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Fig 2. Analysis of the rates of OS, EFS and cumulative incidence functions of CIR and death without relapse in patients treated with the AML99-M3
protocol. (A) OS and EFS rates of total patients; (B) EFS rates of patients with WBC count > 10 X 10°/1 or <10 % 10°/1 at diagnosis; (C) EFS rates of
patients with a platelet (PLT) count <40 x 10°/1 or >40 x 10°/1 at diagnosis. No significant difference was found in the EFS rates of patients with and
without these risk factors. (D) the cumulative incidence functions of CIR (solid line) and death without relapse (dotted line). [Correction added on 1
October 2010, after first online publication: The data in Figure 2B was amended.]

Table II. Incidence of adverse effects and periods of neutropenia.

Consolidation

Induction Block 1 Block 2 Block 3 Maintenance
No of assessed patients 55 54 54 53 49
Deterioration of DIC with serious haemorrhages, % 72 0 0 0 0
Sepsis, % 1-8 92 109 56 0
Infection of any site, % 10-8 14:5 14-8 159 10-2
RA syndrome, % 7 0 0 0 0
Consciousness impairment and/or convulsion, % 36 1-8 0 0 0
Severe headache or nausea, % 236 11-1 129 13-2 81
Dysuria, % 0 0 0 37 0
Duration of ANC < 0-5, days 17:2 143 161 161 0
Duration of ANC < 0-1, days 63 10 10-3 109 0

DIC, disseminated intravascular coagulopathy, RA syndrome, retinoic acid syndrome; ANC, absolute neutrophil count, x10°/1.

In the evaluation of late cardiotoxicity, echocardiography
and electrocardiogram were performed in 18 patients, of
whom one patient showed asymptomatic prolongation of the
QTc interval in the electrocardiogram. Except for this
patient, no clinical symptoms of late cardiotoxicity was seen
in other patients including those who did not receive
examinations. As of May 2010, no patient had developed
t-MDS/AML.

MRD monitoring

In 17 patients, including six with WBC count > 10 x 10”1,
MRD monitoring was performed at the initial onset and
subsequently every 3 months; the monitoring period was an
average of 13-6 months. As a result, MRD levels became
undetectable (lower than 107°~10*) after consolidation Block
1 in 16 patients (94%) and another PCR-positive patient
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Table II1. Characteristics of patients with early death or relapse.

Age Breakpoint of

Patients (years) Sex WBC PLT PT  APTT Fibrinogen D-dimer FAB PML-RARA Clinical course Qutcome

1 15 M 12 55 125 286 0-65 65 300 M3 berl ICH at 15 d in Death at 24 d
induction

2 4 F 1710 28 147 259 102 6200  M3v  ber3 BM relapse at Alive at 83 months
15 months in
maintenance and
then BMT in
2CR

3 14 M 62-4 4 146 304 0-79 17 400 M3v n.e. ICHat2d Death at 16 d

4 11 F 21 39 1110 271 1-00 35 000 M3  ne. Pseudomonas Death at 5 months
sepsis and
meningitis after
four courses of
consolidation

5 12 M 1-8 16 145 269 1-10 6500 M3  ne BM relapse at Death at 24 months

19 months and
then ICH during
subsequent
treatment

WBC, white blood cell count (x10°/1); PLT, platelet count (x10°/1); PT, prothrombin time (s); APTT, activated partial thromboplastin time (s)
Fibrinogen, mg/dl; D-dimer, pg/ml. FAB, French-American-British classification; ICH, intracranial haemorrhage; BM, bone marrow; BMT, bone

marrow transplantation; 2CR, 2nd complete remission; n.e., not evaluated.

became PCR-negative after 6 months of therapy. No patient
that was monitored for MRD exhibited re-conversion to PCR-
positivity.

Discussion

APL with the PML-RARA chimaeric gene is more homogenous
than other types of AML and, for infrequent childhood APL,
therapy has been often considered together with that of adult
patients. However, for paediatric patients, who typically have
physiological differences from adults, it has not been thor-
oughly understood whether the combination of cytarabine
with ATRA and anthracyclines would be effective in terms of
long-term prognosis.

As shown in Table IV, recent clinical studies of childhood
APL, in which patients were enrolled from the mid-1990s to
the early 2000s and followed up for median periods of
36 months or longer, were compared to our study (de Botton
et al, 2004; Ortega et al, 2005; Testi et al, 2005). In all of these
studies, induction therapy with administration of ATRA and
anthracyclines with or without cytarabine achieved CR rates at
>90% and incidence of early death at <10% respectively. In the
state-of-the-art treatment guidelines (Sanz et al, 2009), anth-
racyclines should start together with ATRA (or as soon as
possible) in high-risk patients. Regarding drug dosages and
clinical parameters, the adjusted cumulative dosage of anth-
racyclines of our study (375415 mg/m”) was lower than other
studies (390-750 mg/m”), while that of cytarabine varied to a

94

large extent among studies. Regarding long-term survival,
other three studies presented EFS rates of 71-82% despite OS
rates at around 90%, whereas our study achieved a 7-year EFS
of 91-4% (Table IV). Accordingly, the 7-year CIR of our study
(3:6%) was lower than reported by other studies (15:6-27%)
(Table IV). Moreover, none of our patients suffered EM
relapse, whereas the other studies reported five patients with
EM relapse (skin, middle ear or CNS; Table IV). In our study,
one patient exhibited asymptomatic prolongation of QTc
interval, which may be associated with late effects of anthra-
cyclines. One other study (Testi et al, 2005) reported that two
patients developed t-MDS after 36 and 80 months from
diagnosis.

In post-remission therapy studies including chemotherapy-
based consolidation without ATRA, recurrent disease might
develop late in the course, such as seven clinical relapses that
occurred over 4-36 months in the APL93 study (de Botton
et al, 2004) or 14 haematological and five molecular relapses at
the median of 26 and 31 months respectively, in the AIDA
(ATRA and idarubicin) study (Testi et al, 2005). The PET-
HEMA (Programa para el Estudio y Tratamiento de las
Hemopatias Maligna) group reinforced the consolidation
therapy of LPA96 study with single anthracycline agent by
adding ATRA and increased dosage of idarubicin for inter-
mediate and high-risk patients (LAP99 study). (Ortega et al,
2005) These reports indicated that addition of ATRA to
anthracycline-based consolidation therapy improved the prog-
nosis of APL patients, especially those with risk factors,
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Table IV. Comparison of AML99-M3 with recent studies on childhood APL.

Reports de Botton et al Testi et al Ortega et al Imaizumi et al
Protocol APL93 AIDA LPA96/LPA99 AML99-M3
Year 2004 2005 2005 This study
Period of enrollment 1993-1998 1993-2000 1996-2004 1997-2004
Median follow-up time 67 months 79 months 38 months 86 months
No. of patients 31 110 66 58
Proportion of patients with 48% 35% 39% 38%
WBC 210 x 10%/1
Therapy
Induction 1) ATRA — DNR + CA* ATRA + IDA ATRA + IDA ATRA + DNR + CA
2) ATRA+DNR + CA*
Consolidation 1) DNR + CA 1) IDA + HCA 1) IDA + ATRAYT 1) ATR + MIT + HCA}
2) DNR + HCA 2) MIT + VP-16 2) MIT + ATRAY 2) ATRA + THP + CAf

Maintenance

Dosage of anthracyclines
(mg/m?)

Anthracycline dosage
converted to DNR
(mg/m?)]

Cumulative dosage of
cytarabine (mg/m?)

Cumulative dosage of
ATRA (mg/m”)

Incidence of headache/
pseudotumour cerebri
(%)

Clinical outcome

Early death (%)

CR rate (%)

CIR (%)

Extramedullary relapse
(sites)

Overall survival rate (%)

Event-free survival rate
(%)

Late cardiotoxicity

Secondary malignancy

(=) or ATRA + MP/MTX$
DNR (495)

495

10800
1350-6750

39/16

3

97

27 (5 years)
1 (skin)

90 (5 years)
71 (5 years)

No
No

3) IDA + CA + 6TG
ATRA or MP/MTXS$
IDA (80), MIT (50)

390-650

6250
750-6150

13/9

36

96

NA

2 (middle ear)

89 (10 years)
76 (10 years)

No
2 (tMDS)

3) IDA + ATRAT
ATRA + MP/MTX
IDA (80-100), MIT (50)

390-750

3750-4875

30/6

7'5

92

17 (5 years)
2 (CNS)

87 (5 years)
82 (5 years)

No
No

3) ATRA + ACM + HCA}

ATRA alone

DNR(135), MIT(20),
THP(90), ACM(180)

375-415

68000

5940

24/5

34

966

36 (7 years)
0

931 (7 years)
91+4 (7 years)

1**

No

DNR, daunorubicin; IDA, idarubicin; MIT, mitoxantrone; THP, pirarubicin; ACM, aclarubicin; CA, cytarabine; HCA, high-dose CA; MP, mer-
captopurine; MTX, methotrexate; CR, complete remission; CIR, cumulative incidence of relapse; CNS, central nervous sytem; tMDS, therapy-related

myelodsysplastic syndrome; NA, not available.
*Patients with WBC <0-5 x 10°/] were randomized to 1) or 2), and those with WBC >0-5 x 10°/1 assigned to 2).
tIn LPA96 anthracyclines alone; in LPA99 ATRA was combined and IDA dose was increased for intermediate and high-risk patients.

1Each course was repeated twice.

§Patients were randomized.

Y[Equivalent DNR doses were converted using ratios in1:3—1:5 for IDA/MIT, 1:1-6 for THP and 1:0-2 for ACM.
**One patient with asymptomatic prolongation of QTc interval in the examination with electrocardiogram.

although the trial to add cytarabine to ATRA and anthracy-

cline-based consolidation remains undetermined.

In our study, which combined cytarabine with ATRA and
anthracyclines both in induction and consolidation, the long-
term outcome was improved and showed a low CIR level.
Moreover, by adopting prarubicin (Lenk et al, 1990) and
aclarubicin (Warrell, 1986), two agents of anthracyclines with

relatively low acute cardiotocicity, the cumulative doses of

anthracycllines were lowered to levels that did not exceed

© 2010 Blackwell Publishing Ltd, British Journal of Haematology, 152, 89-98

moderate dosages (approximately 300-550 mg/m?). Late
abnormalities of left ventricular performance were uncommon
with cumulative anthracycline doses <300 mg/m?, but late
cardiotoxicity might be an important concern in patients with
moderate or higher dosages.( Sorensen et al, 1997; Nysom
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et al, 1998) However, our study included one patient who
showed asymptomatic electrocardiographic changes of QTc
prolongation which may be associated with late effects of
anthracyclines (Bagnes et al, 2010) and, therefore, cautious
observation might be important for children with a long
prospect of survival.

It is to be noted, however, that our regimen with six
reinforced courses of consolidation led to increased risks of
infectious complications attributable to the prolonged dura-
tion of neutropenia. The incidence of sepsis in our study
(5:6-10-9% in each consolidation block) was higher than that
(33-6:6% of incidence) reported by the PETHEMA study
(Ortega et al, 2005). Although all but one of patients in
remission recovered from sepsis with treatment, the compli-
ance of the regimen was decreased in five patients with
inevitable omission or dose-reduction of Block 3 consolidation
because of chemotherapy-related toxicities. On the basis of the
decreased MRD shown during this combined consolidation
therapy, the intensity of consolidation therapy should be
adjusted to ensure safety. In the ongoing trial in Japan that
succeeded AML99-M3, the intensity of consolidation therapy
has been reduced from six to four courses, and the effects of
this will be compared to AML99-M3.

Recently, the European APL Group suggested the possibil-
ity of additional cytarabine to reduce the chance of relapse
for patients with APL.(Adeés et al, 2006) More recently, in the
comparative analysis between APL2000 trial with additional
cytarabine and LPA99 trial without cytarabine, the 3-year OS
and CIR of high-risk patients were respectively, 91:5% vs.
80:0% and 9:9% vs. 18-5%.(Ades et al, 2008) Furthermore,
the PETHEMA group also demonstrated that the risk-
adapted treatment with ATRA, idarubicin and cytarabine
for high-risk patients significantly improved the 3-year CIR
(11%) when compared to that (26%) of their previous
study.(Sanz et al, 2010) These findings suggest an importance
of risk-adapted treatment and additional cytarabine for high-
risk patients.

While EM relapse involving mostly CNS occurs at an
incidence of 1-5% (Liso et al, 1998; Ko et al, 1999; Specchia
et al, 2001; Breccia et al, 2003), at least one in 10 relapses of
APL have a CNS component (Sanz et al, 2009). For 81 children
with relapse reported in the literature, six patients (7-4%) had
CNS involvement and the incidence of isolated CNS of good
risk patients was as low as 2/218 (0-92%).(Chow & Feusner,
2009) In a European study, which reported 169 relapses (23%)
in 740 patients (de Botton et al, 2006), the 3-year cumulative
incidence (5-0%) of EM relapse was more frequent in patients
with  WBC count > 10 x 10%/l, suggesting that high-risk
patients may benefit from IT therapy for CNS prophylaxis.
Accordingly, IT therapy was performed for high-risk patients
(Sanz et al, 2005; Ades et al, 2008), whereas IT therapy for
CNS prophylaxis is not currently recommended for low-risk
patients (Chow & Feusner, 2009). As high-dose cytarabine
could have contributed to the prevention of CNS relapse
because of a high penetration property into the CNS, TI

therapy for low-risk patients would be omitted in our regimen
while holding CIR at low levels.

Secondary malignancy is another emerging problem, even if
at low levels, for APL patients as their survival is prolonged.
The PETHEMA LPA99 study, with 560 subjects, identified
nine patients with second malignancies, including six t-MDS/
AML, at a median interval of 41 months.(Sanz et al, 2008)
More recently, the European APL group reported the very
long-term outcome of 578 patients with a median follow-up of
10 years, in which the cumulative incidence of secondary
tumours and t-MDS was 1-4% and 02% at 5 years respec-
tively, and 2:7% and 1-1% at 10 years respectively.(Adeés et al,
2010) It is of note that the risk of t-MDS/AML may be
increased by exposure to moderate or high cumulative doses of
anthracyclines, which act by inhibiting DNA topoisomerase II,
for children with malignant tumours.( Zunino & Capranico,
1990; Le Deley et al, 2003) Although the risk of secondary
malignancy may not be thoroughly understood with regard to
the use of anthracyclines for APL, the cumulative dosage of
anthracyclines may be an important perspective of the long-
term outcomes and adverse effects for childhood APL.

Recently, therapy with arsenic trioxide, which induces
differentiation as well as apoptosis of APL cells, has been
shown to be effective for patients not only with relapsed but
also with newly diagnosed APL (Ferrara, 2010). With
accumulating evidence for the efficacy and safety of therapy
with arsenic trioxide alone or in combination with other
agents, it would be a promising approach for treatment of
childhood APL in the near future (Zhang et al, 2008) (Zhou
et al, 2010).

In conclusion, although this study, without risk-adjusted
stratifications or randomized approaches, is insufficient to
make definite conclusions, the improved outcome of paedia-
tric APL patients in this study may provide useful implications
in the perspective of long-term prognosis and late adverse
effects of childhood APL. Further investigations are needed.
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Continuous and High-Dose Cytarabine Combined Chemotherapy in Children with
Down Syndrome and Acute Myeloid leukemia: Report from the Japanese Children’s
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Background. The aim of the JCCLSG AML 9805 Down study was to
evaluate the effect of continuous and high-dose cytarabine combined
chemotherapy on the survival outcome of acute myeloid leukemia
(AML) with Down syndrome (DS). Procedure. From May 1998 to
December 2006, DS patients with newly diagnosed AML were
enrolled. Remission induction therapy consisted of two courses of
pirarubicin, vincristine, and continuous-dose cytarabine (AVCT).
The patients who achieved complete remission (CR) after two courses
of AVC1 were subsequently treated with mitoxantrone and continu-
ous-dose cytarabine (MC), etoposide and high-dose cytarabine (EC)
and pirarubicin, vincristine, and continuous-dose cytarabine (AVC2).

Key words:

AML; Clinical trials; Down syndrome

Results. Twenty-four patients wereenrolled. All patients were younger
than 4 years and diagnosed as having acute megakaryoblastic leuke-
mia. Twenty-one patients achieved CR. Three patients died during
remission induction therapy due to serious infection. No toxic deaths
were observed during remission. All but one patient maintained CR
without serious complications. The 5-year overall and event-free sur-
vivals were 87.5% + 6.8% and 83.1% + 7.7%, respectively.
Conclusions.Continuousand high-dose cytarabine combined chemo-
therapy with reduced intensity would be effective in DS children with
AML. Pediatr Blood Cancer ® 2011 Wiley-Liss, Inc.

INTRODUCTION

Down syndrome (DS) is one of the most common chromosomal
abnormalities andis associated with anincreased risk of leukemia[1].
The clinical and biological features of acute myeloid leukemia
(AML) in DS children are quite different from those in children
without DS: younger age, lower white blood cell count, and high
incidence of acute megakaryoblastic leukemia [2,3]. Before
the 1990s, most patients with AML with DS (AML-DS) received
suboptimal therapy, resulting in poor outcomes. In 1992, highrates of
event-free survival (EFS) with intensive AML treatment were
reported from the pediatric oncology group (POG) [4]. After recog-
nition of the favorable outcome of AML-DS patients treated with the
AML protocol, recruitment to collaborative studies for AML-DS
patients increased, but it became apparent that treatment-
related toxicity was high in most series [5-7]. Since then, several
collaborative groups have adapted their AML protocols for AML-DS
by reducing the dosage of chemotherapeutic agents [6].

We report herein the results of the Japanese Children’s Cancer and
Leukemia Study Group AML 9805 Down study, which evaluated
the feasibility, efficacy, and safety of continuous and high-dose
cytarabine combined chemotherapy, which was adapted for DS
patients by reducing dose intensity.

PATIENTS AND METHODS
Patients

Between May 1998 and December 2006, 24 AML patients with
DS entered the Japanese Children’s Cancer and Leukemia Study
Group AML 9805 Down study after informed consent was obtained.
Neonates with transient myeloproliferative disorder (TMD), defined
as appearance of myeloid blasts within the first months of life, and
those with spontaneous remission were not included. All children
and adolescents less than 18 years of age with no prior treatment
were eligible. The initial diagnosis of AML and its subtypes
was determined according to the FAB classification by institution
pathologists, with central review for most cases.

© 2011 Wiley-Liss, Inc.

DOI 10.1002/pbc.22943
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Therapy

The scheme of treatment for the JCCLSG AML 9805 Down study
is shown in Table I. Remission induction therapy consisted of two
courses of AVCI (cytarabine (Ara-C) 100 mg/mzlday continuous
infusion on days 1-7, pirarubicin 25 mg/m? by 60 min infusion on
days 2, and 4, and vincristine (VCR) 0.7 mg/m? on day 7).

Patients who achieved complete remission (CR) after two courses
of AVC1 were subsequently treated with MC (Ara-C 100 mg/m?*/day
continuous infusion on days 1-5 and mitoxantrone (MIT) 3.5 mg/rn2
by 60 min infusion days 2-4), EC (high-dose Ara-C 1 g/m® every
12 hron days 1-5, and etoposide 66 mg/m” by 2 h infusion on days
2-4) and AVC2 (Ara-C 100 mg/m?/day continuous infusion on days
1-5, pirarubicin 35 mg/m? by 60 min infusion on day 2, and VCR
0.7 mg/m® on day 5).
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TABLE 1. Treatment Regimen of the JCCLSG AML9805 Down Study

Regimen Administration Daily dose Days
Induction
AVClI Cytarabine IV (24 h) 100 mg/m?> 1-7
Pirarubicin IV (1 h) 25 mg/m’ 24
Vincristine v 0.7 mg/m? 7
Methotrexate IT Age-adjusted” 1
Cytarabine 1T Age-adjusted” 1, (5, 10)°
Hydrocortisone IT Age-adjusted” 1, (5, 10)°
Consolidation
MC Cytarabine IV (24 h) 100 mg/m? 1-5
Mitoxantrone IV (1 h) 3.5 mg/m’ 2-4
EC Cytarabine IV (2 h) 1gx2/m? 1-5
Etoposide IV (2 h) 66 mg/m’ 2-4
AVC2 Cytarabine IV (24 h) 100 mg/m? 1-5
Pirarubicin IV (1 h) 35 mg/m’ 2
Vincristine v 0.7 mg/m? 5
Methotrexate IT Age-adjusted” 1
Cytarabine T Age-adjusted” 1
Hydrocortisone IT Age-adjusted” 1

Recommended interval of each cycle was 4 weeks. “The doses were adjusted according to patient’s age as follows: younger than 1 year, methotrexate
(MTX) 5 mg, cytarabine (Ara-C) 10 mg, hydrocortisone (HDC) 10 mg; younger than 2 years, MTX 8 mg, Ara-C 20 mg, HDC 15 mg; younger than
3 years, MTX 10 mg, Ara-C 30 mg, HDC 20 mg; 3 years and older, MTX 12 mg, Ara-C 40 mg, HDC 25 mg. "For CNS-positive patients. The doses
were adjusted according to patient’s age as follows: younger than 1 year, cytarabine (Ara-C) 20 mg, hydrocortisone (HDC) 10 mg; younger than
2 years, Ara-C 30 mg, HDC 15 mg; younger than 3 years old, Ara-C 50 mg, HDC 20 mg; 3 years and older, Ara-C 70 mg, HDC 25 mg.

Prophylactic treatment for central nervous system (CNS) leuke-
mia was performed by intrathecal injection of Ara-C, methotrexate,
and hydrocortisone on the first day of AVC1 and AVC2. An absolute
neutrophil count of more than 1,500/pL and a platelet count of more
than 75,000/l were the criteria for starting the first course of
consolidation therapy, and an absolute neutrophil count of more than
1,500/uL and a platelet count of more than 100,000/pL were the
criteria for starting the second course.

Definitions and Statistics

Evaluation of each treatment was performed on the 28th day.
Treatment response was defined as follows: CR, less than 5% blasts
in the bone marrow; partial remission (PR), less than 15% blasts; and no
response (NR), more than 15% blasts or progressive disease at other sites.

CNS involvement was diagnosed if more than 5 leukocytes/pLL
were identified in the cerebrospinal fluid (CSF) in combination with
detectable leukemic cells in the cytospin and/or with neurological
symptoms (e.g., cranial nerve palsy).

EFS was calculated from the date of the first day of chemotherapy
to last follow-up or to the first event (early death, resistant leukemia,
relapse, or death from any cause). The EFS time of patients with an
induction failure was calculated as zero. Toxicity was graded according
to the Common Terminology Criteria for Adverse Events version 3.

Univariate comparisons of the survival data were performed using
the log-rank test. The Statistical Analysis Software (SAS) computer
program was used for the analysis. Follow-up data were actualized as
of July 31, 2009.

RESULTS
Patient Characteristics

The relevant initial clinical and hematological data of the
24 patients in this study are shown in Table II. Males predominated,

Pediatr Blood Cancer DOI 10.1002/pbc

and all patients were younger than 4 years (median age, 17 months).
The median white blood cell count was 6,500/pL (range 500-
70,900/pL). All patients showed FAB M7 morphologically. No
patients had CNS involvement. One patient had an extramedullary
mass (skin) at initial diagnosis. Cytogenetic analysis of leukemic
blasts was available for 22 patients. Favorable cytogenetics, such as
inv (16) and t (8; 21), were not observed. Six patients had normal
karyotypes with constitutional trisomy 21 only. The remainder had
complex karyotypes with aneuploidy and translocation. GATAI
mutation was confirmed only in one patient.

Seven patients had a history of TMD. No patients of them received
cytarabine therapy. Nine patients had documented congenital heart
disease. Most patients had either surgically repaired defects or
asymptomatic atrial septal defect or ventricular septal defect with
normal function.

Overall Outcome

Overall, 21 (87.5%) of 24 patients achieved first remission.
One patient relapsed with an isolated extramedullary mass after
cessation of chemotherapy. The patient has been in third remission
after chemotherapy, electron beam irradiation and cord blood cell
transplantation following reduced intensity conditioning. The other
20 patients remain in first CR. Estimated 5-year OS and EFS were
87.5% £ 6.8% and 82.6% * 7.9%, respectively (Fig. 1). No
patients with secondary malignancy and severe cardiotoxicity were
observed. Median follow-up period for all patients was 75 (range, O—
131) months.

Treatment-Related Mortality

Three deaths occurred that were not related to leukemia during
induction therapy. Two of them occurred during the initial induction
therapy, and the other occurred during second induction therapy.



TABLE II. Patients’ Characteristic in the JCCLSG AML 9805
Down Study (N = 24)

Characteristic No %
Age, months

Median 17 —

0-12 4 17

12-24 12 46

24-36 4 17

36-48 4 17
Sex

Male 19 79

Female 5 21
History of TMD

Yes 7 29

No 13 54

Unknown 4 17
Hepatomegaly

Yes 10 42

No 12 50

Unknown 2 8
Splenomegaly

Yes 10 42

No 12 50

Unknown 2 8
WBC, x10°/L

Median 6.5 —

Range 2.8-70.9 —
Hb, g/dL

Median 8.1 -

Range 3.2-11.8 —
PlIt, x10°/L

Median 26 —

Range 3-139 —
Cytogenetics

Trisomy 8 5 21

Monosomy 7 4 17

Additional 21 2 8

Toxic Events

The incidence of grade 3 or 4 toxicity during induction and each
intensification phase of therapy is shown in Table III. Three patients
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died during remission-induction therapy. One death was attributable
to intracranial hemorrhage with disseminated intravascular
coagulation, and the others were due to sepsis. The rate of induction
death was 12.5%. No toxic deaths were observed during remission.

Prognostic Factors

Extramedullary invasion at initial diagnosis was a significant
prognostic factor for 5-year EFS on univariate analysis (P =
0.046). Other factors, including sex, initial age, initial WBC, history
of TMD, and chromosomal abnormality, were not significant.

DISCUSSION

The results of the JCCSLG AML 9805 Down study, which
was conducted to evaluate the efficacy and safety of continuous
and high-dose cytarabine combined chemotherapy with reduced
intensity for AML-DS patients were presented. All patients enrolled
in our study were younger than 4 years and had a phenotype of acute
megakaryocytic leukemia (AMKL), which was consistent with
previous reports for AML-DS. The number of patients was limited,
but this regimen appears to be highly effective because there were no
non-responders, and only one patient relapsed.

Contemporary clinical trials for AML-DS children are summar-
ized in Table IV [5-11]. Treatment strategies for AML-DS are based
onreduced intensity for AML non-DS, such as BFM and our study, or
on a specifically designed strategy, such as the AT/DS study and the
AML99 Down study in Japan [8,9]. The EFS of these studies,
including the present study, has been between 80% and 90%.

The key drugs for the treatment of AML-DS are anthracyclines,
cytarabine, and etoposide; it was also confirmed by in vitro studies
that AMKL-DS blasts were significantly more sensitive to these
drugs than non-DS AML cells [12]. AMKL-DS blasts are especially
sensitive to cytarabine, possibly to the effect of the GATA1 mutations
and trisomy 21 on the levels of cytarabine-metabolizing enzymes
[13].

In the BFM 98 DS study, with a 3-year EFS of 89%, high-dose
cytarabine (3 g/mz) was used as intensification [6]. The authors
reported that a high cure rate could be achieved in DS patients with
therapy protocols including high-dose cytarabine. However,
they also mentioned that it should be confirmed whether a dosage
of 3 g/m?* of cytarabine is necessary because of its toxicity. In

.
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Fig. 1.

Actuarial survival rate for the JCCLSG AML 9805 Down study. Of the 24 patients, 22 achieved CR. One patient relapsed. Two patients died

during induction therapy. One patient died as a result of sepsis during the first CR. The 5-year overall survival (OS) was 87.5%, and the 5-year EFS

was 82.6%.
Pediatr Blood Cancer DOI 10.1002/pbc
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TABLE III. Severe Adverse Events in the JCCLSG AML9805 Down Study (Grade ITII-1V)

Adverse events

AVC1l-1no. n=24(%) AVCl-2no. n=22(%) MCno. n=21(%) ECno. n=21(%) AVC2no. n=21(%)

ALT/AST 5 23 2 9
Gastrointestinal 9 41 5 23
Renal 0 0 0 0
Cardiac 0 0 0 0
Pulmonary 1 5 0 0
Neurology 0 0 0 0
Pain 1 5 1 5
Fever/infection 14 (2) 64 9(1) 41
Others 0 0 0 0

0 0 1 5 0 0
5 24 2 10 2 10
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 1 5
11 52 15 71 7 33
0 0 0 0 0 0

Number of patients who died.

our JCCLSG AML9805 Down study, 1 g/m? of cytarabine with
etoposide was used for intensification. Serious non-hematological
adverse effects, including infection, were not more frequent in this
phase than in the other phase of this study (Table IIT). The dosage of
1 g/m*usedin the present study may be sufficient for the treatment of
AML-DS.

In the Japanese trial AML 99 Down study, the 4-year EFS was
83%, and treatment-related mortality was only 1.4%, which is much
lower than that of recent reports for AML-DS [9]. However, relapse
and induction failure were more frequent than in other reports with an
intensive regimen. The regimen consisted of simple repeating of
intermediate doses of pirarubicin and etoposide, so it is possible to
reduce the rate of relapse and resistant disease using continuous and
high-dose cytarabine combined chemotherapy, as in the JCCLSG
AMLI805 Down study.

As for other types of leukemia, risk-oriented therapy is proposed
if any prognostic factors are identified in AML-DS. In the CCG 2891
study, patients with AML-DS who were older than 2 years had an
increased risk of relapse [5]. However, in the BFM 98 DS study and in
the Japanese AML 99 Down study, there was no difference in out-
come between those 2 years or younger and those older than 2 years
[6,9]. The present study alsodid notidentify age olderthan2 yearsasa
risk factor, because all 7 patients older than 2 years survived without
relapse after completing this protocol.

Forcytogenetic factors, monosomy 7isknownto be arisk factorin
children with AML [14,15]. In AML-DS, the presence of monosomy
7 adversely affected the outcome in the previous two Japanese trials,
but not in the CCG 2891 study [5,8,9]. In the present study, four
patients were found to have monosomy 7, and they all maintained
remission. Continuous and high-dose cytarabine combined

TABLE IV. Comparison of Recent Clinical Trials for AML-DS

chemotherapy mightaffectintensification, whichnegatesrisk factors
such as age and monosomy 7.

Itis important to note that only one patient relapsed in the present
study. Moreover, the cumulative doses of anthracycline and etopo-
side in this JCCLSG AML9805 Down study were lower than in other
recent reports with intensive regimens for AML-DS. No patients had
developed secondary cancer or cardiac insufficiency at the time of
this analysis. The survival of DS patients has become longer, and it
would be more important to decrease the late toxicity by reducing the
cumulative doses of antileukemic drugs for AML-DS patients.

On the contrary, treatment-related mortality occurred in 3 of
24 patients (12.5%), which is more frequent than in other recent
reports with intensive regimens for AML-DS. All three patients died
from infection during the initial and second courses of this protocol.
We could not identify any risk factors for toxicity in these patients,
such as age or cardiac disease, compared with the patients who were
successfully treated by this protocol. Serious non-hematological
adverse effects, including infection, were more frequent during
the remission induction phase than during the intensification phase.
Induction therapy with combined continuous cytarabine might be
toxic for AML-DS patients, although the inductionrateis high. Onthe
other hand, toxicity during the intensification phase including high-
dose cytarabine was tolerable.

On the basis of the results of the previous Japanese trials and the
present study, we have designed a risk-oriented therapy protocol for
our next trial with AML-DS. Patients with M2, M3 marrow after
induction therapy by pirarubicin, intermediate-dose cytarabine, and
etoposide classified into a high-risk group will receive the continuous
and high-dose cytarabine combined regimen of this JCCSLG
AML9805 Down study.

Registry Daunorubicin Ara-C Etoposide TRM oS EFS
Study (year) N (mg/m?) (mg/m®) (mg/m’) (%) (%) (%)
BFM98 for DS 1998-2003 67 220-240 23-29,000 950 5 91 89 (3y)
BFM93 NA 51 220-400 23,000 950 4 70 68 (3y)
NOPHO AML93 1988-2002 41 300 48,600 1,600 5 NA 85 (8y)
MRC AMLI10/12 1988-2002 46 670 10,600 NA 15 74 74 (5y)
CCG 2861/2891 1989-1999 160 320 15,800 1,600 4 79 77 (6y)
POG 9421 1995-1999 57 100 20,700 — 0 NA 79 (3y)
AT/Down 1987-1997 33 100-400 4,200 2,700 9 NA 80 (8y)
AML99 DS 2000-2004 72 250 3,500 2,250 1 84 83 (4y)
JCCLSG 9805DS 1998-2006 24 190 12,600 200 12.5 88 83 (5y)

TRM, treatment-related mortality; OS, overall survival; EFS, event-free survival; NA, not evaluated.

Pediatr Blood Cancer DOI 10.1002/pbc
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Immunophenotypic analysis has become a powerful tool
for the correct identification of leukemic cell lineage. Our
study evaluates the diagnostic utility of flow cytometric
immunophenotyping of pediatric AML. We retrospectively
collected data of immunophenotype from 375 cases of de
novo AML studied from 1997 to 2007 at central laboratory
institutions of the Japanese Pediatric Leukemia/Lymphoma
Study Group (JPLSG): Department of Pediatrics and
Developmental Science, Mie University Graduate School
of Medicine; Department of Pediatrics, Osaka University
Graduate School of Medicine; Center for Clinical
Research, National Center for Child Health and Develop-
ment; and Department of Pediatrics, Aichi Medical Uni-
versity. The diagnosis of AML was made according to the
French-American-British (FAB) classification based on
morphology and enzyme cytochemical analysis as follows:
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MO (acute myeloid leukemia without differentiation,
n = 11), M1 (acute myelocytic leukemia with little
differentiation, n = 41), M2 (acute myelocytic leukemia
with differentiation, n = 113), M4 (acute myelomonocytic
leukemia, n =47), M5 (acute monocytic leukemia,
n = 54), M6 (acute erythroleukemia, n = 6), and M7
(acute megakaryoblastic leukemia, n = 61).

Mononuclear cells of bone marrow or peripheral blood
samples were stained with various combinations of
fluorescein isothiocyanate (FITC)- and phycoerythrin (PE)-
labeled monoclonal antibodies against the following anti-
gens: CD4, CD7, CD13, CD14, CD15, CD19, CD33,
CD34, CD36, CD41, CD42b, CD45, CD56, CD61, CD65,
CD117, glycophorin A (GPA: CD235a), and HLA-DR.
Cytoplasmic MPO was also detected by anti-MPO anti-
body after permeabilization. Two-color flow cytometric
immunophenotyping was performed by collecting 10,000
ungated list mode events. An antigen was considered as
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Table 1 Immunophenotypic profile of 375 de novo cases of acute myeloid leukemia
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positive, if more than 30% of the gated cells showed
specific labeling above that of controls, or if positive
subpopulation was distinctively identified even in <30%
positive cases.

The result is summarized in Table 1. Cytoplasmic MPO
expression was found in less than half of cases with MO
(45.5%), which is consistent with other reports [1, 2].
However, MO blasts expressed CD33 (90.0%) and CD117
(90.9%), and, less frequently, CD34 (72.7%), suggesting
myeloid lineage. The low expression of CD13 as compared
to CD33 in our study may reflect a more mature myeloid
profile in pediatric cases [1, 3]. CD7, expressed in more
than half cases, is known to be expressed in a proportion of
AML-MO and M1 cases [3—5], consistent with the fact that
CD7 is expressed during early stages of normal myeloid
differentiation [6]. CD56 was also expressed in nearly half
of cases, but only one case co-expressed CD7 and CD56
consistent with NK/myeloid-cell precursor acute leukemic
cells [7].

M1 and M2 blasts expressed CD34, CD117, HLA-DR,
MPO, CD13, CD33, and HLA-DR in more than 80% of
cases, and less commonly CD15 and CD65. CD7 was
detected in 51.2% of M1 cases, while its expression was
repressed in M2. CD19, detected in 24.8% of M2 cases,
was reported to be detected in 78-81% of M2 cases with
t(8;21) translocation [8, 9].

M3 cells expressed CD13, CD33, and MPO at high
frequency, as for M1 or M2 cells. However, the frequency
of CD117 expression was 76.7%, lower than for M1 or M2
cells. A striking feature is that the expression of CD34
and HLA-DR was low, at 14.3 and 4.8%, respectively. The
lack of CD34 and HLA-DR was a feature of M3 blasts
[4, 5, 10].

Leukemic cells of most M4 and M5 cases expressed
monocyte markers, CD15 and CD65. The less common
expression of CD14 has been reported by others, particu-
larly in M5 cases [2, 5, 10]. M4 and M5 expressed CD33 at
similarly high frequencies. The progenitor-associated
antigens, CD34 and CD117, were seen in a lower propor-
tion of M5 cases, which might reflect commitment to
monocytic lineage. CD4 was expressed in 52.1% of M5
cases and 23.1% of M4 cases, in line with other reports
[2, 10].

We observed only six M6 cases. Leukemic erythroblasts
expressed CD36 and GPA in 66.7 and 83.3% of cases,
respectively. Myeloid antigens (MPO, CD13, and CD33)
and hematopoietic progenitor-associated markers (CD34
and CD117) were also expressed at variable frequencies.
The expression of monocytic markers (CD14 and CD15)
was absent, as well as megakaryocyte-associated antigens
(CD41 and CD42b).

The expression frequencies of megakaryocyte-associ-
ated antigens, CD41 and CD42b in cases with M7, were
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72.4 and 58.5%, respectively. All cases expressed CD41
and/or CD42b. CD36 was expressed at a high frequency,
but its expression was also seen in other subtypes (M4, M5,
and M6). Myeloid antigens (CD13 and CD33) were
expressed in most cases, but lack of MPO expression was
observed. Hematopoietic progenitor-associated antigens
(CD34 and CD117) were expressed in many cases, and
CD7 was expressed in 69.6% of cases.

In conclusion, each subtype of AML possesses distin-
guishing features of antigen expression. Some antigens
appear to be associated with certain subtypes, but are not
necessarily specific. Uncommon expression must be inter-
preted in the context of the entire immunophenotyping
profile for correct identification of AML subtypes.
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Prognostic Factors for Outcomes of Pediatric Patients
with Refractory or Relapsed Acute Leukemia
Undergoing Allogeneic Progenitor Cell Transplantation

Nobubhiro Watanabe,' Yoshiyuki Takahashi,2 Kimikazu Matsumoto,’ Asahito Hama,2
Hideki Muramatsu,2 Sayoko Doisaki,2 Keizo Horibe,3 Koji Kato,' Seiji Kojima2

Allogeneic stem cell transplantation (SCT) is the only curative therapy for patients with refractory or re-
lapsed acute leukemia, although the prognosis remains poor. Few reports have described outcomes of
SCT in pediatric patients with refractory acute leukemia. To identify prognostic factors for these patients,
we retrospectively evaluated SCT outcomes for advanced acute leukemia in 82 pediatric patients from 3
transplant units in Nagoya City between 1990 and 2008. Median age at transplantation was 8 years (range,
0.5-17 years). Transplantation was performed in the first refractory relapse for 53 patients (64.6%), in the
second or subsequent relapse for 16 patients (19.5%), and during primary induction failure for 13 patients
(15.9%). Only 4 patients (4.9%) underwent transplantation in the untreated first relapse, and 39 patients
(47.6%) received unrelated donor progenitor cells. Of the 82 patients, 6| died (77.9%), with a median survival
of 7.1 months (95% confidence interval [CI], 4.2-10.0 months). Median disease-free survival (DFS) was 4.7
months (95% ClI, 2.6-6.9 months). In multivariate analysis, peripheral blood blasts, cord blood transplanta-
tion, and more than 3 courses of previous salvage chemotherapy were predictive of DFS. These results sup-
port the notion that allogeneic SCT offers only a small chance of cure for most pediatric patients with
refractory or relapsed acute leukemia, and suggest that reduction of the leukemia burden and earlier optimal
timing of transplantation are essential for long-term survival even in patients with refractory acute leukemia.

Biol Blood Marrow Transplant 17: 516-523 (2011) © 2011 American Society for Blood and Marrow Transplantation
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INTRODUCTION stem cell transplantation (SCT) in children with
acute leukemia who had not achieved remission with

Although advances in chemotherapy have im- chemotherapy.

proved the prognosis for patients with acute leukemia,
outcomes remain poor in patients with refractory or re-
lapsed disease [1-7]. Moreover, much of the literature
has reported results for pediatric and adult patients
together, making outcomes in pediatric patients alone
difficult to determine. The present study sought to
identify prognostic factors influencing outcomes after

PATIENTS AND METHODS

Three transplant units in Nagoya City were asked
to provide data on all pediatric patients (aged <17 years
at the time of transplantation) who underwent alloge-
neic SCT for acute lymphoblastic leukemia (ALL;
n = 48), acute myelogenous leukemia (AML; n = 31),
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or acute undifferentiated leukemia (AUL; n = 3) after
failing to achieve remission between 1990 and October
2008. Remission was defined as morphologically nor-
mal bone marrow (BM) without cytogenetic evidence
of leukemia, and a morphologically normal peripheral
blood (PB) smear with recovery of PB hematologic
values, including a platelet count >100 x 10°/L and
an absolute neutrophil count >1.5 x 10°/L. Chromo-
somal abnormalities classified as good prognostic fea-
tures included AML with translocation 8;21 (n = 3)
and ALL with hyperdiploid karyotype (n = 2). Karyo-
types considered to have a poor prognosis included

AML and ALL with abnormalities of chromosome 7
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(n = 4), those involving the long arm of chromosome
11 (n = 12), and translocation 1;19 (n = 2), t4l11
(n = 4), or t9;22 (n = 10). The other 46 patients
(including 14 patents with normal karyotype) were
assigned to the intermediate-risk category.

The results of HLA testing performed using stan-
dard serologic methods for HLA-A, -B, -DR, and -DR
identity were confirmed by high-resolution molecular
typing. The conditioning regimens used for transplan-
tation and protocols for graft-versus-host disease
(GVHD) prophylaxis were those used at our institu-
tions during the period when the patients underwent
transplantation. Conditioning regimens were classi-
fied as total body irradiation (10-12 Gy, divided into
4 fractions)-based myeloablative (MA), high-dose che-
motherapy-based MA, or reduced-intensity (RIC) [8].
Patients and donors provided written informed con-
sent, and unrelated donor cells were procured under
the auspices of the Japanese Marrow Donor Program
following the applicable current guidelines.

Statistical Analysis

Data were collected to allow study of the following
subgroups: age at SCT (=10 years vs =11 years), year of
transplantation (1990-2000 vs 2001-2008), disease
status (primary induction failure [PIF] vs first or later
refractory relapse, untreated relapse, or chemoresistant
relapse), type of leukemia (ALL vs AML/AUL), num-
ber of salvage treatment courses before transplantation
(=2 vs =3), cytogenetics (good vs other), conditioning
regimen (total body irradiation vs chemotherapy only,
MA vs RIC), donor source (BM/PB vs cord blood
[CB]; HLA disparity), duration of previous first com-
plete remission (CR1) (=1 year vs >1 year), high disease
burden (% BM blasts before SCT or presence of circu-
lating blasts), acate GVHD (aGVHD; grade 0-I vs grade
II-IV), and chronic GVHD (¢GVHD; none vs limited vs
extensive). HLA disparity was considered a trinary
variable for risk factor analysis. The HLA-higher mis-
matched group included patients undergoing transplan-
tation from a related donor with =2 antigen mismatches,
unrelated CB donors with =2 antigen mismatches, and
unrelated BM donors with =1 antigen mismatches.
The HLA-middle mismatched group included related
donors with 1 antigen mismatch, CB donors with 1
antigen mismatch, and unrelated matched BM donors.
The HLA-less mismatched group included HLA-
matched related donors.

Unadjusted survival probabilities were estimated
using the Kaplan-Meier method. Comparisons of
unadjusted between-group survival rates were made
using the log-rank test. Univariate analyses were per-
formed for various pretransplantation and transplanta-
tion variables related to disease-free survival (DFS),
nonrelapse mortality (NRM), and relapse rate at 5
years posttransplantation. Cox proportional hazards
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regression modeling was used to assess the ability of
patient characteristics and treatment-related variables
to predict survival. All variables showing a probable
association (P <.10) with DFS, NRM, or relapse rate
in univariate analyses were included in the Cox pro-
portional hazards model. Time-dependent covariates
were used to study aGVHD and ¢cGVHD. All statisti-
cal tests were two-sided, and differences were consid-
ered statistically significant at P <.05. Associations
between discrete variables were assessed by Fisher’s
exact and generalized exact tests. All analyses were

performed using SPSS software (SPSS, Chicago, IL).

RESULTS

Patient Characteristics

Demographic data and disease characteristics are
shown in Table 1. Median patient age at transplantation
was 8 years (range, 0.5-17 years). Transplantation was
performed during the first refractory relapse in 53 pa-
tients (64.6%), during a second or subsequent relapse
in 16 patients (19.5%), and during PIF in 13 patients
(15.9%). Four patients (4.9%) underwent transplanta-
tion during an untreated first relapse, and the remaining
78 patients were unable to attain CR despite induction
chemotherapy. Fifty-four patients (65.8 %) had received
=3 courses of salvage chemotherapy, and 49 patients
(59.7%) had experienced early relapse after a remission
lasting less than 1 year. For the 43 patients who re-
ceived an allograft from a related donor, 33 (40.2%)
were HLA-identical and 10 (12.2%) were HLA-
mismatched. Of the 39 unrelated donors, 20 (24.4%)
were HLA-identical and 19 (23.1%) were HLA-
mismatched. The transplant source was BM in 65 pa-
tents (79.3%), mobilized PB stem cells in 9 patients
(11.0%), and CB in 8 patients (9.8%). Three patients
(3.7%) received an RIC regimen, whereas 79 patients
(96.3%) received an MA conditioning regimen.
GVHD prophylaxis consisted primarily of tacrolimus
combination therapy (37 [45.1%]), cyclosporine com-
bination therapy (21 [25.6%]), or methotrexate alone
(21 [25.6%]).

Survival, NRM, and Relapse Rate

Sixty-one of the 82 patients died (77.9%), with
amedian survival of 7.1 months (95% confidence inter-
val [CI], 4.2-10.0 months). A total of 66 patients
(83.4%) either died or displayed disease progression.
Median DFS was 4.7 months (95 % CI, 2.6-6.9 months)
(Figure 1). Median follow-up for the disease-free survi-
vors was 8.6 years (range, 0.37-19 years). On univariate
analysis, significant prognostic factors for DFS were
stem cell type, presence of PB blasts before SCT,
more than 3 courses of previous salvage chemotherapy,
and cGVHD (Table 2).

NRM occurred in 25 patients (30.5%), including
9 from respiratory failure, including interstitial
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Table |. Patient Characteristics
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Table 1. (Continued)

n % n %
Number of patients 82 NG 18 463
Sex = ’
Male 5 634 ZZY.‘;f marrow blasts o s
Female 30 364 No 20 24'4
D':%CI?SIS 48 585 Missing 5 6.1
AML 3 37.8 Duration of CRI, months
: <6 33 402
AgAUL 3 37 6-12 16 195
c =12 31 37.8
Median (range), years 8(0.5-17) Missin 2 24
<10 years 55 67.1 g .
=11 years ) 27 329 ALL indicates acute lymphoblastic leukemia; AML, acute myelogenous
Year of transplantation leukemia; AUL, acute undifferentiated leukemia; SCT, stem cell trans-
;3?)0%882 ;; i3§ plantation; BM, bone marrow; PB, peripheral blood; CB, cord blood;
) I- 6. ATG, antithymocyte globulin; MMF, mycophenolate mofetil; MTX, meth-
Disease status before SCT otrexate; PSL, prednisolone
Primary induction failure 13 15.9 L P '
First relapse refractol 53 64.6 . . .
SFirst re,':pse ref,m:,’,.y 6 195 pneumonia, diffuse alvgolar hemorrhage, and bronchio-
Number of chemotherapy cycles litis obhterans; 6 from 1nfecnon; S from severe aGVHD;
tmfore SET 3 from multiorgan failure, including veno-occlusive
Untreated first relapse 4 4.9 di d - ] e
I cycles 8 98 isease; an 2 rom epcepha opathy (Plgulje 2). Qn
2 cycles 16 195 univariate analysis, no risk factors were associated with
c =3 cycles >4 658 higher NRM rates.
ogenetic subgrouy| 5 ¢ :
y(t;ogod Brom 5 6l A total of 41 patients (50%) relapsed, with a median
Intermediate 44 53.7 relapse time from SCT of 10.7 months (95% CI,
ﬁﬁgsin 3(2’ 33'3 3.2-18.1 months) (Figure 3). Risk factors associated
Stem ce,ftype ' with relapse rate included stem cell type, presence of
BM 65 79.3 PB blasts before SCT, the number of salvage chemo-
ZBB ; I;s therapy, and cGVHD (Table 3). In contrast, age, sex,
P — diagnosis '(ALL vs AML/AUL), cytogenetic subgr.oup,
BM/PB and duration of CR1 were not significantly associated
Matched related 33 40.2 with clinical outcomes
Mismatched related 10 122 '
One locus mismatched 3 37
Two loci mismatched 7 8.5 Multivariate Analysis
Matched unrelated 20 24.4 . i
Mismatched unrelated Cox regression analysis showed that the number of
ne locus mismatched I 134
b
o o treatment courses before SCT, stem cell type, and the
CBO . 8 : presence of PB blasts before SCT were predictive of
ne locus mismatched 3 37 3
Two loci mismatched 5 6.1 DFS (Table 2). No prognostic factors for NRM were
D°Mn°lr sex 1 163 identified, whereas the number of treatment courses
ale 3
Featdl “ 537 before SCT, stem cell type, and presence of PB b.lasts
Conditioning regimen were associated with relapse rate (Table 3). In patients
Reduced-intensity conditioning , . receiving a BM or PB graft, HLA disparity also was
:f: - 96.3 associated with DFS and relapse rate (Tables 2 and 3).
Total body irradiation Figure 4 shows the manner in which the predicted
ITS 7: 9;; DFS probability under the Cox regression model sum-
s Zf ATG Al 134 marized in Table 2 varies with PB blasts and number of
Use of busulfan 47 573 treatment courses before SCT. In the 54 patents
Use of cyclophosphamide 14 2'37-' receiving =3 courses of treatment before transplanta-
G\',J'_sleofr::r';ri?: 66 05 tion, DFS at 5 years was 28.0% (range, 19.0%-
MTX alone 21 25.6 37.0%) in 25 patients without circulating PB blasts
Cyclosporine + MTX 19 232 and 3.4% (range, 0%-6.8%) in 29 patients with PB
Cyclosporine + MTX + PSL | 1.2 Blasis (P _ 004)
Cyclosporine + PSL | 1.2 : '
Tacrolimus + MTX 36 43.9
Tacrolimus + MMF | 1.2
None 3 37
Leukemia burden at SCT DISCUSSION
Presence of circulating blasts . .
Yes e 44 53.7 The recent development and implementation of
(Continued) more aggressive chemotherapy protocols and better
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Figure I. Kaplan-Meier curve for DFS.

supportive care following rigorous clinical trials have
led to improving survival rates in children with acute
leukemias, including lymphoid and myelogenous ma-
lignancies [9-14]. Nonetheless, current therapeutic

Table 2. Prognostic Factors Associated with DFS
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results remain unsatisfactory, particularly for patients
with primary refractory or relapsed disease despite
salvage chemotherapy. In patients with refractory or
relapsed acute leukemia treated with allogeneic SCT,
long-term survival is generally poor [1-7]. Previous
studies of outcomes of allogeneic SCT for advanced
acute leukemia have been limited by the small number
of patients and the inclusion of a range of disease
statuses, from remission to refractory or relapsed
disease. Most studies also have included both pediatric
and adult padents, and few have examined pediatric
patients with acute leukemia who never achieved CR
[4]. In the present study, we evaluated a large number
of pretreatment variables for effects on transplantation
outcomes in pediatric patients. We found that the num-
ber of treatment courses before SCT, stem cell type, and
the presence of PB blasts before SCT were indepen-
dently associated with DFS in pediatric patients with
refractory or relapsed acute leukemia, as has been
reported for adult patients [4-6,15-18]. In our study,
two-thirds of patients had received more than 3 courses
of chemotherapy, making this a heavily pretreated

Multivariate
Variable 5-Year DFS, % Univariate P Value HR 95% Cl P Value
All recipients
Year of transplantation
1990-2000 295+6.9 .098
2001-2008 13255
Number of previous therapies
=2 357 +9.1 024 1
=3 148 +4.8 3.62 1.62-8.08 .002
Stem cell type
BM/PB 243+5.0 015 | ;
CB 0 5.69 1.35-24.03 018
% BM blasts before SCT
<25% (n = 20) 350+ 107 097
=25% (n = 57) 193452
PB blast before SCT
Blast-negative 368+78 <.001 |
Blast-positive 9.1 £43 3.24 1.61-6.54 .001
Chronic GVHD
None 20368 013
Limited/extensive 423+97
BM/PB recipients
Year of transplantation
1990-2000 31,773 091
2001-2008 152+62
Number of previous therapies
=2 435+ 103 014 |
=3 157257 4.98 2.02-12.26 <.001
PB blast before SCT
Blast-negative 38981 004 1
Blast-positive 105 +5.0 253 1.19-5.41 0lé
HLA disparity
Match 302+£6.3 013 |
Mismatch 95164 238 1.05-5.35 037
Chronic GVHD
None 21973 014
Limited/extensive 440+99

DFS indicates disease-free survival; BM, bone marrow; PB, peripheral blood; CB, cord blood; SCT, stem cell transplantation; GVHD, graft-versus-host

disease.
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Figure 2. Time to NRM for 82 patients with refractory or relapsed
acute leukemia.

group of patients. In multivariate analysis, fewer courses
of pretransplantation chemotherapy was associated
with better DFS and relapse rate. Similar observations
have been reported previously [3,15]. As Schmid et al.
[15] reported, this difference is not attributable to
a higher NRM, as might be expected given the higher
cumulative organ toxicity in heavily pretreated patients.
These authors also reported that disease stage at the
time of transplantation did not differ between patients
pretreated with 2 or =3 courses of salvage chemother-
apy. These observations might offer clues to guide the
selection of chemoresistant leukemic cells during re-
peated reinduction attempts and possibly favor earlier
timing of allogeneic SCT once acute leukemia appears
to be refractory to chemotherapy. Prompt transplanta-
tion using HLA-mismatched/haploidentical blood and
BM grafts might be warranted for patients without
a suitable related matched donor [19]. Patients who
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Figure 3. Time to relapse for 82 patients with refractory or relapsed
acute leukemia.
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do not achieve remission after multiple salvage thera-
pies with circulating PB blasts might not be good
candidates for SCT.

We hypothesized that the leukemic burden, as
measured by the PB blast count and BM leukemia infil-
trate, would be important prognostic factors for out-
come. The results of our univariate and multivariate
analyses suggest that PB blasts can be predictive of
DFS. Our analysis confirms an association between
high disease burden and poor survival, as reported
previously [16-18]. The high relapse rate after SCT
suggests that current high-dose chemoradiation
regimens are often inadequate to eradicate leukemia.
Multiple preparative regimens have been tested in the
phase II setting in an attempt to improve outcomes in
patients with advanced leukemia, but none has demon-
strated superiority over other regimens [20]. This find-
ing supports the current practice of attempting
cytoreduction before proceeding with transplantation
in patients showing circulating blasts or extensive BM
disease. This argues in favor of further attempts at blast
reduction in patients with high blast counts, inevitably
increasing the time to transplantation.

Andrew etal. [21] reported an association between
a graft-versus-leukemia (GVL) effectand GVHD after
allogeneic SCT for refractory or relapsed acute leuke-
mia. However, in our study, cGVHD was significantly
associated with DFS and relapse rate in the univariate
analysis, but not in multivariate Cox regression model.
In the study of Andrew et al., the leukemic burden be-
fore transplantation was not included as a pretransplan-
tation variable in the analysis of factors that had
a significantly effect on clinical outcomes. A European
report of a large number of patients receiving cyclo-
sporine and methotrexate as GVHD prophylaxis docu-
mented a greater GVL effect associated with aGVHD
in CR1 compared with relapse [22]. High leukemic
burden and selection of chemoresistant leukemic cells
during repeated reinduction attempts may cause the
failure of complete donor chimerism, preventing the
development of cGVHD or a GVL effect in these
patients.

We found no difference in DFS, NRM, or relapse
rate between patients with ALL and those with AML/
AUL. A study based on data from the International
Bone Marrow Transplant Registry reported that the
GVL effect was greatest in AML, was of borderline sig-
nificance in chronic myelogenous leukemia, and was
absentin ALL [23]. However, these patients underwent
BM transplantatdon while in CR1. Ringden et al. [22]
noted that the GVL effect is most obvious in early dis-
ease. Our findings demonstrate that leukemic burden
is a more important factor in DFS than the difference
in disease between ALL and AML/AUL in patients
receiving SCT with refractory leukemia.

As in previous reports [16,21], we found a nonsig-
nificant trend in survival associated with classical
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Table 3. Risk Factors Associated with Relapse Rate

Prognostic Factors for Refractory or Relapsed Leukemia 521

Multivariate
Variables 5-Year Relapse Rate, % Univariate P Value HR 95% CI P Value
All recipients

Number of previous therapies

=2 596 £ 125 076 |

=3 70774 3.0l 1.29-7.03 011
Stem cell type

BM/PB 67.7+70 .034 |

CB 100 478 1.18-19.42 029
PB blast before SCT

Blast-negative 534x11.0 <.001 |

Blast-positive 882163 3.19 1.55-6.56 002
Chronic GVHD

None 782+74 .004

Limited/extensive 53.0+ 12.6

BM/PB recipients

Number of previous therapies

=2 53.6+ 139 059 |

=3 757 +73 3.66 1.51-8.83 004
PB blast before SCT

Blast-negative 519112 .002 |

Blast-positive 868+ 70 233 1.05-5.16 038
HLA disparity

Match 61.5+83 041 |

Mismatch 832+ 105 2.51 1.09-5.77 031
Chronic GYHD

None 76.0 + 8.1 .009

Limited/extensive 53.1 £ 126

BM indicates bone marrow; PB, peripheral blood; CB, cord blood; SCT, stem cell transplantation; GVHD, graft-versus-host disease.

prognostic cytogenetic features. Other groups have
reported a low relapse rate and better long-term survival
after SCT in patients with inv16 and t15;17, even in non-
complete remission [24,25]. In our study, there were no
patients with invl6 and t15;17, and few patients with
a good-risk chromosomal abnormality. Given the limited
number of padents with good-risk abnormalities, the

0.8+

Probability

0.2

0.04

Time (years)

Figure 4. Effect of previous therapy and the presence of PB blasts pre-
transplantation on DFS at 5 years. Outcomes for 54 patients who re-
ceived =3 courses of therapy before transplantation are shown. DFS
at 5 years was 28.0% (range, 19.0%-37.0%) in 25 patients without circu-
lating PB blasts (solid line) and 3.4% (range, 0%-6.8%) in 34 patients with
PB blasts (dashed line) (P =.004).

actual significance of each additional abnormality should
be investigated in a larger number of patients.

In our study, CB transplantation was significantly
associated with DFS and relapse rate. The diminished
GVHD after CB transplantation reported by some
investigators raises the concern that CB-derived cells
mightnot be capable of generating a sufficient GVL re-
sponse. However, the incidence of recurrent leukemia
after CB transplantation does not differ from that
reported in BM or PB transplantation [26]. Because
of the limited number of patients in our subgroup
analyses and the possibility of an unidentified bias
in stem cell source selection, our findings should be
verified by further analysis in a larger population.

In our BM and PB recipients, HLA disparity was
significantly associated with DFS and relapse. This
finding suggests that there may be several reasons for
the increased risk of relapse in the HLA-mismatched
group, such as selection bias and more heavy immuno-
suppressive therapy. Increased immunosuppression
might decrease the GVL effect [27].

Despite all of the recent advances in SCT, survival
of children with refractory or relapsed acute leukemia
has not changed significantly since the first reports of
BM transplantation more than 3 decades ago [28].
Our results suggest that innovative strategies are justi-
fied if allografting is to be contemplated in most pedi-
atric patients with refractory acute leukemia. Recent
sequential use of intensive chemotherapy, RIC
transplantation, and prophylactic donor lymphocyte



