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compared with unrelated bone marrow transplant in adult
patients with acute leukemia.
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Abstract A multicenter, prospective, randomized study
was conducted to compare a response-oriented individu-
alized remission induction therapy with a standard fixed-
schedule induction therapy, using idarubicin (IDR) and
cytarabine (Ara-C), in adult patients with acute myeloid
leukemia (AML). Newly diagnosed patients with AML of
age less than 65 were randomly assigned to receive either
of the two schedules. Both groups received IDR (12 mg/m?)
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for 3 days and Ara-C (100 mg/m?) for 7 days. In the
individualized group, if the bone marrow on day 8 did not
become hypocellular with less than 15% blasts, patients
received additional IDR for one more day and Ara-C for
2 or 3 more days. Patients achieving complete remission
(CR) received the same post-remission therapy. The CR
rate was 79.4% for the individualized group (r = 209) and
81.9% for the fixed group (n = 221) (p = 0.598). At a
median follow-up of 81 months, 7-year predicted overall
survival was 37% for the individualized group and 39% for
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the fixed group (p = 0.496), and 7-year predicted event-
free survival was 22% for the individualized group and
23% for the fixed group (p = 0.546). Thus, the present
study could not demonstrate any advantage of a response-
oriented individualized induction therapy over a fixed-
schedule induction therapy in this protocol setting.

Keywords Acute myeloid leukemia -
Response-oriented individualized induction
therapy - Idarubicin . Cytarabine

1 Infroduction

In Japan, a response-oriented individualized induction
therapy has been used for adult acute myeloid leukemia
(AML) since the reporting of the success of DCMP two-
step therapy using daunorubicin (DNR), cytarabine (Ara-
C), 6-mercaptopurine (6MP) and prednisolone (PSL), by
Uzuka et al. in the mid 1970s [1]. They reported a complete
remission (CR) rate of more than 80% in adult AML,
which is currently not surprisingly high but was remarkable
in the mid 1970s even for a single institutional study.
A subsequent multi-institutional study conducted at the
Koseisho Leukemia Study Group using this DCMP two-
step protocol could not replicate the high CR rate, but a
subset analysis revealed the first-step alone could induce
almost the same CR rate as the two-step therapy [2].
Accordingly, a response-oriented individualized induction
therapy, the BHAC-DMP therapy, using enocitabine
(BHAC), Ara-C, 6MP, and PSL, was developed, and Ohno
et al. [3] reported more than 80% CR in adult AML by a
single institutional study. .

The multi-institutional AML87 study conducted by the
Japan Adult Leukemia Study Group (JALSG) confirmed
the high CR rate of response-oriented individualized
BHAC-DMP therapy in adult AML, reporting an 80% CR
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rate [4]. Subsequent JALSG studies, AML89 [5] and
AML92 [6], also employed the response-oriented individ-
ualized induction therapy, and reported 81 and 77% CR
rates, respectively, in adult patients of age less than
65 years with non-M3 type AML. These CR rates were
around 10% higher than those reported from cooperative
study groups in the USA and Europe, where fixed-schedule
induction therapies are used [7]. Therefore, even though
the necessity for a randomized study was seriously dis-
cussed among JALSG mermbers, it was not possible to find
any fixed-schedule regimen worth comparing with the
present individualized therapy.

In the above 3 JALSG studies, DNR was used as one of
the key drugs. However, in the late 1980s, a new DNR
analogue, idarubicin (IDR), was introduced clinically, and
in the early 1990s, one single [8] and 2 multi-institutional
studies [9, 10] reported that IDR plus Ara-C regimens
could produce 70-80% CR rates in adult AML by fixed-
schedule therapy, which were significantly higher than the
58-59% CR rates of DNR plus Ara-C regimens.

Consequently, after IDR had been approved in Japan in
1995, a randomized study using IDR and Ara-C was con-
ducted, comparing a response-oriented individualized
induction therapy with a fixed-schedule therapy in previ-
ously untreated adult patients with AML.

2 Patients and methods
2.1 Patients

From August 1995 to December 1997, 437 newly diag-
nosed adult patients with AML, aged 15-64 years, were
consecutively registered from 79 institutions, which par- -
ticipated in JALSG. The enrolled number of patients per
hospital varied from 1 to 23 with median number of 4, and
about 60% of patients were registered from major hospitals
listed in the institutions of the authors.

AML was diagnosed by the French-American-British
(FAB) classification at each institution. Peripheral blood
and bone marrow smears from all registered patients were
sent to Nagasaki University and examined by May-Giemsa,
peroxidase, and esterase staining. Then, diagnosis was
reevaluated by the central review committee. FAB-M3 was
not registered in this study. Eligibility criteria included
adequate functioning of the liver (serum bilirubin
level < 2.0 mg/dL), kidney (serum creatinine < 2.0 mg/
dL), heart, and lungs, and an Eastern Cooperative Oncol-
ogy Group performance status between 0 and 3. Patients
were not eligible if they had prediagnosed myelodysplastic
syndrome (MDS), but were eligible if they had no definite
diagnosis of MDS, as confirmed by bone marrow histo-
logical analysis even when they had a previous history of
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hematological abnormality. Cytogenetic analyses were
performed at either laboratories in participating hospitals or
authorized commercial laboratories according to standard
methods of G-banding. Cytogenetic abnormalities were
grouped by standard criteria and classified according to the
MRC classification [I1]. The protocol was approved by
institutional review board of each hospital. Informed con-
sent was obtained from all patients before registration.

2.2 Treatment regimens

Patients were assigned randomly to receive either a
response-oriented individualized induction therapy or a
fixed-schedule induction therapy, using a centralized tele-
phone procedure. All patients received IDR (12 mg/m?/
day, intravenously) from days 1 to 3 and Ara-C (100 mg/
m?/day, by 24-h continuous infusion) from days 1 to 7.
Examination of bone marrow on the day 8 was evaluated at
each participating hospital and the decision was made by
the attending physician in charge of the hospital. In the
individualized group, bone marrow aspiration was per-
formed on day 8, and if the marrow was not severely
hypoplastic and had more than 15% blasts, additional IDR
was given on day 8 and Ara-C on days 8 to 10, or if the
marrow was severely hypoplastic and had more than 15%
blasts, additional IDR was given on day 8 and Ara-C on
days 8 and 9. If patients suffered from documented infec-
tion on day 8, cancellation of additional chemotherapy was
permitted according to the judgment of the attending
physician (Fig. 1). The main aim of the individualized
therapy was to give highly intensive but not too toxic doses
of anti-leukemia drugs, especially IDR, to make the bone
marrow severely hypoplastic, reduce the percentage of
blasts to less than 5% within 10 days and obtain CR by the
first course of induction therapy. In the fixed-schedule
group (fixed group), patients did not receive additional
doses regardless of their marrow status at day 8. If patients
did not achieve CR by the first course, the same induction

a Individualized therapy

Day 1 2 3 4 5 6 7 8 9 10
Ara-C 100mg/m' o e o e e s o (s)(e)(s)
DR 12mgim* e o o (*)

BMP a a

Additional IDR was given on day 8 and Ara-C on days 8 to 9 or 8 010, it the
marrow on day 8 was not severely hypoplastic and had more than 15% biasts,

b Fixed therapy
Day 1 2 3 4 5 6 7
Ara-C 100mg/m’ e o e o o ¢ o

IDR 12mgm* s e
BMP a A

Fig. 1 Treatment scheme of induction therapy

therapy was repeated at approximately 3- to 4-week
intervals. If patients did not achieve CR with two courses,
they were judged as failure cases.

All patients in both groups who had achieved CR
planned to receive the same 3 courses of consolidation
therapy. The first course consisted of mitoxantrone (MIT;
7 mg/m? by 30-min infusion on days 1-3) and Ara-C
(200 mg/m? by 24-h continuous infusion on days 1-5). The
second consisted of BHAC (200 mg/m? by 3-h infusion on
days 1-7), DNR (50 mg/m? intravenously on days 1-3),
6MP (70 mg/m? orally on days 1-7), and etoposide (ETP;
100 mg/m® by 1:h infusion on days 1-5). The third con-
sisted of BHAC (200 mg/m2 on days 1-7) and aclarubicin
(ACR; 14 mg/m? intravenously on days 1-7). Each con-
solidation course was given as soon as possible after WBC
and platelet counts had recovered to more than 3,000/puL
and 100,000/pL, respectively. Intrathecal methotrexate
(15 mg), Ara-C (40 mg), and PSL (10 mg) were given
after the second consolidation therapy for the prophylaxis
of central nervous system leukemia.

After the completion of consolidation therapy, all
patients planned to receive 6 courses of maintenance/
intensification therapy every 2 months. The first course
consisted of BHAC (170 mg/m® on days 1-5), DNR
(40 mg/m? on days 1 and 4), and 6MP (70 mg/m” on days
1-7). The second consisted of BHAC (170 mg/m” on days
1-5) and MIT (5 mg/m? on days 1 and 2). The third con-
sisted of BHAC (170 mg/m? on days 1-5), ETP (80 mg/m>
on days 1, 3, and 5), and vindesine (2 mg/m? intravenously
on days 1 and 8). The fourth consisted of BHAC (170 mg/
m? on days 1-5), ACR (14 mg/m2 on days 1-4) and 6MP
(70 mg/m? on days 1-7), the fifth was the same as the first,
and the sixth was the same as the third. Each course was
given at 2-month intervals.

Best supportive care, including administration of anti-
biotics and platelet transfusion from blood cell separators,
was given if indicated. When patients had life-threatening
infections during neutropenia, the use of granulocyte col-
ony-stimulating factor was permitted.

2.3 Response criteria and statistical analysis

CR was defined as the presence of all of the following: less
than 5% of blasts in bone marrow, no leukemic blasts in
peripheral blood, recovery of peripheral neutrophil counts
over 1,000/pL and platelet counts over 100,000/uL, and no
evidence of extramedullary leukemia. CR had to continue
for at least 4 weeks, but the date of CR was defined as the
first day when these criteria were fulfilled. Relapse was
defined as the presence of at least one of the following:
recurrence of more than 10% leukemic cells in bone mar-
row, any leukemic cells in peripheral blood, and appear-
ance of extramedullary leukemia.

@ Springer
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Overall survival (OS) was calculated from the first day
of induction therapy to death by any cause and censored at
the last follow-up. Event-free survival (EFS) was computed
from the first day of induction therapy to relapse or death
by any cause and censored at the last follow-up, and the
survival time of patients who did not achieve CR was
defined as O days. Relapse-free survival (RFS) for patients
who achieved CR was measured from the date of CR to
relapse or death by any cause and censored at the last
follow-up. Patients who underwent allogeneic bone mar-
row transplantation (BMT) were censored at the date of
BMT or not censored according to the object of the anal-
ysis. Kaplan—-Meier product-limit estimates were used to
determine OS, EFS, and RES. To test factors to predict CR,
x* test and Wilcoxon rank-sum test were used for univar-
iate analysis and the multiple logistic regression model for
multivariate analysis. For comparison of OS, EFS, and
RES, the log-rank test was used for univariate analysis and
Cox’s proportional hazard model for multivariate analysis.
IMP software (SAS Institute Inc., Cary, NC, USA) was
used for the analysis; p values less than 0.05 (two-sided)
were considered statistically significant. Analysis was done
on an intent-to-treat basis.

3 Results
3.1 Patient population and characteristics

Of 437 patients registered, 7 patients were judged as
ineligible by the central review committee because of other
diseases: one refractory anemia with excess of blast, 5
mixed-lineage leukemia, and one acute lymphoblastic
leukemia (ALL), with 430 patients considered evaluable.
Two hundred nine patients received the individualized
therapy and 221 the fixed-schedule therapy. Pretreatment
characteristics are presented in Table I. There were no
major imbalances between the two randomized groups.
Overall, the median age was 44 years, and 154 patients
(36%) were of age 50 years or older. Cytogenetic analysis
was reported in 414 patients (96%), and the cytogenetic
prognostic groups were equally distributed in both arms.

3.2 Overall treatment results

Of 430 evaluable patients, 347 (80.7%) achieved CR. Of 209
patients in the individualized group, 166 (79.4%) achieved
CR, and of 221 in the fixed group, 181 (81.9%) obtained CR
(p = 0.516) (Table 2). CR rates related to FAB classifica-
tion, age, and cytogenetics are shown in Table 2, and there
were no statistically significant differences between the two
groups. In the individualized group, of 41 patients with
favorable chromosomes, 39 (95%) achieved CR, of 133 with

@ Springer

Table 1 Pretreatment characteristics

Individualized Fixed
group group
(n = 209) (n =221)

Median age (range) 44 years (15-64) 44 years (15-64)

PSO 34.9% 38.5%
PS1 42.6% 45.2%
PS2 14.4% 9.5%
PS 3 8.1% 6.8%
Leukocyte counts > 50,000/ul. 17.7%* 29.9%*
Peroxidase positivity > 50%  62.8% 64.2%
Presence of Auer body (%) 37.5% 46.1%
Presence of trilineage dysplasia 25.4% 21.2%
LDH > 500 IU/L 65.9% 69.1%
Cytogenetics
Favorable 15.6% 222%
Intermediate 63.6% 59.7%
Adverse 13.4% 14.0%
Unknown 3.3% 4.1%
*p <005

Table 2 CR rates related to FAB classification, age, and cytogenetics

All cases Individualized group Fixed group
No. CR (%) No. CR (%) No. CR (%)
FAB
MO 16 62.5 8 62.5 8 625
M1 80 85.0 41 85.4 39 84.6
M2 192 823 95 71.9 97 86.6
M4 108 78.7 55 80.0 53 7714
MSs 20 90.0 5 100.0 15 86.7
M6 8 500 2 50.0 6 50.0
M7 6 66.7 3 66.7 3 667
Age
15-19 40 90.0 19 100.0 21 81.0
20-29 65 785 29 75.9 36 80.6
30-39 71 817 41 75.6 30 900
4049 100 83.0 45 77.8 55 873
50-59 105 771 53 79.2 52 750
60-64 49 71.6 22 713 27 71.8
Cytogenetics
Favorable 90 933 41 95.1 49 91.8
Intermediate 265 80.8 133 78.9 132 826
Adverse 59 627 28 60.7 31 645
Unknown 16 75.0 7 714 9 778
Total 430 80.7 209 79.4 221 819

intermediate chromosomes, 109 (79%) achieved CR, and of
28 with adverse chromosomes, 17 (61%) achieved CR. In the
fixed group, of 49 patients with favorable chromosomes,
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45 (92%) achieved CR, of 132 with intermediate chromo-
somes, 109 (83%) achieved CR, and of 31 with adverse
chromosomes, 20 (65%) achieved CR.

In the individualized group, 149 patients (71%)
achieved CR after the first course, and 79 (38%) patients
who had received additional chemotherapy during the first
course, 56 (71%) achieved CR. In the fixed group, 159
(72%) achieved CR after the first course (Table 3; Fig. 2).
CR rates between patients who had equal to or more than
15% of blasts in bone marrow on day 8 and those had less
than 15% were not significantly different in the individu-
alized group (75 and 63%, respectively; p = 0.09), but
were significantly different in the fixed group (81 and 56%,
respectively; p < 0.001).

Myelosuppression judged by the nadir of leukocyte
counts and the period of leukocyte count less than 1,000/pL
after the first course of induction therapy was significantly
more severe in the individualized group, as shown in
Table 4. Early death within 30 days occurred in 10 (4.8%)

Table 3 Effect of individualized induction therapy

Patients (%) CR after first course

n %

Individualized group 209 149 71
Additional chemotherapy — 130 (62) 93 72
Additional chemotherapy + 79 (38) 56 71
Fixed group 221 159 72

in the individualized group and 4 (1.8%) in the fixed group
(p.= 0.105). There were no statistically significant differ-
ences in the distribution or frequency of complications
between the two groups.

Significant favorable prognostic features for the
achievement of CR were cytogenetic risk group (favorable
or intermediate), blast peroxidase positivity of 50% or
more, and pretreatment LDH value of less than 500 IU/L.
These features were independent by the logistic regression
analysis and not different between the two groups.

All courses of consolidation therapy were administered
to 72% of patients in the individualized group and 80% in
the fixed group (p = 0.087), and all courses of maintenance
therapy were administered to 36 and 41% (p = 0.365),
respectively. The most common reason for these cancella-
tions was relapse in both groups (34 and 42 patients,
respectively). The second common reason was BMT in the
first remission (22 and 12 patients, respectively).

At a median follow-up of 81 months, 23 patients
underwent BMT in the first remission, 29 after relapse and
4 without remission in the individualized group, and 15, 32
and 7 patients, respectively, in the fixed group. If patients
who underwent BMT were censored at the date of trans-
plantation to decrease the influence of BMT, 7-year pre-
dicted OS was 37% for the individualized group and 39%
for the fixed group (p = 0.496) (Fig. 3a), and 7-year
predicted EFS was 22 and 23%, respectively (p = 0.546)
(Fig. 3b). If patients who underwent BMT were not cen-
sored, 7-year predicted OS was 35 and 35%, respectively

Patlents underwent randomization
n =430

Individualized Group
n=208

!
l

Fixed Group
n =221

CA after 1% Induction therapyHNon CR after 19 Induction therapy

CR after 1% induction Non CR after 1# Indugction therapy

n=149 n==60 therapyn= 159 n=62
2+ Induction therapy Induction fatlure 2 Induction therapy Induction fallure
n=41 n=19 n=47 n=15
CR Non CR CR Non CR
n=17 n=24 n=22 n=18
ﬁ | I ‘l_]_l L |
BMT In 1% CR | | BMT after relapse| | BMT without remission| | BMT In 1% CR | | BMT after relapse| | BMT without remission
n=23 n=29 n=4 n=18§ n=32 n=7

Fig. 2 Flow diagram: study design and outcome
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Table 4 Comparison of

treatment outcome

Data with = denotes

mean + standard deviation
* After the initial course of

induction therapy

Individualized group Fixed group 4
(n = 209) (n=221)
CR rate (%) 794 81.9 0.516
After the first course 713 71.9
After the second course 8.1 10.0
Marrow blasts at day 8 129 + 17.8% 11.1 + 18.4% 0.021
Nadir of WBC* 328 & 205/pL 394 £ 215/pL 0.0002
Period of WBC < 1,000/uL? 19.6 + 9.8 days 17.8 + 8.5 days 0.024
Days to CR* 389 + 17.5 385 + 16.2 0.802
Days till the consolidation therapy 49 + 22 46 + 18 0.157
Early death rate
Within 30 days 4.8% 1.8% 0.105
Between 30 and 60 days 0.9% 1.4%
Overall survival at 7 years 37% 39% 0.496
Event-free survival at 7 years 22% 23% 0.546

a8 100
T 801
§ 80
b3
3
@
@ 40 1
e Individualized group (n = 209)
o 2
p = 0.496
0- T ¥ T T T T T ¥
0 1 2 3 4 5 5] 7 8
Years
b 100/
g 80 1
©
2
2 60
3
@
8 40
£
L%’ 20
Individualized group (n = 209)
0 p = 0.546
o 1 2 3 4 5 6 7 8
Years

Fig. 3 Overall survival (a) and event-free .survival (b). Predicted
T-year OS was 37% for the individualized group (n == 209) (solid line)
and 39% for the fixed group (n = 221) (dotted line) (p = 0.496), and
EFS was 22% for the individualized group (solid line) and 23% for
the fixed group (dotted line) (p = 0.546)

(p = 0.840), and 7-year predicted EFS was 23 and 24%,
respectively (p = 0.717). Significant adverse prognostic
features for OS were absence of Auer body, cytogenetic
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risk group (adverse), and age more than 30 years, and those
for EFS were blast peroxidase positivity less than 50%,
cytogenetic risk group (adverse), pretreatment LDH value
equal or more than 500 IU/L, and FAB classification (MO,
M6, or M7). When patients who underwent BMT were
censored, RFS of CR patients was 27% for the individu-
alized group and 29% for the fixed group (p = 0.712).
Significant adverse prognostic features for RFS of CR
patients were cytogenetic risk group (adverse) and FAB
classification (MO, M6, or M7). There were no significant
differences in these prognostic features between the two
groups. However, among patients of age 50 years or older,
the individualized group had significantly lower RFS
(17%) than the fixed group (34%, p = 0.026), but there
was no such difference of RFS (34 and 25%, respectively,
p = 0.194) among patients of age less than 50 years.

4 Discussion

Most drug therapies are generally carried out in a response-
oriented and individualized manner. Physicians adjust the
dosage and treatment period depending on the response of
patient’s disease to the administered drugs. The reason why
cancer chemotherapy is generally carried out by fixed
dosage and period is because myelosuppression, the most
important toxic effect of cytotoxic drugs, appears 7-10
days after the discontinuation of drugs. Myelosuppression
is usually judged by leukocyte or platelet counts in the
peripheral blood. However, if it is judged by bone marrow
itself it is possible to obtain information on myelosup-
pression directly and earlier. Although the present indi-
vidualized therapy requires frequent bone marrow
aspirations and a prompt decision by attending physicians,
well-trained hematology oncologists have little difficulty in



