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Abstract 'We retrospectively analyzed the outcomes of
81 patients -with non-M3 acute myelogenous leukemia
(AML) infirst complete remission (CR1) who were treated
with high-dose chemotherapy (HDCT) and autologous
petipheral. blood stem cell transplantation (Auto-PBSCT)
by the Fukuoka Blood and Marrow Transplantation Group
between 1989 and 2005. Cytogenetically, 16 patients were
defined as good risk, 56-as intermediate risk, and nine as

poor risk, following the Southwest Oncology Group crite- -

ria. The pre-transplant conditioning regimen consisted of
high-dose busulfan, etoposide, and cytarabine (BEA regi-
men), combined with priming by granulocyte colony-
stimulating factor (G-CSF). Disease-free survival (DFS)
and overall survival at 5 years were 64.0 % (95 % CI
52.5-73.4) and 66.4 % (95 % CI 54.9-75.6) after Auto-
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PBSCT at a median'folloi)i/—up time of 103 months (range

-3-240 months), respectively. Two:patients: died of trans-

plant-related ‘pulmonary = complications 6 months - after
Auto-PBSCT without relapse. The 5-year DFS rates of
patients in the, genetically good-, intermediate-, and poor-
risk groups were 80.8, 64.3, and 33.3 %, respectively, but
there was no significant difference statistically among the
risk - groups (log-rank " p.= 0.0579). These observations
suggest. that HDCT supported by . Auto-PBSCT with the
BEA regimen combined with G-CSF priming is a thera-

~ peutic option for postremission therapy of AML in CR1.

Keywords Acute myelogenous leukemia - First complete
remission - Postremission therapy - Autologous peripheral
blood stem cell transplantation - G-CSF combined
conditioning regimen
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Introduction

Despite complete remission (CR) rates as high as 60-80 %
with anthracycline/cytarabine-based induction therapy in
de novo acute myelogenous leukemia (AML), relapse of
leukemia is frequent and an obstacle to long-term survival.
Therefore, postremission therapy is very important in
preventing relapse and improving treatment outcome [1].
AML has various clinical features and is usually classified
into three risk groups based on cytogenetic abnormality [2].
The good-risk group is characterized by t(15;17) translo-
cation or core-binding factor (CBF) abnormalities, and the
poor-risk group is characterized by complex cytogenetic
abnormalities or deletion of chromosome 5 or 7. Although
the intermediate-risk group is defined by normal karyotype,
it is very heterogeneous in terms of its genetic abnormal-
ities, and 50-60 % of AML patients belong to this group.
For patients with CBF abnormality AML in first CR (CR1),
postremission therapy with repetitive cycles of high-dose
cytarabine (HiDAC) is considered to be a standard treat-
ment option. Recently, repetitive cycles (usually 3-4
cycles) of HIDAC have been widely used as consolidation
of CR for patients with intermediate-risk AML, but the
treatment outcome is not completely satisfactory. For
patients with poor-risk AML, the results of conventional
consolidation therapy are poor [3]. Accordingly, allogeneic
stem cell transplantation is clinically indicated for patients
with high-risk AML if they have a human leukocyte anti-
gen (HLA)-identical sibling, but only about one-third of
patients can find a suitable donor [4].

In an attempt to improve the treatment outcome of AML,
the Fukuoka Blood and Marrow Transplantation Group
(FBMTG) started high-dose chemotherapy (HDCT) sup-
ported by autologous peripheral blood stem cell transplan-
tation (Auto-PBSCT) as postremission therapy for patients
with AML in CR1 in 1989. Since that time, we have
employed a unique conditioning regimen, including gran-
ulocyte colony-stimulating factor (G-CSF) priming fol-
lowed by conventional dose cytarabine to induce dormant
residual leukemic cells into the cell cycle to increase their
chemosensitivity [5]. In this study, we retrospectively
analyzed the long-term outcomes of 81 patients with AML
in CR1 who received HDCT combined with G-CSF priming
followed by Auto-PBSCT to evaluate the safety and effi-
cacy of this treatment modality as postremission therapy.

Patients and methods
Patients

We retrospectively analyzed 81 patients with de novo AML
who received HDCT with Auto-PBSCT' as postremission
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therapy between January 1989 and June 2005 at four
institutions of the FBMTG in Japan. During that time, we
employed this treatment in clinical practice on most AML
patients in CR1; patients who were candidates for alloge-
neic stem cell transplantation -with a suitable donor and
patients who were of advanced age or with poor perfor-
mance status because of organ dysfunction or severe
infections were excluded. The 81 patients consisted of 48
males and 33 females with a median age of 37 years (range
16-75 years). The French—American—British classification
of AML in these patients was as follows: M1 in 25, M2 in
35, M4 in 16, and M5 in 5 patients, and M3 patients were
excluded. Seventy-six patients achieved CR after one
course of remission induction chemotherapy, while 5
patients required two courses of the therapy to obtain CR.
The median interval from CR1 to Auto-PBSCT was
4.1 months, with a range of 2.9-19.2 months. Patient
characteristics are summarized in Table |, in which
patients are divided into three groups based on cytogenetic
abnormalities according to the Southwest Oncology Group
criteria [2]: 16 patients (20 %) were classified as good risk,
56 (69 %) as intermediate risk, and 9 (11 %) as poor risk.
There were no significant differences in the distribution of
FAB classification, numbers of induction chemotherapy to
obtain CR, interval from CR1 to Auto-PBSCT, and num-
bers of CD34+ cells infused among these three groups. No
significant differences in white blood cell (WBC) counts,
lactate dehydrogenase (LDH) values, and CD56 positivity
at diagnosis were observed among the three groups.

Chemotherapy and peripheral blood stem cell (PBSC)
collection

Induction chemotherapy consisted of daunorubicin (45 mg/
m? intravenously) or idarubicin (12 mg/m? intravenously)
for 3 days combined with cytarabine (100 mg/m? by con-
tinuous infusion) for 7 days. Bone marrow aspiration was
performed on day 7, and if the marrow was not severely
hypoplastic, daunorubicin was added on days 8 and 9, and
cytarabine. administration was continued for 3 more days
(days 8, 9, and 10) [5].

Consolidation chemotherapy consisting of an interme-
diate dose of cytarabine (500 mg/m? intravenously) every
12 h for 6 days combined with mitoxantrone (7 mg/m>
intravenously) for 3 days in the first course and etoposide
(100 mg/m* intravenously) for 5 days in the second
course was started after achieving CR.: Collection of
PBSCs was performed with a continuous blood-cell sep-
arator during hemopoietic recovery after the second
consolidation ' chemotherapy ‘with (n = 67) or without
(n = 14) G-CSF (filgrastim, 200 ug/m2 intravenously).
Unpurged PBSC harvests were cryopreserved ‘using: a
simplified method without rate-controlled freezing until
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Table 1. Patient characteristics
Cytogenetics
All (n = 81) Good (n = 16) Intermediate (n = 56) Poor (n = 9) p value
Median age, years (range) 37 (16-75) 32 (19-59) 39 (16-75) 48 (20-68) - 0.258
Male/female 48/33 11/5 29/27 8/1 0.075"
FAB subtype
ML 25 2 20 3 0.284"
M2 35 11 20 4
M4 16 3 12 1
M5 i : 5 0 4 1
WBC counts at diagnosis
Median (range) 9800 (800-198900) 6150 (1600-187000) 11450 (800-180000) 79640 (1800-198900) :0.331
<10,000 36 10 23 3 0.170"
210,000 36 27 5
Unknown 9 6 1
LDH values at diagnosis ‘
WNL 23 4 15 0.596"
High LDH 55 12 38
Unknown 3 0 3
CD56 expression at diagnosis
Negative 53 11 37 5 0.609"
Positive | 16 3 10 3
Unknown 12 2 9 1
No. of induction courses to remission .
1 course ) 76 14 53 9 0.466"
2 courses 5 2 k .3 0
G-CSF for PBSC mobilization
Yes 67 13 46 8 >0.99"
No 14 3 10 1
No. of CD34+ cells infused .
Median, x10%kg (range) 4.3 (0.9-20.8) 62 (1.3-16.3) 4.2 (0.9—2(18) 39 (2.1-11.3) 0.230
<4 31 3 23 5 0.321"
24 40 9 27 4
Unknown k 10 4 6 0
Interval from diagnosis to Auto-PBSCT o
Median, months (range) 54 (3.9420.4) 55 (4‘5~15.0) 5.2 (3.9-20.4) - 6.3 (4.7-74) 0.493
Interval from CR1 to Auto-PBSCT o
Median, months (range) 4.1 (2.9-19.2) 4.0 (3.4-13.7) 4.1 (2.9-19.2) 55 (3.6-6.7) ) 0.315
<4 month 35 ‘ 8 25 2 ' 0.389"
>4 months 46 8 31 7 ‘

Kruskal-Wallis test

G-CSF granulocyte colony-stimulating factor, PBSC peripheral blood stem cell, BEA busulfan, etoposmie cytarabine, PBSCT peripheral blood stem cell

transplantation, CRI first complete remission
T Fisher exact test

use for transplantation [6]. The target: cell dose was
greater than 2 x 10° CD34+ cells/kg in PBSC harvests.

Autologous peripheral blood stem:cell transplantation

The pretransplant conditioning regimen consisted of high-
dose busulfan (4 mg/kg orally) on days. —8 to —5 (total

@ Springer

274

dose 16 mg/kg), etoposide (20 mg/kg intravenously) on
days —4 and —3 (total dose 40 mg/kg), and cytarabine
(3 g/m? intravenously) every 12 h on days —3 and —2
(total 4 doses) (BEA regimen). Priming with human G-CSE
was used prior to the BEA regimen to increase chemo-
sensitivity of .residual . leukemic  cells: to - cytarabine,
an  S-phase-specific - anti-leukemic agent. G-CSF. was
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administered intravenously over 6 h at a dose of 5 pg/kg
on days —14 to —8, 10 ug/kg on days —7 and —6, and
20 pg/kg on days —5 and. —4 in combination with con-
tinuous infusion of conventional dose cytarabine (100 mg/
m?) on days —12 to —6 in addition to the above BEA
regimen . (G-CSF: combined BEA' regimen). On day 0,
cryopreserved PBSCs were rapidly thawed in a 37 °C
waterbath and infused through a central venous catheter
without washing. Complications related to the pretrans-
plant conditioning were classified according to the criteria
proposed by Bearman et al. [7]. Engraftment was con-
firmed by recovery of granulocyte counts >0.5 x 10°/1 and
platelet counts >20 x 10°/1 without dependence on platelet
transfusion on three consecutive days.

Data management and statistical considerations

For overall survival (OS), death from any cause was used
as the event. For disease-free survival (DFS), leukemic
relapse or death from any cause was used as the event.
Early death was defined as. death within 100 days after
Auto-PBSCT. Frequencies or median (range) were pro-
vided for age, sex, FAB subtype, WBC count at diagnosis,
LDH value at diagnosis, CD56 expression at diagnosis,
number of induction courses to remission, G-CSF for
PBSC mobilization, number of CD34+4 cells infused,
interval from diagnosis to' Auto-PBSCT, and interval from
CR1 to Auto-PBSCT. Differences in those factors between
groups according to cytogenetics were tested using the
Fisher’s exact test for frequencies and the Kruskal-Wallis
test for medians. Survival curves were estimated using the
product-limit method of Kaplan-Meier. The log-rank test
was used for comparison of survival curves. Relapse
mortality was: calculated by the Kaplan~Meier method as
cumulative incidence of deaths caused by leukemic relapse
after. Auto-PBSCT. For OS and DFS, the multivariate Cox
proportional hazard models were constructed by applying
the backward elimination method  for covariates with
p value less than 0.2 using the univariate Cox proportional
hazards model. A two-sided p value <0.05 was considered
to be statistically significant. All statistical analyses were

conducted using the SAS Ver 9.3 (SAS Institute Inc., Cary,
NC, USA).

Results

Engraftment, transplantation-related complications,
and secondary malignancy

The median number of infused CD344 cells was
4.3 x 10° cells/kg (range 0.9-20.8 x 10° cells/kg). There
was no significant difference in the number of infused
CD34+ cells among the risk groups (Table ). G-CSF was
given to 58 of 81 patients after transplantation. Engraft-
ment failure was not observed, and granulocytic engraft-
ment was rapid in all patients who were transplanted. The
median number of days to granulocyte (>0.5 x 10%/1) and
platelet (>20 x 10°/1) engraftment was 12 days (range
8-35 days) and 22 days (range 7 days, not reached),
respectively. Five of 81 patients died without platelet
recovery because of leukemic relapse (4, 6, 10, and
27 months after transplant) or cytomegalovirus pneumo-
nitis (6 months after transplant).

Major regimen-related toxicities were mucositis and
gastrointestinal toxicity, but most toxicities were less than
grade 3 by Bearman’s criteria and tolerable (Table 2). All
patients - suffered from fever during the  post-transplant
neutropenic periods. Three patients were diagnosed with
pneumonia, 2 with sepsis, and the other 76 patients were
diagnosed with febrile neutropenia. All patients showed
improvement, which was due ‘to effective courses of anti-
biotics: or anti-fungal agents: and rapid = granulocytic
recovery. None of the patients’ courses were complicated
by probable or proven fungal infections and viral infec-
tions, except for one case of cytomegalovirus pneumonitis
(Table 3). Two patients died from pulmonary diseases
6 months after Auto-PBSCT (cytomegalovirus pneumoni-
tis and interstitial pneumonitis) without relapse, namely
transplant-related death. Two patients developed secondary
malignancies; both were myelodysplastic syndrome. One
patient progressed to - transfusion-dependent  refractory

Table 2 Regimen-related °
toxicities :

Grade

0 1 2 3 4

Regimen—reléted toxicities (Bearman’s criteria) (n = 81)

‘Cardiac 79 0 2 0 0
Pulmonary 81 0 0 0
Stomatitis 47 30 1 0
Gastrointestinal 66 0 0
Hepatic 59 19 3 0 0
Renal 73 6 2 0 0
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Table 3 Transplant-related adverse events (infections and secondary
malignancies)

Transplant-related adverse events (n = 81)

Febrile neutropenia 76

Bacterial infection
Pneumonia
Sepsis

Fungal infection

- O N W

Viral infection

Secondary malignancies

Myelodysplastic syndrome i : 2

anemia 11 years after. Auto-PBSCT; that patient received
allogeneic PBSCT from sibling and is now alive. The other
patient progressed to refractory anemia 11 months after
Auto-PBSCT and finally died of leukemic progressmn
4 years after Auto-PBSCT. ~

Disease-free survival and overall survival

The DFS and OS of 81 patients are shown in Fig. la, b.
The 5-year DFS was 64.0 % [95 % confidence interval
(CI) 52.5-73.4], and the 5-year OS. was 66:4 % (95 % CI
54.9-75.6) after Auto-PBSCT at.a median follow-up time
of 103 months (range 3-240 months). The median follow-
up time in surviving patients :was 131:months (range
14-240 months). As shown in Fig. 2, the 5-year cumula-
tive relapse mortality .(RM) -was: 31.9% (95 % CI
22.8-43.4). Two. patients died of transplant-related pul-
monary complications 6 months after: Auto-PBSCT with-
out relapse.

The 5-year: DFS was also stratlﬁed by age. The 5-year
DFS was significantly higher in the. younger group of
patients aged 60 years or less (68.7 %, 95 % CI 56.8-78.0,
n = 74) than in that of the older-group (14.3.%, 95 % CI
0.7-46.5, n = 7) (log-rank p =0.0013) (Fig. 3a).

- According to.the cytogenetic risk groups, the S-year
DFS was: 80.8 % (95 % CI 51.4-93.4, n.=16) for the
good-risk group, 64.3 % (95 % CI 50.3-75.3, n = 56) for
the intermediate-group, and 33.3 % (95 % CI 7.8-62.3,
n = 9) for the poor-risk group, but there was no significant
difference statistically among these three groups (log-rank
p = 0.0579) (Fig. 3b).

There was no significant difference in the 5-year DFS
between 1 (65.6 %, 95 % CI 53.7-75.1, n = 76) and 2
courses (40.0 %, 95 % CI 5.2-75.3, n = 5) of the induc-
tion chemotherapy required to achieve remission
(p = 0.150). The usage of G-CSF at the PBSC collection

did not affect the 5-year DFS: 63.9 % with G-CSF (95 %

CI 51.2-742, n = 67) and 64.3 % without G-CSF (95 %
CI 34.3-83.3, n=14) (p = 0.542). We compared the
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5-year DFS by the interval from CR1 to transplantation; the
interval from CR1  to: transplantation was less than
4 months-in early transplant and.4. months or more in late
transplant, because the . median: interval from CR1 to
transplantation was 4.1 months in all 81 cases. There was
no significant difference in’ the 5-year- DFS between the
early transplant (56.6 %, 95 % CI-38.7-71.2, n-=-35) and
the late transplant (69.5 %, 95 % CI. 54.0-80.7, n = 46)
(p = 0.349). ~

Twenty-nine of 81 patients relapsed after Auto-PBSCT.
All those ' patients: - ultimately -died. ‘Fourteen patients
received allogeneic stem cell transplantation (Allo-SCT),
and 15 patients received only salvage chemotherapy. Inthe
Allo-SCT patients, 5 patients died of leukemia progression,
6 of Allo-SCT related complications, and 3 of unknown
causes. In the salvage:chemotherapy patients, 12 patients
died of leukemia progression, 1 of secondary myelodys-
plastic syndrome, 1 of complications from chemotherapy,
and 1 patient died of unknown causes.-

Prognostic factors affecting DES and OS

The results of the univariate analyses using. prognostic
factors are listed in Table 4. Younger age was a signifi-
cantly - better: prognostic factor- for DFS [hazard ratio
(HR) = 1.039; 95 % CI 1.011-1.067; p = 0.005] and OS
(HR = 1.042; 95 % CI 1.014-1.072; p = 0.003). The poor
risk by karyotype- group  had a ‘significantly worse prog-
nosis, ~as shown by DFS - (HR = 2.856; 95 % : CI
1.158-7.040; p =0.023) and OS: (HR = 2.672; 95 % CI
1.088-6.563; p = 0.032) compared to those in the good-/
intermediate-risk group. Unusually, patients with WBC
counts more than 10,000/pl at diagnosis had: better DFS
(HR =0.422; 95 % CI 0.181-0.980; p = 0.045) and OS
(HR ‘= 0.417;95 % CI0.180-0.967; p =0.042) compared
to those with WBC counts-less than 10,000/pl. Similarly,
patients with high LDH values at diagnosis had better DFS
(HR =0.354; 95 % CI 0.172-0.726; p = 0.005) and OS
(HR = 0.364; 95 % C10.177-0.746; p = 0.006) compared
to those with normal LDH values. The numbers of induc-
tion  chemotherapy ‘courses to.-achieve remission, use of
G-CSF for PBSC collection, cell number of CD34+ cells
infused, interval from CR1 to transplantation, and CD56
positivity at diagnosis did not affect the outcomes of Auto-
PBSCT for AML.

The details of the multivariable Cox proportional haz-
ards regression analyses are shown in Table 5. Covariates
with p value less than 0.2 using the univariate Cox pro-
portional hazards model, such as age, karyotype, numbers
of induction courses to remission, and WBC counts at
diagnosis, were sélééted for the multivariate Cox propor-
tional hazard models. As a result, only WBC counts at
diagnosis was the significant prognostic factor affecting
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(HR =.0.282; 95 % CI 0.103-0.774; p = 0.014) and OS
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to those with WBC counts less than 10,000/pl. The age,
karyotype, and numbers of induction courses to achieve
remission did not affect the outcomes of Auto-PBSCT for
AML in this multivariate analysis.
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Discussion

Although autologous SCT (Auto-SCT) has improved sur-
vival in some hematologic malignancies, including non-
Hodgkin’s lymphoma [8], Hodgkin’s lymphoma [9], and
multiple myeloma [10], the role of Auto-SCT in the
treatment of AML remains unclear. Several randomized
clinical trials comparing chemotherapy, Auto-SCT, and
Allo-SCT for treatment of AML were published in the
1990s [11-13]. The meta-analysis of these results did not
show superiority of Auto-SCT to chemotherapy with
regard to overall survival [14]. In those Auto-SCT proto-
cols, bone marrow (BM) was exclusively used as a source
of hematopoietic stem cells, and the rate of non-relapse
mortality was slightly higher than that of chemotherapy.
Moreover, there were some difficulties in salvage therapy
for leukemia relapse after Auto-SCT. There were also some
problems in the randomized control trials. In some reports,
only about one-third of the patients were allocated to ran-
domization, and, despite the intent-to-treat analysis, about
one-third of the patients in the transplantation group did not
receive transplantation due to various reasons [11, 12, 15].

In the 1990s, the source of stem cells changed from BM
to PBSC in Auto-SCT to treat various types of malignancy.
A more rapid hematopoietic recovery after Auto-PBSCT
and subsequent decreases in infectious and hemorrhagic
complications are advantages of Auto-PBSCT over autol:
ogous bone marrow transplantation (Auto-BMT).
However, there are only a few reports of clinical trials of
Auto-PBSCT for AML. Tsimberidou et al. [16] reported a
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prospective randomized. trial comparing Auto-PBSCT and
maintenance chemotherapy, but only 19 out of 120 patients
in total received Auto-PBSCT. In a more extensive pro-
spective clinical trial of the European Intergroup reported
by Biichner et al. [17], only 24 % of patients received the
assigned Auto-PBSCT: Recently, a retrospective analysis
of the Center for International Blood and Marrow Trans-
plant Research (CIBMTR) data of AML in CR1 comparing
Auto-PBSCT (n = 230) and HLA-matched sibling BMT
(n = 475)/PBSCT (n = 428) has been published [18]. The
5-year survival rates after Auto-PBSCT, allogeneic BMT
(Allo-BMT), and allogeneic PBSCT (Allo-PBSCT) were
54, 64, and 59 %, respectively, but there were no signifi-
cant differences among them. Although the relapse rate
after Auto-PBSCT was significantly higher than those of
Allo-BMT/PBSCT, the significantly lower transplant-rela-
ted mortality (TRM) after Auto-PBSCT compensated for
the survival disadvantage due to the high relapse rate.
Since these data were not obtained through a prospective
study, the place of Auto-PBSCT as a postremission therapy
for AML has not been well established in the PBSCT era.

High-dose or.myeloablative chemotherapy supported by
Auto-SCT is the most intensive treatment modality for
leukemia when the safety of the treatment is assured in
postremission therapy. Factors increasing anti-leukemic
effects include the more effective pretransplant condition-
ing and less contamination of the autograft with leukemic
stem/progenitor cells. The combination of busulfan/cyclo-
phosphamide and total body irradiation/cyclophosphamide
are’ major preparative conditioning regimens frequently
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used for Allo-SCT, but the most effective conditioning
regimen for Auto-SCT remains controversial [19]. The
priming effect of G-CSF to increase the chemosensitivity
of myeloid leukemic cells to cytarabine, an S-phase-spe-
cific anti-leukemic agent, was already reported in vitro [20]
and applied to chemotherapy and Allo-SCT [21, 22].
Moreover, it is possible that G-CSF enhances the chemo-
sensitivity of leukemic stem/progenitor cells by mobilizing
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them into circulation from the bone marrow niche [23]. For
these reasons, our pretransplant conditioning adopted
G-CSF priming, and the toxicities of this conditioning
regimen were tolerable. k

On the other hand, focus must be directed at preventing
contamination of leukemic stem/progenitor cells into the
graft. A recent report has pointed out the higher incidence
of relapse in patients transplanted with PBSC, especially
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Table 4 Univariate analyses of
prognostic factors

DFS disease-free survival,

OS overall survival, HR hazard
ratio, CI confidence interval,
G-CSF granulocyte colony-
stimulating factor,

PBSC peripheral blood stem
cell, CRI first complete
remission, WNL within normal
limits

* Overall p value

Table 5 Multivariate analyses
of prognostic factors

Backward elimination method
was used to select the final
multivariate models with
characteristics whose p value in
the ‘univariate analysis were less
than 0.2

DFS disease-free survival, -
OS overall survival, HR hazard
ratio, CI confidence interval

* Overall p value
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Parameter DFS (o o
HR (95 % CI) p value HR (95 % CI) pvalue
Age .
Per 1 years 1.039 (1.011-1.067) 0.005 1.042 (1.014-1.072)" - 0.003
Karyotype -
Good 1 0.074* 1 0.056*
Intermediate 1.620 (0.556-4.719) 1.591 (0:546-4.637)
Poor 3.939 (1.105-14.038) 4,151 (1.162-14.828)
Good/intermediate 1 1 k T
Poor 2.856 (1.158-7.040) 0.023 2.672 (1.088-6.563) 0.032
No. of induction courses to remission
1 course 1 1
2 courses 2.339 (0.709-7.722) 0.163 2.219 (0.671-7.336) 0.191
G-CSF for PBSC mobilization G
Yes 1 1 ;
No 1.299 (0.560-3.016) 0.543 1.351 (0.581-3.138) . - 0.485
No. of CD34 + cells infused
<4, x 10%kg 1 1
>4 x 10%g 0.867 (0.388-1.937) 0.728 0.852 (0.382-1.904) 0.697
Interval from CRI to transplant
=4 months 1 1
<4 months 1.399 (0.691-2.833) 0.351 1.399 (0.691-2.833) 0.351
WBC counts at diagnosis
<10,000 1 1
210,000 0.422 (0.181-0.980) 0.045 0.417 (0.180-0.967) 0.042
LDH values at diagnosis
WNL 1 1
High LDH 0.354 (0.172-0.726) 0.005 0.364 (0.177-0.746) 0.006
CD56 expression at diagnosis
Normal 1 1 0.636
High 0.603 (0.208-1.753) 0.353 0.580 (0.200-1.684) 0.316
Parameter DFES oS
HR (95 % CI) p value HR (95 % CI) p value
Age
Per 1 years 1.025 (0.992-1.059) 0.143 1.027 (0.993-1.061) 0.117
Karybtype )
Good™ " 1 0.107* 1 0.081*
Intermediate 2.365 (0.579-9.659) 2.039 (0.533-8.585)
Poor 0 16,242 (1.087-35.851) 6.523 (1.150-36.999)
Numbers of induction courses to remission | ' i
~ lcourse - 1 o 1
2 courses 3.563 (0.701-18.105) 0.126 " '3.135 (0.622-15.788) ‘ 0.166
WBC counts at diagnosis ' ‘ ‘ ' ‘
<10,000 1 1
"~ 210,000 0.282 (0:103-0.774) 0.014 0.273 (0.100-0.746) o 0.011
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those harvested during the earlier phase of treatment [24].
They reported that relapse rates were 56 % iny patients
receiving Auto-PBSCT within 80 days after CR1, 46 % in
those receiving Auto-PBSCT more than 80 days. after CR1,
and 39 % in those receiving Auto-BMT, and the differences
among these three groups of patients were significant.
However, they did not mention the induction and consoli-
dation chemotherapy regimens, timing of PBSC harvest, and
transplantation procedures in detail. Previously, we reported
the efficacy of repetitive consolidation with'an intermediate
dose of cytarabine to minimize minimal residual disease in
PBSC harvests from AML patients with t(8;21) chromo-
somal abnormality [25]. In this study, we used PBSC auto-
grafts obtained after the second round of consolidation
chemotherapy with an intermediate dose of cytarabine to
reduce the risk of leukemia contamination in the PBSC
autografts through so-called in vivo purging [5]. Conse-
quently, as shown in Fig. 2, the 5-year RM was 31.9 %.
We presented the long-term outcomes of AML patients
in CR1 treated with HDCT followed by Auto-PBSCT;
5-year OS and DFS were 66.4 and 64.0 %, respectively. As
shown in Fig. la, b, their survival curves are at a plateau.
These data bear comparison to those of Allo-SCT reported
by CIBMTR cited above [18]. Recently, low incidences of
TRM after Auto-PBSCT (less than 5 %) have been reported
and appear to contribute to improved outcomes [26]. In our
data, only two 2 of 81 patients died of transplant-related
complications. These data suggest. that Auto-PBSCT may
be an acceptable alternative to HLA-matched sibling donor
transplantation for patients with AML in CR1, but close
attention should be paid to secondary malignancies.
Although patients with CBF-AML are generally con-
sidered to have a good prognosis and may be cured with
standard chemotherapy, a subgroup of them with c-kit
mutation and a CD56 positive phenotype showed poor
prognosis with a high relapse rate [27]. The European
Group for Blood and Marrow Transplantation published a
retrospective  analysis of patients with CBF-AML who
received Auto-SCT or Allo-SCT in CRI1 [28]. Transplant
outcomes were similar after Auto-SCT and Allo-SCT; the
S-year DFS rates' of AML patients with inv 16 were 66 and
59 %, respectively, and those of AML patients with t(8;21)
were 66 and 60 %, respectively. Meanwhile, an interme-
diate-risk group of AML with normal karyotype shows
various clinical features, and the fit-3 mutation is consid-
ered to be one of the risk factors for poor prognosis [29].
Several reports suggest that high-dose chemotherapy with
Auto-SCT may overcome p‘oor prognostic. factors, such as
c-kit and flt-3 mutations, in subgroups of AML [30]. In our
study, 5-year DFS rates of good-risk and intermediate-risk
patients were 80.8 and 64.3 %, respectively (Fig. 3b).
Although our results regarding Auto-PBSCT for good-risk
and intermediate-risk AML are also promising, risk factors
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such as high-risk chromosomal abnormalities and advanced
age are difficult to overcome, even with HDCT followed by
Auto-PBSCT, as previously reported [31].

HDCT supported by Auto-PBSCT is a modified type of
chemotherapy, since it lacks graft-versus-leukemia effects.
Concerning the safety of transplantation procedures, Auto-
PBSCT is characterized by rapid hematopoietic recovery,
which can reduce treatment-related toxicities and.infec-
tious complications. Intravenous busulfan is expected to
minimize serious adverse effects without loss of anti-leu-
kemic activity [32]. These refinements will be beneficial to
increase the safety of Auto-PBSCT and expand the clinical
indication of Auto-PBSCT.

In conclusion, our observations have demonstrated the
safety and efficacy of Auto-PBSCT for treatment of good-
risk and intermediate-risk AML in CR1 and suggest that
HDCT with Auto-PBSCT may be used as a postremission
therapy. A prospective study will be necessary to know
whether HDCT with Auto-PBSCT will influence outcomes
in the treatment of AML. Currently, we are conducting a
prospective randomized clinical trial comparing HDCT
with Auto-PBSCT with high-dose cytarabine as postre-
mission therapy for patients with AML in CR1.
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Abstract

Background: Allogeneic hematopoietic stem cell transplantation (HSCT) for patients with Philadelphia
chromosome (Ph)-negative acute lymphoblastic leukemia (ALL) in first complete remission (CR1) is much more
intensive than multi-agent combined chemotherapy, although allogeneic HSCT is associated with increased
morbidity and mortality when compared with such chemotherapy. Minimal residual disease (MRD) status has been
proven to be a strong prognostic factor for adult patients with Ph-negative ALL.

Methods: We investigated whether MRD status in adult patients with ALL is useful to decide clinical indications for
allogeneic HSCT. We prospectnvely monitored MRD after induction and consolidation therapy in adult patients with

Ph-negative ALL.

allogeneic HSCT in the treatment of ALL in CRI1.

Results: Of 110 adult ALL patients enrolled between July 2002 and August 2008, 101 were eligible, including 59
Ph-negative patients. MRD status was assessed in 43 patients by the detection of major rearrangements in TCR and
fg and the presence of chimeric mRNA. Thirty-nine patients achieved CR1, and their probabilities of 3-year overall
survival and disease-free survival (DFS) were 74% and 56%, respectively. Patients who were MRD-negative after
induction therapy (n = 26).had a significantly better 3-year DFS compared with those who were MRD-positive
(n=13; 69% vs. 31%, p = 0.004). All of 3 patients who were MRD-positive following consolidation chemotherapy
and did not undergo allogeneic HSCT, relapsed and died within 3 years after CR.

Concdlusions: These results indicate that MRD monitoring is useful for determining the clinical indications for

Keywords: Acute lymphoblastic leukemia, Minimal residual disease, Hematopoietic stem cell transplantation, Adult

Background ;

Although more than 80% of adult patients with Philadelphia
chromosome (Ph)-negative acute lymphoblastic Jeukemia
(ALL) achieve complete remission (CR) with conventional
induction therapy, their 5-year survival is only 30%—40%.
Leukemia relapse is the most.common cause of treatment
failure in- ALL [1-6]. Therefore, post-remission therapy is

* Correspondence: knagafuji@med kurume-u.acjp

'Division of Hematology and Oncology, Department of Medicine, Kurume
University School of Medicine, 67 Asahi-machi, Kurume 830-0011, Japan
Full list of author information is available at the end of the article
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necessary and should be optimized in the treatment of
adult ALL patients. If prognosis of patients with ALL in
CR1 is estimated to be favorable, chemotherapy is usually
continued to prevent leukemia relapse. However, patients
with less favorable prognosis should be treated more ag-
gressively [7]. Although allogeneic hematopoietic stem cell
transplantation (HSCT) for patients with ALL in CR1 is
much more intensive than multi-agent combined chemo-
therapy, it is associated with increased morbidity and mor-
tality when compared with such chemotherapy.

© 2013 Nagafuji et al licensee BloMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (httpr//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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Minimal: residual ‘disease’ (MRD) status-has been- proven’.
to be a strong prognostic factor for- adult patients with Ph-

negative ALL [8-14]. In this study, we prospectively moni-

tored the MRD status after CR induction and consolidation-
chemotherapies in adult patients with Ph—negatlve ‘ALL to

determme the clinical indications for. allogenelc HSCT.

Patients & methods

Patient eligibility criteria’ .

A total of 110 adult ALL patlents were enrolled in this
study between July 2002 and August 2008 on the basis
of the following eligibility criteria: non-L3 ALL, 16-65
years of age, an Eastern Cooperative Oncology Group
performance status of 0-2, and adequate liver and kid-
ney function (serum bilirubin, <2.0 mg/dl and serum
creatinine, 2.0 mg/dl, respectively). Cytogenetic studies
were performed on pretreated bone marrow or unstimu-
lated blood samples using the standard banding tech-
nique. The treatment protocol was approved by the
institutional review board of each participating hospital.
Written informed consent was obtained from all patients
in accordance with the Declaration of Helsinki. Of the
110 patients enrolled, 42 were excluded from the study
because of Ph-positivity, 5 because of misdiagnosis, 2 be-
cause of infectious complications, and 1 each because of
liver damage and protocol violation. The remaining 59
patients were Ph-negative.

Treatment )

We used a modified CALGB 19802 [15,16] treatment
protocol that comprised 6 courses of chemotherapy admi-
nistered in the order of A-B-C-A-B-C regimens, followed
by a maintenance phase. Induction chemotherapy (course
A) was a 21-day course consisting of cyclophosphamide
(CPM; 1200 mg/m2 on day 1), daunorubicin (DNR; 60 mg/
m? on days 1, 2, and 3), vincristine (VCR;1.3 mg/m2 [max-
imum 2 mg] on days 1, 8, 15, and 22), L-asparaginase
(3000 U/m?® on days 9, 11, 13, 16, 18, and 20), and prednis-
olone (PSL; 60 mg/m* [max 100 mg]). Granulocyte-colony
stimulating factor (nartograstim) was administered starting
from day 4 and continued until-neutrophil recovery. For
patients aged “55 years -or older, ‘the doses of CPM and
DNR were reduced to 500 mg/m? and 50 mg/m? respect-
ively. Furthermore, PSL therapy was shortened to 7 days in
these patients. The first consolidation therapy (course B)
consisted of mitoxantrone (MIT; 10 mg/m? on days 2 and
3), cytarabine (AraC; 2000 mg/m?*/day on days 1, 2, 3, and
4) and intrathecal administration of ‘methotrexate (MTX;
15 mg/body on day 1). For patients aged 55 years or older,
the doses of MIT and AraC were reduced to 7 mg/m>
and 1500 mg/m?*/day, respectively. The second consoli-
dation therapy (course C) consisted of VCR (1.3 mg/m?>
[max 2 mg] on days 1, 8, and 15) and MTX (1500 mg/m?
on days 1, 8, and 15) with leucovorin rescue and intrathecal
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MTX on days 1, 8, and 15. The patients received the fol-

~ lowing maintenance chemotherapy on a monthly basis:

PSL, 60 mg/m* on days 1-5; VCR, 1.3 mg/m? (max 2 mg)
on day-1; oral MTX,;20 mg/m weekly; and oral 6-mercap-
topurine, 60" mg/m dally 'MRD status was evaluated after

.. the induction therapy. (first course A) and after the second

consolidation therapy (first course C). Patients with posi-
tive MRD following the second consolidation therapy were
considered to be indicated for allogeneic HSCT as soon as
possible. Eligible donors included HLA-identical related,
HLA-identical unrelated donors from Japan Marrow Do-
nation Program, and cord blood from Japan Cord Blood
Bank Network. Conditioning before-allogeneic HSCT and
prophylaxis for graft-versus-host disease was performed
according to each institutional standard.

MRD analysis

Real-time quantitative polymerase chain reaction (RQ-PCR)

analysis of chimeric mRNA

mRNA from bone marrow cells were analyzed for. the
presence of major. and. minor BCR/ABL, TEL/AMLI,
MLL/AF4, MLL/AF9, MLL/AF6, MLL/ENL, E2A/PBXI,
and SIL/TALI chimeric genes. Samples were amplified
by RQ-PCR and quantified by parallel amplification of
serial dilutions of transcript-containing plasmids [17,18].

PCR analysis of TCR/Ig rearrangement

High-molecular weight DNA from marrow cells was ini-
tially screened for major rearrangement patterns of TCRy,
TCRS, and Igx, and secondarily screened for rearrange-
ments in Ig heavy chain (IgH), using previously described
primers [19-21]. Two-step (nested) PCR for MRD quanti-
fication was performed using allele-specific oligonucleo-
tide (ASO)-primers based on the sequence of PCR
screening products, which had clonal recombinations by
heteroduplex analyses. Prior to PCR analysis, DNA sam-
ples from post-treatment bone marrow samples and DNA
from the samples obtained at diagnosis were serially
diluted (between 1072 and 107°) with buffy coat DNA
from eight healthy volunteers. Buffy coat DNA was also
used as a control for nonspecific amplification of compar-
able ‘Ig/TCR 'arrangements. present-in normal cells.-All
PCR reactions were: performed ‘simultaneously and ana-
lyzed using ethidium staining and agarose gel electrophor-
esis; MRD was quantified by comparing the intensities of
band signals on an agarose gel stained with -ethidium
bromide without amplification of 'the background. MRD
quantifications were performed using ASO-primers with a
sensitivity of <1 x 107, and MRD positivity was defined as
a lower limit of detection of >1 x 1072,

Statistical analysis
Statistical analyses of the data accumulated. throughout
October 2011 were performed. Overall survival (OS) was
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defined as the time between diagnosis and the end of
the trial or death, and disease-free survival (DFS) was
defined as the time from CR to relapse or death while
still in CR. Survival curves were estimated using the
Kaplan—Meier method, and the statistical significance of
differences in survival was determined using the log-
rank test, ~ :

The influence of prognostic factors including age,
white blood cell (WBC) count, and MRD status on DFS
was estimated with multivariate Cox regression analysis.
The level of statistical significance was set at 0.05.

Results

Treatment outcome

The median follow-up time was 1134 days (range, 14-3248
days). A total of 59 patients were Ph-negative (29 males
and 30 females), and their median age was 35 years ranging
from 16 to 63. The median white blood cell count at pres-
entation was 11.0 x 10%/L (range 0.9-409). CR was achieved
in 47 patients (80%). Six patients died during induction;
their ‘causes of death included sepsis (n='3), pneumonia
(n =2), and other (n =1). There were 29 survivors after the
median follow-up period. The probability of 3-year OS and
DFS in these patients with Ph-negative ALL was 59% and
52%, respectively (Table 1).

Relationship between MRD status and treatment
outcomes ' ‘

Among the 59 Ph-negative ALL patients, 43 patients (73%)
could be monitored for MRD status, and the remaining 16
patients were not because 10 had no clonal TCR/Ig targets
or chimeric mRNA and 6 did not provide sufficient DNA
or RNA from their samples. The MRD status of 43 patients

Table 1 Patient characteristics and clinical outcome

Ph negative Ph negative
& known
MRD status
Total No. patients 59 43
Sex, No. (%)

Male 29 (49) 21 (49)
Female 30 (51) 22 (51)
Median Age, (range) 35 (16-63) 31 (17-63)
Median WBC count, x10%/L, (range) 11.0 {0.9-409) 10.6 (1-409)

Immunophenotype, No. (%)
B-lineage 45 (76) 36 (84)
T-lineage 14 (24) 7 (16)
CR rate, No. (%) 47 (80) 39 (91)
3-years OS (%) 59 74
3-years DFS (%) {1 52 56

MRD, minimal residual disease; Ph, Philadelphia chromosome; CR, complete
remission; OS, overall survival; DFS, disease-free survival. :
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(21 males and 22 females; median age: 31 years, ranging
from 17 to 63; median WBC count at presentation: 10.6 x
10°/L ranging 1-409) was determined by PCR analysis of
major gene rearrangements and/or chimeric mRNAs (15
were positive for TCR)/, 6 for TCRS, 6 for Igr, 11 for IgH, 1
for TCRy and TCRS, 1 for TCRS and IgH, 1 for E2A-PBX,
1 for MLL-AF4, and 1 for MLL-ENL). CR was achieved in
39 of these 43 patients with known MRD status (91%). The
median follow-up time was 1421 days (range, 162-3248
days). The probability of 3-year OS and DFS in the
Ph-negative patients with known MRD status was 74% and
56%, respectively (Table 1). In terms of CR1 status, MRD-
negative: patients after induction-chemotherapy A in the
first ‘course (n=26) showed a better 3-year DFS (69%)
compared with MRD-positive patients (n=13; 31%), as
shown in Figure 1. The difference was statistically signifi-
cant (p=0.004). MRD-negative ‘patients also showed a
significantly lower 3-year relapse rate compared - with
MRD-positive patients (28% vs. 58%, p = 0.031).

There was no patient who. proceeded. to allogeneic
HSCT among 26 MRD-negative patients after induction
therapy in CR. In contrast, patients who were MRD-
positive after induction but became MRD-negative after
consolidation chemotherapy C in the first course (n=7)
showed a significantly worse 3-year DFS compared with
patients who were MRD-negative after induction chemo-
therapy A in the first course (29% vs. 69%, p = 0.004), as
shown in Figure 2. Among 7 late-attained MRD-negative
patients, three patients proceeded to allogeneic HSCT
when MRD status became positive again under mainten-
ance ‘therapy. Six patients were MRD-positive -after con-
solidation chemotherapy C in the first course, and -3
patients among them proceeded to allogeneic HSCT,
while other 3 patients did not because of lack of a suitable
donor (n =1) and of patients’ refusal to allogeneic HSCT
(n=2). All of 3 MRD-positive patients who did not
undergo allogeneic HSCT, relapsed and died within 3
years after CR, whereas 2 of 3 patients those who received
allogeneic HSCT gave DFS at 3 years. Table 2 shows the
results of multivariate Cox regression analysis for DFS in
43 MRD-evaluable patients. The analysis indicates that
age (235 years vs. <35 years: Hazard ratio (HR) 5.067, and
p =0.005) and MRD status. after induction therapy (posi-
tive vs. negative: HR 8.769, and p < 0.001) were significant
prognostic factors, whereas WBC count (230 x 10°/L vs.
<30 x 10°/L: HR 1.496, and p = 0.505) or MRD status after
consolidation therapy (positive vs. negative: HR 0.675, and
p = 0.556) was not.

Discussion

Compared with treatments for childhood ALL, those for
adult "ALL" are farless effective [22], ‘and allogeneic
HSCT is frequently recommended as the most potent
post-remission therapy for ALL patients in CR1 [23].
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