remission intensifica-
tion, high-dose chemo-/radiotherapy followed by
autologous transplantation has been shown to produce
a superior relapse-free survival as compared with no
further treatment [8].

Dose effects in AML induction treatment

Encouraged by the benefit derived from high-dose AraC
in post-remission therapy, similar doses of 3 g/m?* x8 [1]
or 2 g/m?* x12 [15] have been combined with DNR [1, 15]
and etoposide [1] in remission induction treatment and
compared with standard-dose AraC in these combina-
tions. While the remission rates were not improved by
the intensified induction with high-dose AraC, this ap-
proach had a long-term effect on relapse-free survival
with significantly increased cure rates [1, 15]. As another
method of intensifying induction treatment, the German

AML Cooperative Group (AMLCG) used the new
strategy of double induction in which all patients up to
60 years of age receive a second course starting on
day 21 of treatment regardless of the bone marrow re-
sponse to the first course. In a historical comparison
with conventional mostly one-course induction, double
induction has been shown to increase the relapse-free
survival at 5 years by about 10% [3].

In a randomized trial we compared double induction
containing two courses of standard-dose thioguanine/
AraC/DNR (TAD) with double induction containing
high-dose AraC (3 g/m? x6) and mitoxantrone as the
second course. The high-dose version resulted in a
higher remission rate (71% vs 65%, P=0.072, 5 test)
and no significant difference in 5-year relapse-free sur-
vival (35% vs 29%, log-rank test). However, in the
subgroup of patients with a poor prognosis as predicted
by an unfavorable karyotype, high LDH in serum, or a
delayed response there was a significantly higher remis-
sion rate (65% vs 49%, P=0.004, y* test) and 5-year
overall survival (25% vs 18%, P=0.012, log-rank test)
in the high-dose double-induction arm as compared with
the standard-dose arm [4, 6]. This result provided the
first evidence that a poor prognosis can be improved by
more intensive chemotherapy. The benefit in response
and survival was not paid for by a higher early and
hypoplastic death rate which was 14% in the high-dose
double-induction arm and 18% in the standard-dose
arm for all patients treated.

The rather favorable therapeutic index of the inten-
sified version of double induction allowed us next to
compare double induction containing one course of
high-dose AraC with that containing two high-dose
AraC courses. Figure 1 illustrates the steps of treatment
intensification in the trials of the AMLCG in patients up
to 60 years of age. The most important effects on the
remission duration were produced by the introduction of
maintenance therapy and then by the double induction
strategy.

Intensification in induction treatment has also been
investigated in patients of 60 years and older by the
AMLCG. These patients received response-adapted one
or two courses of TAD with standard-dose thioguanine
and AraC and DNR either 30 mg/m” x3, the common
standard dose, or 60 mg/m? x3, the highest dosage ever
used in a trial in older AML patients. The higher dose
produced a higher remission rate (54% vs 43%,
P=0.0038, 5> test) and a lower early and hypoplastic
death rate (17% vs 27%, P=0.062, * test). In the more
critical subgroup of patients 65 years and older an
improved response to 60 mg DNR was also seen, with
a superior overall survival (P=0.0026; Fig. 2) [7]. It has
been shown that AML in older patients is characterized
by more unfavorable karyotypes and more frequent
expression of the MDRI gene, functional drug efflux and
the CD34" phenotype [10, 11]. Since these features in
older AML patients represent poor-risk disease as a
whole, the benefits from the higher DNR dosage again
demonstrate an improvement of a poor prognosis with a



Fig. 1 Steps in intensifica-
tion of chemotherapy in
16-60-year-old patients with
AML in the sequence of
trials by the German AML
Cooperative Group (1978,
1981, 1986, and 1992). 751
Kaplan-Meier plots of re-
mission duration. Important
steps were the introduction
of any post-remission thera-
py including at least consol-
idation, of prolonged
maintenance chemotherapy,
and of the double-induction
strategy (ticks patients in
remission)
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more intensive treatment [6] as already shown (see
above) for high-dose AraC in younger patients [4].

Toxicity of intensive induction

As in younger patients, the results in older patients also
demonstrate that a more intensive induction treatment
does not necessarily increase the induction mortality and
may even reduce it. Concerns about age-related defective
hematopoiesis [9, 14] were not substantiated since older
and younger patients receiving the identical induction

Fig. 2 Overall survival in
patients 265 years old by
DNR dose in induction
therapy (ticks patients alive;
solid line DNR 60 mg/m? X3,
n=149; broken line DNR 75
30 mg/m? X3, n=63;
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treatment of two courses of TAD with DNR 60 mg/m?
had the same blood neutrophil and platelet recovery
times [7]. Importantly, however, in the younger patients
receiving double induction containing high-dose AraC,
while no immediate toxicity was observed, there was a
late and cumulative myelotoxicity. In a series of patients
who, after having received high-dose AraC/mitoxant-
rone in induction treatment, received a second similar
course in the post-remission period, there was a long-
lasting neutropenia and thrombocytopenia with a
median of 6 weeks, duration [5]. Thus, high-intensity
induction plus similar post-remission treatment seems to
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require autologous stem cell support which may enable
it to form part of the antileukemic armamentarium in
AML.

Directions in the intensification
of induction treatment

The data available so far indicate that intensification
strategies in induction treatment with either high-dose
AraC [1, 15] or double induction with or without high-
dose AraC [4] are practicable and effective approaches.
It seems that this kind of very early intensification can
minimize residual disease, thus improving the quality of
the complete remission and resulting in an increased
definite cure rate. Minimizing the residual disease by
intensified induction may also condition AML patients
for a subsequent allogeneic transplantation as a strategy
of cellular immunotherapy. The toxicity data from the
intensified induction strategies suggest that some further
intensification such as double induction with two
courses of high-dose AraC/mitoxantrone may be
possible and may further improve the results.

There is clearly a limit to the statement ‘“‘the more
intensive the better”. However, some improvement in
outcome may result from a greater utilization of dose
response effects in AML. As in other systemic cancers,
such as Hodgkin’s or non-Hodgkin’s lymphoma, mul-
tiple myeloma, testicular cancer and sarcomas, systemic
antineoplastic treatments are curative approaches and
the initial phase of treatment or remission induction
may potentially make a particular contribution to the
curative strategy.
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