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treated control (data not shown). This might be due to neuronal
toxicity of the drug, because VPA-treated mice showed a
decrease in food intake and mobility. In addition, intravenously
injected BJA-B cells seemed to grow too rapidly to be treated
with rituximab alone. We therefore performed the in vivo
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Figure 3 HDAC inhibitors augment the cytotoxic activity of
rituximab in vitro. BJA-B (a) and HBL-2 (b) cells were pretreated with
the vehicle (=) or VPA (+) for 48 h, washed, and further incubated for
24h in the p of human I (1:4 dilution) and
rituximab at the indicated conc Cell viability was deter-
mined by modified MTT assays and shown as % untreated control.
Each point represents the means ts.d. (bars) of three independent
experiments. P-values were calculated by paired Student’s ttest
(*P<0.01).

HDAC inhibitors enhance the cytotoxic effect of
rituximab in vitro and in vivo

Finally, we examined whether the increased expression of CD20
was linked to the augmentation of the cytotoxic activity of
rituximab. To this end, we first carried out in vitro complement-
dependent cytotoxicity assays and found that HDAC inhibitors
significantly enhanced the effect of rituximab at suboptimal
concentrations (representative results of VPA-pretreated BJA-B
cells are depicted in Figure 3a). The enhancement was not
observed in HBL-2 and TK cells, in which HDAC inhibitors did
not further increase CD20 expression (representative results of
VPA-pretreated HBL-2 cells are depicted in Figure 3b). Next, we
sought to determine whether this effect could be reproduced
in vivo using mouse lymphoma models. First, we established
lymphoma models by injecting BJA-B cells into non-obese
diabetic/severe combined immunodeficiency mice intrave-
nously. The mice were pretreated with either VPA or vehicle,
followed by the administration of either rituximab or control
1gG. Injected cells showed the enhancement of CD20 expres-
sion (Figure 4a) along with histone hyperacetylation (Figure 4b)
in vivo after treatment with HDAC inhibitors. As expected, the
increase in CD20 expression led to the enhancement of anti-
lymphoma effects of rituximab; the numbers of CD45-positive
cells were significantly lower in the bone marrow of mice
pretreated with VPA (Figure 4c). However, VPA failed to
prolong the survival of recipient mice compared with vehicle-

experiment with the combination of another HDAC inhibitor
romidepsin and subcutaneous inoculation of lymphoma cells.
As shown in Figure 4d, the size of the subcutaneous tumor
constantly increased in vehicle/lgG-treated control mice, and
importantly, neither HDAC inhibitor alone nor rituximab alone
inhibited tumor growth, consistent with the general consensus
that Burkitt lymphoma is untreatable by these drugs as
monotherapy.>*” In contrast, tumor growth was significantly
retarded when two agents were combined (Figure 4d and
Supplementary Figure $6). These results strongly suggest that
HDAC inhibitors can potentiate the effects of rituximab in vivo
by enhancing the expression of CD20.

Discussion

It is now widely accepted that rituximab is essential for the
treatment of diffuse large B-cell lymphoma, follicular lymphoma
and mantle cell lymphoma.>* There are two emerging issues to
be resolved for better usage of this drug: weak effects on some
tumors®® and drug resistance.>®™'" In this study, we clearly
demonstrated that HDAC inhibitors, VPA and romidepsin,
potentiated the cytotoxic effect of rituximab against Burkitt
lymphoma, which has innate resistance to rituximab,” by
enhancing the expression of surface CD20 antigen both in vitro
and in vivo. We also analyzed the mechanisms of CD20
upregulation and found that HDAC inhibitors acetylated core
histones of CD20 promoter to enhance the binding of Sp1,
leading to transactivation of the CD20 gene in BJA-B and
Namalwa cells. These results suggest that the innate resistance
of these cells to rituximab is attributable to epigenetic silencing
of CD20, which could be overcome by HDAC inhibitors. It is
possible that the same mechanism also underlies acquired
resistance in lymphomas heavily treated with rituximab. Indeed,
Tomita et al.*® have reported that an HDAC inhibitor,
trichostatin A, could restore CD20 expression in a lymphoma
cell line established from a patient with follicular lymphoma at
the time of CD20-negative transformation after repeated treatment
with rituximab. Taken together, HDAC inhibitors are promising
agents to overcome both innate and acquired resistance to
rituximab in patients with various B-cell malignancies.

HDAC inhibitors appear to upregulate the expression of CD20
specifically, because other B-cell markers such as CD10, CD21,
CD43 and CD44 were unaffected. The mechanism underlying
this specificity is not fully understood, but previous studies with
regard to lineage-restricted expression of these molecules
provide a plausible explanation. The expression of CD21 and
CD44 was shown to be independent of Sp1,***® a principal
mediator of CD20 transactivation by HDAC inhibitors. Trans-
cription of CD10 and CD43 is governed by Sp1, but is also
under the control of DNA methylation in a lineage-specific
manner.*®%° It is possible that Sp1 is not accessible to
methylated CD10 and CD43 promoters of Burkitt lymphoma
cells even after the treatment with HDAC inhibitors, although
the involvement of other factors cannot be ruled out.

Owing to their unique mechanisms of action, HDAC
inhibitors are expected to be effective for tumors resistant to
conventional anticancer drugs, and indeed, exerted beneficial
effects on peripheral T-cell lymphomas and malignant melano-
ma in experimental and pilot clinical studies.'*’ However,
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Figure 4 HDAC inhibitors augment the cytotoxic activity of rituximab in vivo. (a) We injected BJA-B cells into non-obese diabetic/severe
combined immunodeficiency (NOD/SCID) mice intravenously, and treated them with the vehicle (control) or valproic acid at 150 mg/kg twice a
day (VPA) from 4 days after transplantation. CD45-positive cells were isolated from the bone marrow of recipient mice after 48 h, and subjected to
flow cytometric analysis for CD20 expression () and immunoblot analysis for histone H3 acetylation and GAPDH (b). (c) We determined the
percentages of bone marrow CD45-positive cells using flow cytometry after 14 days of transplantation. The graph shows the means £ s.d. (bars) of
samples from five mice. P-values were calculated by Student’s t-test (*P<0.05). (d) We inoculated Namalwa cells into the right flank of NOD/SCID
mice, and started the following treatments when tumors were measurable (day 0): control (open circle), 0.9% NaCl on days 0, 3, 5, 7 and 10,
followed by mouse IgG (25 mg/kg) on days 3, 7 and 10; rituximab alone (Rit, open square), 0.9% NaCl on days 0, 3, 5, 7 and 10, followed by
rituximab (25 mg/kg) on days 3, 7 and 10; romidepsin alone (Romid, closed circle), romidepsin (0.1 mg/kg) on days 0, 3, 5, 7 and 10, followed by
mouse IgG (25 mg/kg) on days 3, 7 and 10; romidepsin plus rituximab (Rit + Romid, closed square), romidepsin (0.1 mg/kg) on days 0, 3, 5, 7 and
10, followed by rituximab (25 mg/kg) on days 3, 7 and 10. Five mice were enrolled in each group. Caliper measurements of the longest
perpendicular tumor diameters were performed every alternate day to estimate the tumor volume using the following formula: 4/37 x (width/
2)? x (length/2), which represents the three-dimensional volume of an ellipse.
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Abstract We prospectively compared allogeneic hema-
topoietic stem cell transplantation (allo-HSCT) with che-
motherapy as a post-remission therapy in a multicenter trial
(JALSG AML97) of adult patients with intermediate or poor
risk acute myeloid leukemia (AML). Of 503 patients aged
15-50 years old i d between D ber 1997 and
July 2001, 392 achieved complete remission (CR). CR
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patients classified in the intermediate or poor risk group
using a new scoring system were tissue typed. Seventy-three
with and 92 without an HLA-identical sibling were assigned
to the donor and no-donor groups. Of 73 patients in the donor
group, 38 (52%) received allo-HSCT during CR1 and 17
(23%) after relapse. Intention-to-treat analysis revealed that
the relapse incidence was reduced in the donor group (52 vs.
77%; p = 0.008), and the disease-free survival (DFS)
improved (39 vs. 19%; p = 0.016), but overall survival (OS)
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was not significantly different (46 vs. 29%; p = 0.088). The
OS benefit was seen in the patients aged 36-50 years old
(49 vs. 24%; p = 0.031), suggesting an advantage of allo-
HSCT among older patients with leukemia that is more
resistant to chemotherapy than that among younger patients.

Keywords AML - Allogeneic hematopoietic
stem cell transplantation - Post-remission chemotherapy

1 Introduction

Around 70-80% of newly diagnosed patients with adult
acute myeloid leukemia (AML) achieve complete remission
(CR) when treated with cytarabine (AraC) and anthra-
cycline, usually daunorubicin (DNR) or idarubicin (IDR).
However, only about one-third of these patients remain
disease free for more than 5 years [1-5]. Intensified post-
remission chemotherapy has improved the survival rates of
patients with AML, especially of younger patients [6].
Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is considered to be the most intensive post-remission
treatment consisting of high-dose chemoradiotherapy and
allo-immune mechanisms. However, the powerful anti-
leukemic effects of this treatment are counterbalanced by a
high incidence of treatment-related mortality (TRM). Thus,
allo-HSCT has not always been considered superior to che-
motherapy [7, 8]. Intensified chemotherapy with high-dose
Ara-C confers promising results on good risk patients [9] for
whom allo-HSCT is currently abstained in the first CR
(CR1). The Japan Adult Leukexma Study Group (JALSG)
AMLY7 protocol cc i it a

among the institutions participating in JALSG regarding
their policy about indications for allo-HSCT among AML
patients in CR 1. The findings revealed that good risk patients
in CR1 did not undergo an allo-HSCT at most of these
institutions. Cytogenetic profile has been widely used to
classify the patients with AML [7-13]; however, cytogenetic
studies are not always foolproof. The JALSG established a
scoring system that adopted significant factors including
cytogenetic results from previous JALSG AML trials [14].
We applied this scoring system to stratify patients and
conducted a prospective, multicenter cooperative study
(AML97) to compare allo-HSCT with chemotherapy among
intermediate and poor risk patients with AML in CR1.

2 Patients and methods
2.1 Patients and study design

The JALSG AMLY7 study was implemented between
December 1997 and July 2001 at 103 institutions where the

ethical committees approved the protocol. Adult patients
aged from 15 to 64 years newly diagnosed with de novo
AML according to the French-American-British (FAB)
classification at each institution were eligible, but those
with acute promyelocytic leukemia (APL) were excluded.
Peripheral blood and bone marrow smears of the registered
patients were stained with May-Giemsa, peroxidase, and
esterase at Nagasaki University and subsequently reviewed
by a central review committee. All patients provided
written informed consent to participate before registration
in this study.

The chemotherapeutic design of AML97 has been
described elsewhere in detail [15]. In short, all the patients
were treated with the same induction therapy consisted of
AraC (100 mg/m?, continuous infusion, days 1-7) and IDR
(12 mg/m® days 1-3). If the patients did not achieve
remission after the first induction therapy, then the same
therapy was given again. For patients who did not achieve
a CR even after second induction therapy, no further
treatment was defined in this study. In the comparison
between allo-HSCT and chemotherapy as post-remission
therapy, these patients were not included in the analysis.
All patients who achieved CR were randomized to receive
either 4 courses of consolidation therapy without mainte-
nance therapy (group A) or the conventional JALSG post-
remission regimen with maintenance therapy (group B) [3]
The results of the two post ion chemoth
strategies (group A vs. group B) were comparable [15].
The CR patients were classified into good, intermediate or
poor risk groups according to the scoring system described
below. Intermediate or poor risk patients younger than
50 years old with living siblings were tissue typed. Patients
with an HLA-identical sibling were assigned to undergo
allo-HSCT soon after three courses of consolidation ther-
apy (donor group), and those without living or HLA-
identical siblings were assigned to the no-donor group that
continued receiving chemotherapy.

Patients in the donor group with AST or ALT values
fourfold higher than the normal range, serum bilirubin and
creatinine more than 2 mg/dl, ejection fraction based on an
echocardiogram of less than 50% or oxygen saturation
according to pulse oximetry of less than 90% were ineli-
gible for allo-HSCT, but were analyzed as a donor group
one in an intention-to-treat fashion. Conditioning before
transplantation and prophylaxis for graft-versus-host dis-
ease was performed according to each institutional stan-
dard. Either allogeneic peripheral blood or bone marrow
was allowed to be the stem cell source.

2.2 Scoring system

We collected clinical and laboratory data (except for APL)
from previous JALSG AML trials (AML87, n = 234
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Table 1 JALSG scoring system

Scoring system

System 1
MPO positive blasts >50% +2
Age <50 years +2
WBC <2 x 1071 +2
FAB subtypes non-MO0, M6, M7 +1
Performance status 0,1,2 +1
No. of induction 1 +1
1(8;21) or inv(16) + +1
Total score
Good risk group 8-10
Intermediate risk group 5-7
Poor risk group 04
System 2
MPO positive blasts >50% +2
Age <50 years +2
WBC <2 x 1071 +2
FAB subtypes non-M0, M6, M7 +1
Performance status 0,1,2 +1
Total score
Good risk group 7-8
Intermediate risk group 4-6
Poor risk group 0-3

RR and TRM were measured from the date of CR. The
event for OS was death due to all causes, and patients were
censored at the last observation date if alive. The events of
DFS were death during CR or relapse. The RR was defined
as the cumulative probability of relapse, censoring at death
in CR. The events of TRM comprised death before relapse.
We estimated OS, DFS, RR and TRM with their respective
standard errors using the Kaplan-Meier method [16]. We
compared the OS, DFS, RR and TRM between the patients
with and without a donor using the log-rank test. Further-
more, the hazard ratio and the 95% confidence interval (CI)
of the OS, DFS, RR and TRM were calculated using Cox
regression analysis. The Wilcoxon rank-sum test was used
for the continuous data, such as age and WBC count, while
the Chi-square test was used for the ordinal data, such as
the risk group and the frequency of allo-HSCT. All anal-
yses were performed on the intention-to-treat principal
with all patients in their allocated arms. Adding to the
prospective comparison of the efficacy between allo-HSCT
and chemotherapy, we also retrospectively performed
subgroup analysis by age. Statistical analyses were con-
ducted using the SAS software package (SAS Institute, Inc,
Cary, NC).

3 Result

MPO myeloperoxidase, WBC white blood cell

patients; AML89, n = 311; AML92, n = 986), and then
selected significant factors for achieving CR, disease-free
survival (DFS) and overall survival (OS) using multivariate
analysis [14]. According to the weight of significance,
myeloperoxidase positivity of blasts, patient age, and WBC
count at diagnosis were valued at 2 points, and FAB sub-
types, performance status, numbers of inductions required
to achieve CR, and favorable karyotypes of t(8;21) or
inv(16) were valued at 1 point (Table 1, system 1). When
we originally planned to use this system, cytogenetic data
were not always available at diagnosis. Thus, we designed
the system 2 that could be applied even without a cyto-
genetic data.

2.3 Statistical analysis

The aim of this study was to compare the efficacy of allo-
HSCT and chemotherapy as a post-remission treatment, by
evaluating DFS and OS rate. Forty-two patients were
estimated for an evaluation of the primary endpoint of this
study. The JALSG data management committee collected
the clinical data from all participating institutions, then
fixed them and analyzed the OS of each risk group in July
2004 and the relapse rate (RR), DFS, OS and TRM of the
donor and no-donor groups in January 2009. The OS, DFS,

@ Springer

3.1 Study patients and genetical allocation

Five hundred and three de novo AML patients aged from
15 to 50 years participated in the AML97 comparison of
allo-HSCT with chemotherapy as a post-remission therapy.
Of 392 patients achieved CR, 62 patients were excluded
from the analysis because of insufficient data mainly
deficient clinical data at diagnosis which were essential to
verify their classification. Three hundred and thirty evalu-
able patients were classified into the good (n = 149),
intermediate (n = 162) or poor risk (n = 19) groups using
the scoring system described above (Fig. 1). The 5-year OS

330

CR patients younger than 50 years old

162 149
Intermediate risk Good risk

79
No matched sibling donor

ksl
Matched sibling donor

13
No sibling

No-donor group

Donor group

Fig. 1 Overview of patients included in analysis by risk classifica-
tion, HLA typing, and donor availability
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rates of the CR patients with good, intermediate and poor
risk were 68, 44 and 30%, respectively [hazard ratio (HR),
0.51 (good vs. intermediate) and 0.25 (good vs. poor),
respectively; 95% confidential interval (CI), 0.35-0.73
(good vs. intermediate) and 0.14-0.48 (good vs. poor);
p < 0.0001; Fig. 2a]. Among the intermediate and poor
risk patients with living siblings, 154 patients and their
siblings were examined for their HLA types. Seventy-three
of these patients had an HLA-identical sibling and were
assigned to the donor group. Thirteen patients with no
siblings and 79 patients without an HLA-identical sibling
were assigned to the no-donor group (92 patients). Finally,
one patient in donor group and one patient in no-donor
group were excluded from the analysis because of their
insufficient data of survival (Fig. 1). The follow-up dura-
tions of the donor and no-donor groups were 1854 days
(range 163-3176 days) and 1010 days (range 93-3008
days), respectively.

3.2 Patient characteristics of donor versus no-donor
groups

Table 2 shows the characteristics of patients in the donor
and no-donor groups. The distributions of these features
were comparable in both groups with respect to age, gen-
der, initial WBC count, MPO positivity of blasts, FAB
subtype, performance status, prognostic risk according to
JALSG score, presence of favorable cytogenetic abnor-
malities, and the groups of post-remission chemotherapy.

3.3 Donor group

Fifty-six patients (76%) in the donor group actually under-
went allo-HSCT (Table 2). Thirty-eight patients (52%)
received an allo-HSCT during CR1 at a median of 159 days
(range 43-314 days) from CRI1. Eighteen patients under-
went allo-HSCT after relapse. The median times between
CR1 and relapse and between CR1 and a transplantation
were 183 days (range 39-757 days) and 248 days (range
157-973 days), respectively. Thirty and 24 patients were
transplanted after undergoing a conditioning regimen with

or without total body irradiation (TBI), respectively, and
conditioning information was not available for 2 patients.
The sources of transplanted stem cells were bone marrow
cells (n = 26), peripheral blood cells (n = 27) and bone
marrow cells together with peripheral blood cells (n = 2).
Twenty-nine of the 56 patients in the donor group who
underwent allo-HSCT remain alive. Twenty patients died
of recurrent leukemia and 7 of tr -related causes.
Seventeen patients allocated to the donor group did not
receive a transplantation for the following reasons; patients’
refusal (n = 6), donors’ refusal to donate (n = 2), physician’s
decision (n = 1), disease progression before transplantation
(n =2), donor health problems (n =2) and unknown
reasons (n = 4).

3.4 No-donor group

Of the 92 patients in the no-donor group, 42 eventually
underwent HSCT (Table 2): autotransplantation (n = 3),
allo-HSCT from HLA mismatched-related donors (n = 4),
allo-HSCT from an HLA matched-unrelated donor
(n =28), and allo-HSCT from an HLA-mismatched
unrelated donor (n = 7). Eleven patients underwent a
transplantation during CR1 from an unrelated donor or
mismatched-related donor at a median of 281 days (range
170-1700 days) from CRI1, significantly later than those
transplanted during CR1 in the donor group (p < 0.001).
Thirty-one patients received a transplantation after relapse.
The median times between CR1 and relapse and between
CR1 and a transplantation were 329 days (range 92—
876 days) and 519 days (range 167-1373 days), respec-
tively.

3.5 Comparison of donor versus no-donor groups

The actual risk of relapse at 8 years was significantly lower
in the donor group than in the no-donor group (52 vs. 77%,
respectively, HR, 0.58; 95% CI, 0.39-0.88; p = 0.008;
Table 3). The TRM did not significantly differ between the
donor and the no-donor groups (16 vs. 17%, respectively,
HR, 0.97; 95% CI, 0.34-2.80; P = 0.959; Table 3). Seven
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Table 2 Patients’

characteristics Donor No-dorice: L2
Total number 73 92
Age
Median (range) 37 (16-50) 36 (15-50) 0.60"
15-35 years 33 46
36-50 years 40 46 0.54°
Sex
M/F 44129 45/47 0.15°
WBC at diagnosis (10°/1) (range) 3.8 (0.05-36.8) 5.1 (0.14-45.0) 0.16"
MPO positivity of blasts (range) 30 (0-100) 50 (0-100) 0.18*
FAB classification
Mo 4 6
Ml 18 25
M2 22 24
M4 20 23
M5 7 14
M6 1 0
M7 1 0 0.67°
Performance status
0-1 66 84
2-3 7 8 0.70°
Risk classification by
JALSG scoring system
Intermediate 64 84
Poor 9 8 0.45°
Cytogenetics
t(8;21) or inv(16) 4 4 0.74"
Chemotherapy group
Group A 38 42
Group B 30 47 0.28°
UD HLA tched 1. d Not o 5 3
donor, MUD HLA-mismatched Allogeneic transplant
unrelated donor, MRD HLA-
mismatched related donor, WBC During CR1I 38 1
white blood count, MPO 9 from UD
myeloperoxidase 1 from MUD
# Mann-Whitney test 1 from MRD
¥ Chi-square test After relapse 18 31
¢ Chi-square test excluding No transplant 17 50

non-randomized

patients in the donor group and four in the no-donor group
died of transplant-related causes during CR1. The lower
RR in the donor group resulted in a significantly better DFS
compared with the no-donor group (39 vs. 19%, respec-
tively, HR, 0.63; 95% CI, 0.44-0.92; P = 0.016; Table 3;
Fig. 3). The significant superiority of DFS in the donor
group translated into a higher OS rate, but the difference in
0S between the two groups did not reach statistical sig-
nificance (46 vs. 29%, HR, 0.70; 95% CI, 0.47-1.06;
p = 0.088; Table 3; Fig. 4).
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The donor/no-donor analysis was performed on the
intention-to-treat principal, which may underestimate the
beneficial effect of allo-HSCT probably because of low
compliance of transplantation. The 8-year DFS and OS of
the recipients actually transplanted during CR1 (n = 38) in
the donor group were significantly better than those of the
patients not transplanted in the no-donor group (n = 50);
58 versus 27%, HR, 0.36; 95% CI, 0.20-0.66; p < 0.001,
and 61 versus 24%, HR, 0.36; 95% CI, 0.19-0.68;
p = 0.001, respectively.
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Table 3 Effects of donor availability on outcome in donor and no-donor groups

Outcome Donor No-donor Vd HR (95% CT)
n No. of events Probability n No. of events Probability of
of outcome at outcome at
8 years +SE (%) 8 years +SE (%)
All patients 73 92
RR 36 52+6 67 T7+5 0.008 0.58 (0.39-0.88)
TRM 7 16 £ 6 7 17£7 0.959 0.97 (0.34-2.80)
DFS 44 39+6 74 19+4 0.016 0.63 (0.44-0.92)
os 37 46 +7 61 29+6 0.088 0.70 (0.47-1.06)
Age <35 33 46
RR 17 52+9 31 70+7 0.309 0.74 (0.41-1.33)
TRM 2 1248 3 15+8 0.785 0.78 (0.13-4.71)
DFS 20 39+9 34 26+7 0.366 0.78 (0.45-1.35)
[ 18 42 + 10 27 35+9 0.860 0.95 (0.52-1.72)
Age >35 40 46
RR 19 52+9 36 85+6 0.006 0.46 (0.26-0.81)
TRM 5 19+8 4 19+ 11 0.962 1.03 (0.27-3.92)
DFS 24 39+£8 40 12+5 0.012 0.52 (0.31-0.87)
[N 19 49 +9 34 247 0.031 0.54 (0.31-0.95)
RR relapse rate, DFS di free survival, TRM lated mortality, OS overall survival
1.0 10
9 ]
8 8
7 2
g ° E ¢ Donor group (n=73)
g Donor group (n=73) g . “~
E 4 N a4 P g, Wwd'e:)or group (n=92)
2 \"\m_“ No-donor group (=92) N tanckaneos
? poois e N P=0.088
3 El
00 00
0 500 1000 1500 2000 2500 3000 3500 o 500 1000 1500 2000 2500 3000 3500
Days Days

Fig. 3 Disease-free survival in donor and no-donor groups
3.6 Subset analysis according to patient age

The OS of the patients younger than 35 years of age were
comparable between the donor and the no-donor groups
(Fig. 5a). However, the OS of the patients aged >35 in the
donor group was significantly better compared with the no-
donor group (49 vs. 24%, respectively, HR, 0.54; 95% CI,
0.31-0.95; p = 0.031; Table 3; Fig. 5b). The RR, TRM,
DFS and OS in the donor group were comparable between
the two age categories (Table 3; Fig. 5¢). In contrast, OS
and DFS were marginally worse in the no-donor group of
patients aged >35 than <35 years (Table 3; Fig. 5d). The
distribution of the cytogenetic profile, risk by the JALSG
scoring system, myeloperoxidase positivity of blasts, WBC

Fig. 4 Overall survival in donor and no-donor groups

count, FAB classification and performance status at diag-
nosis did not significantly differ between the two age
categories in the no-donor group (data not shown).

4 Discussion

Many clinical trials have compared allo-HSCT with che-
motherapy as a post-remission therapy for the patients with
AML during CR1. Most of these targeted all patients in
CRI as a single population without prospective stratifica-
tion by the prognostic factors. Thus, patients were simply
assigned into the allo-HSCT or the chemotherapy groups
according to donor availability [7, 10, 17, 18]. Here, we
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Fig. 5 Overall survival of patients according to age (a and b <35 and >35 years, respectively) and donor availability (¢ and d, donor and no-

donor groups, respectively)

prospectively compared the effectiveness of allo-HSCT
with chemotherapy among patients who were stratified into
intermediate or poor risk groups according to JALSG
scoring, which constitutes a new means of predicting the
prognosis of AML. When this study was planned, as the
availability of the cytogenetic study was expected to be
variable, and the JALSG scoring system was revealed to be
useful to stratify the patients, we adopted a scoring system
to select the intermediate and poor risk patients. In contrary
to our expectation, cytogenetic studies were performed in
99.2% of the registered patients and the results were
available in 97% of the patients. Of 330 CR patients
younger than 50 years old, cytogenetic studies disclosed
that 97 had good prognostic chromosomal abnormalities,
i.e., t(8;21) or inv(16). The OS was significantly better
among patients with than without good prognostic cyto-
genetic profiles (70 vs. 47% at 5 years, with HR, 0.51; 95%
CI, 0.34-0.77; p = 0.001; Fig. 2b). According to JALSG
scoring, 87, 10 and 0 patients with good prognostic cyto-
genetic abnormalities corresponded to the good, interme-
diate and poor risk groups, respectively. More good risk
patients were selected using this scoring system than by
that using karyotype of AML cells alone and about 10% of
patients who might be classified into the good risk group by
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cytogenetic profiles entered the comparison groups by the
JALSG scoring system. The JALSG scoring system, which
resembles the index used in the Bordeaux Grenoble Mar-
seille Toulouse (BGMT) intergroup study [18], obviously
separated patients with a good prognosis who should be
excluded from the transplantation trials.

Allo-HSCT prevents AML relapse through intensive
cytoreduction using high-dose chemoradiotherapy and
graft-versus-leukemia effects. However, previous trials
have not always shown advantages of this strategy on the
survival of AML patients in CR1. Some studies have not
found a benefit of allo-HSCT either on DFS or OS [7, 8],
and some showed an advantage only on DFS [10, 17]
compared with chemotherapy/auto-transplantation. Retro-
spective subgroup analysis and meta-analysis have shown a
better OS in the donor group [10, 13, 19, 20], demon-
strating the importance of limiting the indication of allo-
HSCT for only the patients with an intermediate or poor
risk.

The following issues should be considered regarding the
prospective comparison of allo-HSCT with chemotherapy:
assignment of patients according to sibling donor avail-
ability [21], low compliance of allo-HSCT for patients in
the donor group, and allo-HSCT performed in the no-donor
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group from unrelated donors. We could compare the
effectiveness of treatment strategies using the intention-to-
treat analysis. However, the intrinsic issues of this type of
trial and recent advances in alternative stem cell sources
will cause difficulties with future prospective comparison
of allo-HSCT and chemotherapy using a similar study
design.

Although the comparison was performed among patients
in the intermediate and poor risk groups, the benefit of allo-
HSCT was not significant in OS. Low compliance of allo-
HSCT during CR1 in the donor group (52% in the current
trial) and allo-HSCT in the no-donor group (total 45%;
11% during CR1) appeared to make the efficacy of allo-
HSCT underestimated, especially with regard to OS.
However, survival was significantly better among older
patients in the donor group (Table 3; Fig. 5b), which
seemed to contradict previous findings [19]. Age usually
adversely affects allo-HSCT outcome, but it was not
associated with the decrease of OS in the donor group in
the present study (Table 3; Fig. 5¢). Low incidence of
TRM probably allowed the powerful anti-leukemic effect
of allo-HSCT to function properly, indicating the advan-
tage of allo-HSCT especially among older patients with
leukemia that was more resistant to chemotherapy than that
among younger patients [1] shown in the no-donor group
(Fig. 5d), and caused a contrary result from HOVON/
SAKK study. The recent reduction in TRM seemed to
contribute much to these results as suggested by others [22,
23]. Different population of the cohorts selected by JALSG
scoring and by cytogenetic profiles might also have influ-
enced the present findings.

Molecular markers can be very useful for selecting
patients who will most likely benefit from allo-HSCT
during CR1 among those with a normal karyotype, which
comprises the largest group of patients with AML [24]. The
overall safety of allo-HSCT obviously needs improvement,
and also patients with chemotherapy-resistant AML who
could benefit from allo-HSCT should be identified. Thus,
stratification of patients with AML should be improved
using a combination of leukemic cell karyotype and,
genetic markers and also other clinical findings.
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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 (n = 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 Introduction

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, AMLSB9 [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 members, 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 [11]. 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
Ara-C 100mg/m’ e o o o o @

3 4 5 6 78 9 10
e (®)(*)(°)
IDR 12mg/m’ e e e (®)
BMP & 2

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

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

IDR 12mgm’' e e @
BMP 4 .

Fig. 1 Treatment scheme of induction therapy
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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/m2 by 1-h infusion on days 1-5). The third con-
sisted of BHAC (200 mg/m? on days 1-7) and aclarubicin
(ACR; 14 mg/m2 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/uL
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/m2 on days 1 and 2). The third con-
sisted of BHAC (170 mg/m? on days 1-5), ETP (80 mg/m2
on days 1, 3, and 5), and vindesine (2 mglm2 intravenously
on days 1 and 8). The fourth consisted of BHAC (170 mg/
m? on days 1-5), ACR (14 mg/m? on days 1-4) and 6MP
(70 mg/m2 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.
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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 0 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 RFS. To test factors to predict CR,
#* 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
RFS, the log-rank test was used for univariate analysis and
Cox’s proportional hazard model for multivariate analysis.
JMP 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 1. 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

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%
PS 1 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 19.6% 22.2%
Intermediate 63.6% 59.7%
Adverse 13.4% 14.0%
Unknown 3.3% 4.1%
*p <0.05
Table 2 CR rates related to FAB age, and ic

All cases Individualized group Fixed group
No. CR (%) No. CR (%) No. CR (%)
FAB
MO 16 625 8 62.5 8 625
M1 80 85.0 41 854 39 846
M2 192 823 95 719 97 86.6
M4 108 78.7 55 80.0 53 774
M5 20 900 5 100.0 15 86.7
M6 8 500 2 50.0 6 500
M7 6 66.7 3 66.7 3 66.7
Age
15-19 40 90.0 19 100.0 21 810
20-29 65 785 29 759 36 80.6
30-39 71 817 41 75.6 30 90.0
4049 100 83.0 45 718 55 87.3
50-59 105 77.1 53 792 52 750
60-64 49 716 22 7.3 27 718
Cytogenetics
Favorable 90 933 41 95.1 49 91.8
Intermediate 265 80.8 133 78.9 132 82.6
Adverse 59 627 28 60.7 31 645
Unknown 16 750 7 714 9 718
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 %o
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 ion (22 and 12 p , 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

Patients underwent randomization
n =430

Fixed Group
n=221

IER after 1% Induction merapleon CR after 1 Induction merapyl
49 n=60

CR after 1t Induction Non CR after 1%t Induction therapy |
therapy n = 159 n=62

2" Induction therapy
n=41

Induction failure
n=19

Induction failure
n=15

2" Induction therapy
n=47

n=29 n=4

BMT in 1#CR
n=23

BMT after rslapseJ [BMT without remission

n=15 n=32

BMT without remission

BMT in 1 CR J | BMT after relapse

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

treatment outcome {:d:'lgggilmd group szdzgzrlo )“ P P
CR rate (%) 79.4 81.9 0516
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/uL 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 +£162 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
Data with £ denotes Between 30 and 60 days 0.9% 1.4%
mean = standard deviation Overall survival at 7 years 37% 39% 0496
* After the initial course of Event-free survival at 7 years 22% 23% 0.546

induction therapy

a 100
2 80
©
2 60 )
g Fixed group (n = 221)
@ e
——é 404 T tESStteseeseeeceea-
Q Individualized group (n = 209)
O 20
p=0.496
0
0 1 2! 3 4 5 6 7 8
Years
b 100
g w0
©
2
c 60
3
2]
3
£ 40 Fixed group (n = 221)
E e
2 20
Individualized group (n = 209)
° p =0.546
0 1 2 3 4 5 6 7 8
Years

Fig. 3 Overall survival (a) and event-free survival (b). Predicted
7-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

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 (M0, 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
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making such a decision. In addition, the present protocol
states that, if the decision is difficult due to equivocal
findings, additional drugs should be given.

It was considered that the higher CR rates of previous
JALSG studies for adult AML: AML87 [4], AML89 [5]
and AML92 [6], were due to response-oriented individu-
alized therapy, giving 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 aim to obtain
CR by the first course of induction therapy. For example, in
the AMLS89 study, the primary objective of which was to
compare Ara-C with BHAC in remission induction ther-
apy, 130 (82%) of 159 patients in the DNR + Ara-C +
6MP + PSL group achieved CR by this individualized
induction therapy [5]. It is clear that without a prospective
randomized study, one cannot argue whether the individual
therapy is superior to a standard fixed-schedule remission
induction therapy. However, it is noteworthy, that in the 3
randomized studies in the USA mentioned in Sect. 1,
which compared IDR plus Ara-C with DNR plus Ara-C,
the fixed-schedule therapy with DNR plus Ara-C resulted
in merely 57-58% CR rates, while IDA plus Ara-C regi-
mens produced 70-80% CR rates [8-10].

Disappointingly, the present study could not demonstrate
that response-oriented individualized therapy was superior to
the fixed-schedule therapy. Both regimens resulted in almost
the same CR rates: 79 and 82%, respectively. Actually, both
therapies produced very good CR rates. The results were
interpreted as follows: IDR is a good but very powerful drug,
therefore, additional IDR and Ara-C on day 8 or later may not
be necessary and gave too much myelosuppression. In fact, in
the individualized group, leukocytopenia was significantly
more severe and its duration was significantly longer, and
early death within 30 days tended to occur more frequently.
From the present study it is suggested that response-oriented
individualized therapy could be successful in cases where
DNR is used as a key drug. Usui et al. [12] reported that the
optimal dose of DNR in the induction therapy for newly
diagnosed adult AML was approximately 280 mglm2
(40 mg/m2 for 7 days), which was more than its conventional
dose of 40-60 mg/m? for 3 days.

Tt is very interesting that among patients of age 50 years
or older, the individualized group had significantly lower
RFS than the fixed group, but there was no such difference
in younger patients. However, we cannot clearly explain
the real reason of this observation. There may be potential
sources of bias in our subset analysis of clinical data that
have many confounding factors. Therefore, we must be
cautious in drawing a conclusion from this observation.

So far, CR rates around 80% for newly diagnosed adults
of age less than 65 years with non-M3 AML seems to be
the upper limit by currently available anti-leukemia drugs

@ Springer

in multi-institutional studies [7]. To increase the CR rates
and improve treatment outcomes, novel drugs other than
cytotoxic ones such as all-frans retinoic acid (ATRA) for
acute promyelocytic leukemia (APL) are needed. With
ATRA in combination with conventional cytotoxic drugs
such as IDR and Ara-C, CR rates around 95% and more
than 80% overall survival for APL with PML/RARx can be
obtained [13, 14]. The remarkable success of molecule
targeting therapy with ATRA against APL as well as
imatinib mesylate against chronic myeloid leukemia [15]
and Philadelphia chromosome-positive ALL [16] with
BCR/ABL is a good example. Specific molecule targeting
therapy should be developed against pathogenic molecules
responsible for leukemogenesis. Meanwhile, it is necessary
to explore separate treatment regimens for prognostically
different subtypes of AML with conventionally available
modalities in order to increase the cure rate of adult
leukemia.
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