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develop organ failure in utero, which may lead to premature
delivery.

In summary, the present study found that EGA, higher WBC
count, and liver dysfunction were significantly associated with
early death in DS neonates with TL. A simple risk stratification
system based on EGA and the WBC count was developed to
identify patients with a poor prognosis. Although validation by
an independent data set is warranted, this risk classification
could be useful for identifying high-risk patients who need
intervention, including low-dose chemotherapy. We are now
planning a prospective study that will assess early intervention
with low-dose chemotherapeutic agents in high-risk patients
with DS and TL.
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Abstract: A pilot study was undertaken using a myeloablative condi-
tioning with fludarabine, busulfan, and melphalan to improve the
outcome of HSCT in 10 children, aged six months to six yr, with
JMML. All patients were conditioned with oral busulfan (560 mg/m?),
fludarabine (120 mg/m?), and melphalan (180-210 mg/m?) prior to
HSCT, and received stem cells from bone marrow in seven cases, and
from cord blood in three cases. Engraftment was documented in eight
patients, whereas graft failure occurred in two, one of whom had
received HLA-mismatched cord blood and other had received bone
marrow from HLA-mismatched mother. Three patients, including two
in who graft failure had occurred, relapsed. Five patients developed
acute GVHD and two developed chronic GVHD. Seven patients are
alive and in remission 27-69 months after transplantation. Thus, our
study showed that HSCT following conditioning with fludarabine,
busulfan, and melphalan was well tolerated and appeared to be effective
for JIMML.
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JMML is a rare hematologic malignancy of early
childhood, which runs an aggressive clinical
course (1). Allogeneic HSCT is presently the
only curative treatment available for IMML (2).
Some studies have reported that a graft-vs.-
leukemia effect seems to play an essential role in
HSCT for IMML because the development of
chronic GVHD protects the patients against the
risk of disease relapse (2, 3). Until recently, most
studies published on the results of HSCT in
patients with JIMML had been performed on a
limited number of patients conditioned with
heterogeneous regimens. The EWOG-MDS/
EBMT group reported the outcome of JMML
in 100 children, who were given HSCT after a
homogenous preparative regimen consisting of
three alkylating agents: busulfan, cyclophospha-
mide, and melphalan, without TBI (4). These
results, when compared, were favorable to those
published previously, curing approximately 50%
of patients with JMML. In addition, the outcome
of HSCT recipients who received transplantation
from unrelated donor was comparable to that of
children who had received transplants from
HLA-identical siblings. Although allogeneic

Fludarabine-containing regimen for HSCT in JMML

HSCT for JMML has been shown to improve
outcome, leukemia recurrence has been repre-
sented as the main cause of treatment failure
after HSCT in JMML patients (5, 6). In this
report, we describe the outcome of 10 children
with JMML, who were given unmanipulated
HSCT after a uniform preparative regimen
comprising oral busulfan, fludarabine, and mel-
phalan.

Patients and methods

Patients

Ten consecutive patients with primary JMML underwent
HSCT after being given conditioning with fludarabine,
busulfan, and melphalan between June 2001 and November
2005. The patients in this study were diagnosed as suffering
from JIMML according to previously published criteria (7,
8). The patient characteristics at the time of diagnosis and
transplantation are listed in Tables 1 and 2, respectively.
Karyotypic abnormality was detected in one patient (no. 7),
who was diagnosed with monosomy-7, and chemotherapy
designed for AML was employed prior to transplantation in
this patient. The remaining patients were treated with var-
ious regimens. Low-intensity chemotherapy was based on
the use of mercaptopurine or low-dose cytosine arabinoside.
Splenectomy before HSCT was performed in one patient,

Table 1. Patient data at diagnosis

Age  WBC count  Platelets
No.  Sex ) ot {x10%L)  HbF (%)  Cytogenstics Mutations
1 M 0.1 97.0 230 60.0 46, XY N.T
2 F 31 190 260 55.0 46,XX PTPN11
3 M 54 96 13.0 439 46, XY NRAS
4 F 03 372 1.0 195 46,XX NT
5 M 1.6 56.6 63.0 62.3 48 XY NT
6 M 24 143 330 433 46 XY NT
7 F 0.6 238 102.0 9.2 46.XX, -7 +der W77 g1t} NT
8 M 1.0 53.1 1.0 5.2 46,XY NT
9 F 09 61.0 12.0 50.4 46,XX NRAS
10 M 37 56.6 100 26.4 46 XY PTPN1
F female; M, male; WBC, white blood cell; HbF, fetal hemoglobin.
Table 2. Patient characteristics at transplantation
WBC count BM Interval to
No. Age {yr} (x10%/L) blast (%} Spleen size {cm) Previous therapy HSCT {months})
1 05 97 38 5 6MP 5
2 37 1.0 60.9 12 8MP, VP, MIT, low-dose CA, 6
splenic irradiation 600 cGy
3 6.8 6.2 54 15 8MP 16
4 22 15.0 9.0 Splenectomized 6MP, fow-dose CA, splenectomy 22
5 1.9 101 100 [ 6MP 4
6 28 47 40 3 6MP 4
7 22 26 5.0 15 VP + CA {AML protocol} 19
8 18 89 14 Not palpable 6MP, PSL 7
9 12 1.0 6.0 6 6MP, PSL, VP 4
10 39 5.0 26 15 6MP, low-dose CA, splenic 3

irradiation 600 cGy

E female; M, male; WBC, white blood celf; BM, bone marrow; HSCT, hematopoietic stem cell transplantation; 6MP, mercaptopurine; VP, etoposide; MIT,
mitoxantrone; CA, cytosine arabinoside; AML, acute myelogenous leukemia; PSL, prednisclone.
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while two patients underwent splenic irradiation (6 Gy) to
palliate symptomatic splenomegaly. Only one patient (no. 2)
had >20% blasts in her bone marrow at the time of
transplantation, and one patient (no. 3) was older than four
yr at diagnosis.

Donor choice

Serologic typing for HLA-A and -B antigens, and a low-
resolution generic DRBI oligotyping were available for all
donor-recipient pairs. High or middle-resolution DNA
typing for all loci in unrelated donor-recipient pairs and
mismatched family donor-recipient pairs confirmed the
previous serological typing.

The patient-donor characteristics are shown in Table 3.
Of the 10 patients who received allogeneic HSCT, two
patients received allogeneic BMT from fully matched
unrelated donor (n = 2), one patient received allogeneic
BMT from an antigen-mismatched unrelated donor
(n = 1), one patient received fully matched unrelated cord
blood (n = 1), two patients received antigen-mismatched
unrelated cord blood (n = 2), three patients received
matched bone marrow from their siblings (n = 3), and one
received BMT from antigen-mismatched family donor
(n=1).

Preparative regimen and transplantation

All 10 patients were conditioned with busulfan 140 mg/m?
p.o. in divided doses daily for four days (total dose 560 mg/
m?), fludarabine 30 mg/m® once daily i.v. for four days
(total dose 120 mg/m?) and melphalan 90100 mg/m® once
daily i.v. for two days or 70 mg/m? once daily i.v. for three
days (total dose 180-210 mg/m?). Grafts for BMT were
non-T-cell-depleted marrow cells, whereas those for CBT
were cord blood stem cells. Basically, GVHD prophylaxis
for a matched sibling allograft was MTX alone for patients
younger than 10 yr old, and Cs-A was added to short-term
MTX for patients older than 10 yr old. But they varied and

Table 3. Transplantation characteristics and outcome

a single administration of MTX, Cs-A + short-term MTX
or tacrolimus + short-term MTX was employed in three
patients. Four patients given allograft from an alternative
donor received tacrolimus and short-term MTX. The com-
bination of Cs-A and short-term MTX was used in three
patients who received unrelated CBT. Detailed character-
istics regarding transplantation and its outcome are shown
in Table 3. This study was carried out according to the
guidelines of the Declaration of Helsinki and according to
good clinical practice, after informed consent.

Analysis of chimerism

Engraftment of the donor marrow was assayed using STR
analysis or FISH with XY chromosome-specific probes.

Results
Engraftment and GVHD occurrence

At a median of 28 days (range, 13-55 days),
eight patients had neutrophil engraftment
(>0.5x 10°/L) and at a median of 49 days
(range, 24-138 days), eight patients had an
unsupported platelet count of >50 x 10°/L.
Transplant outcomes are detailed in Table 3.
Two patients failed to engraft (nos. 4 and 10), of
which one had received 3-antigen mismatched
cord blood, while the other had received 2-anti-
gen mismatched bone marrow from his mother.
This patient possessed an anti-HLA antibody
against HLA-DR9, which was also present in the
mother. The patient later received a second
successful HSCT from an unrelated donor with
mismatched antigen, who did not possess HLA-
DRS9. Eight patients had 97.6-100% donor cells,

Conditioning HLA Cell Engraftment
Bu Flu L-PAM  Donor-stem  matching dose GVHD donor Acute  Chronic  Qutcome, months
No.  (mg/m? {mg/m?)  (mg/m? cell source  (DNA} (x10%kg} prophylaxis  cell {%; day) GVHD GVHD (interval after HSCT}
1 560 120 210 MUD-CB 6/6 0.96 MTX + Cs-A  100% (+45) | Absent  Alive {69)
2 560 120 200 MUD-BM 6/6 2.06 MTX + FK 976% {+29) 0 Lim Alive (39)
3 560 120 210 MSD-BM 6/6 3.66 MTX 93.2% (+22) i Ext Alive (34)
4-1 560 120 210 MMUD-CB  3/8 0.80 MTX + Cs-A No NA NA Relapse {day69)
4-2 T8I {10 Gy} + CY {120 mg/kg) MMUD-BM  4/6 Unknown  MTX + FK Yes | Absent  Relapse {seven after
second BMT),
died (30)
51 560 120 210 MSD-BM 6/6 4.30 MTX + FK 100% (+29) | Absent  Relapse {day120}
52 TBI {12 Gy} + CY {120 mg/kg) + VP MUD-BM 6/6 Unknown  MTX + FK NA NA NA Died (10}, IP
6 560 120 200 MUD-BM 6/6 5.20 MTX + FK 100% (+28) | Absent  Alive (30}
7 560 120 180 MMUD-BM  5/6 5.00 MTX + FK 99% {+27) 0 Absent  Alive (29)
8 560 120 210 MSD-BM 6/6 4.20 MTX + Cs-A 100% (+28) 0 Absent  Alive (27)
9 560 120 210 MMUD-CB  5/6 1.00 MTX + Cs-A  100% {+113) WV Absent  Alive {27}
10-1 560 120 180 MMFD-BM  4/6 473 MTX + FK No NA NA Relapse {day47)
10-2  TBI {12 Gy) + CY (120 mg/kg} MMUD-BM  5/6 5.34 MTX + FK Yes 0 NA Relapse (two after
second BMT),
died (8)

Bu, busulfan; Flu, fludarabine; L-PAM, melphalan; TBI, total body irradiation; CY, cyclophosphamide; VP, etoposide; GVHD, graft-vs.-host disease; MUD, matched
unrelated donor; MSD, matched sibling donor; MMUD, mismatched unrelated donor; MMFD, mismatched family donor; CB, cord blood; BM, bone marrow; MTX,
short-term methotrexate; Cs-A, cyclosporin A; FX, tacrofimus; Lim, limited type; Ext, extensive type; NA, not available; HSCT, hematopoietic stem celf transplantation;

IP, interstitial pneumonia.
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22-113 days after HSCT. Acute GVHD devel-

oped in five of eight evaluable patients, grade I'in
three patients, grade II in one and grade IV in
one. Chronic GVHD was observed in two out of
eight evaluable patients surviving beyond
100 days after HSCT, with a limited form in
one patient and extensive form in the other.

Toxicity and survival

RRT including moderate mucositis, hepatic
veno-occlusive disease, cardiac toxicity (of grade
II, according to Bearman’s grading system) and
hemorrhagic cystitis was observed in one patient
each; however, none of these complications were
fatal. Relapse occurred in three of 10 patients at
69, 120, and 47 days after HSCT, respectively
(nos. 4, 5, and 10). These patients received a
second BMT from an unrelated donor using a
preparative regimen consisting of TBI (10—
12 Gy) and cyclophosphamide (120 mg/kg).
One patient (no. 5) died of interstitial pneumo-
nitis at the time of second transplantation
whereas two other patients (nos. 4 and 10)
relapsed again at seven and two months after
the second transplantation, respectively, and
eventually died. The remaining seven patients
are still alive and are in complete remission after
HSCT, with a median observation time of
30 months (range, 27-69).

Discussion

The purpose of this study was to improve the
outcome of HSCT in JMML using a fludarabine-
containing regimen without using TBI. Fludara-
bine is a nucleoside analogue that has been
successfully employed for the treatment of low-
grade lymphoid malignancies (9). However, sev-
eral investigators have reported that it has also
been active in cases with acute myeloid leukemia
and myelodysplastic syndrome (10). The combi-
nation chemotherapy of FLAG (G-CSF) seemed
to produce good results in children with relapsed,
poor-prognosis acute monocytic leukemia (11).
The use of fludarabine may be effective in
suppressing the aggressive growth of malignant
clone of monocytes in JMML. The second point,
which favors the use of fludarabine, is its strong
cytotoxic activity against lymphocytes, which
consistently prolongs immunosuppression, facil-
itating the engraftment of hematopoietic stem
cells both from HLA-identical siblings and
unrelated donors (12). But graft failure was seen
in two who had received HLA-mismatched
HSCT. To overcome graft failure, particularly
in mismatched transplant, it may be necessary to
use low-dose TBI or more immunosuppressive

Fludarabine-containing regimen for HSCT in JMML

agents. Conventional CBT utilized a TBI or a
busulfan-based myeloablative conditioning regi-
men, which carries a high risk of morbidity and
mortality (13). On the other hand, Bradley et al.
(14) reported that reduced intensity CBT
may result in graft failure in specific high-risk
chemo-naive patients (chronic myelogenous
leukemia, hemophagocytic lymphohistiocytosis,
and myelodysplastic syndrome). In our study,
two of three patients were successfully trans-
planted with unrelated umbilical cord blood cells
using fludarabine-containing regimen. Although
there are very few data in the literature reporting
specific results and prognostic factors of CBT in
JMML, our experience suggests that a condi-
tioning with fludarabine, busulfan, and melpha-
lan may possibly decrease the mortality rate and
the risk of graft failure even in the case of CBT.
Fludarabine in combination with melphalan,
cyclophosphamide, or other agents can replace
TBI or can be used together with low-dose TBI
regimens (15, 16). Occurrence of long-term com-
plications such as growth retardation, infertility
(17) and appearance of a second malignancy are
the major concerns following TBI therapy in
children (18). Therefore, we decided to avoid
radiotherapy for treatment of JMML, a condi-
tion that occurs during early childhood. In our
study, no patient experienced life-threatening
regimen-related grade III/IV toxicities, such as
severe viral infection, idiopathic pneumonitis,
thrombotic microangiopathy, and veno-occlusive
disease of the liver. Grade IV acute GVHD
developed in one patient (no. 9). In this case, her
hepatosplenomegaly progressed, and Cs-A was
discontinued on day +17. Following resumed
Cs-A therapy, her acute GVHD improved and
she has maintained CR. Thus, the preparative
regimen consisting of busulfan, fludarabine, and
melphalan seems safe, because no patient died of
transplantation-related causes. Further long-
term follow-up is necessary to evaluate growth
retardation, infertility, and second malignancy.
Koyama et al. (19) presented a case using a
reduced intensity regimen consisting of fludara-
bine (30 mg/m® for four days) and melphalan
(70 mg/m? for two days) after AML-type che-
motherapy. JMML patients who respond to
chemotherapy might be considered as candidates
for a non-myeloablative preparative, reduced
intensity preparative regimen. Disease recurrence
remains the major cause of treatment failure for
JMML, and it is believed that both intensive
myeloablative conditioning and a graft-vs.-leu-
kemia effect are needed to eradicate the disease
(2, 3). Thus, further studies in the future are nec-
essary to compare the results between transplants
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conditioned with myeloablative regimens and
those conditioned with reduced intensity, non-
myeloablative regimens.

A high relapse rate has been the major cause
of failure of HSCT in JIMML. In patients with
JMML, relapse occurs early, generally within
the first year after the allograft (20). In this
study, only two out of 10 patients bear high-
risk features (age more than four yr, blast
count at HSCT > 20%) as defined by the
EWOG-MDS/EBMT study. The development
of chronic GVHD might be associated with
better survival, although the association was
not significant, possibly because of the small
sample size of the study. Seven of 10 patients
survived in complete remission for more than
two yr after HSCT even though only two
patients developed chronic GVHD. Among
three patients who relapsed, two failed to
engraft, and one had no signs of chronic
GVHD. Despite the use of a TBI conditioning
regimen for second BMT, two patients without
chronic GVHD relapsed again within the first
year after BMT. Yoshimi et al. (21) reported
that none of the six patients who developed
chronic GVHD after second HSCT relapsed. It
is reasonable to speculate that chronic GVHD
led to a stronger graft-vs.-leukemia effect and
resulted in a favorable outcome for allogeneic
HSCT in JIMML.

Although the number of patients was too small
for statistical analysis, this study indicates that a
preparative regimen consisting of fludarabine,
busulfan, and melphalan can be used satisfacto-
rily in conditioning patients with JMML who
receive transplantation, either in form of cord
blood or bone marrow not only from HLA-
matched siblings but also from alternative
donors. Further large studies are needed to
confirm any advantage of this choice.
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Summary

To characterize childhood acute megakaryoblastic leukaemia (AMKL), we
reviewed 45 children with AMKL diagnosed between 1986 and 2005 at
Nagoya University Hospital and Japanese Red Cross Nagoya First Hospital.
Twenty-four patients (53%) had AMKL associated with Down syndrome
(DS-AMKL) and 21 (47%) had non-DS-AMKL. The median age of the
DS-AMKL patients was 21 months (range, 8-38 months) and that of non-
DS-AMKL patients was 15 months (range, 2-185 months). The morphology
of blast cells was categorized into three groups according to the stage of
megakaryocyte maturation. The blast cells were more immature in DS-AMKL
than in non-DS-AMKL in terms of morphology and immunophenotyping,
Cytogenetic abnormalities of leukaemic cells were classified into seven
categories: normal karyotype including constitutional trisomy 21 in
DS-AMKL; numerical abnormalities only; t(1;22)(p13;q13); 3q21q26
abnormalities; t(16;21)(p11;q22); —5/del(5q) and/or —7/del(7q); and other
structural changes. The outcome of children with either DS-AMKL or non-
DS-AMKL is excellent. The 10-year overall survival estimate was 79% [95%
confidence interval (CI): 54-90] for DS-AMKL and 76% (95% CI: 58-91) for
non-DS-AMKL (P = 0-81) with a median follow-up of 78 months (range,
20-243 months). Our study shows the diverse heterogeneity of childhood
AMKL and the need for subclassification according to cytogenetic and
morphological features.

Keywords: acute megakaryoblastic leukaemia, Down syndrome, children,
cytogenetics, morphology.

Acute megakaryoblastic leukaemia (AMKL), M7 according to
the French-American-British (FAB) classification (Bennett
et al, 1985), is a subtype of acute myeloid leukaemia (AML)
(Bennett et al, 1985). Until now, only a few series of AMKL
have been reported in a consecutive cohort of children
(Ribeiro et al, 1993; Athale et al, 2001; Paredes-Aguilera ef al,
2003; Reinhardt et al, 2005). Large collaborative studies have
shown that AMKL occurs in 4'1% to 15:3% of patients with
childhood AML (Ravindranath et al, 1992; Gamis et al, 2003;
Creutzig et al, 2005; Zeller et al, 2005; Rao et al, 2006). These
previous studies revealed a diverse heterogeneity of the disease
including morphology and cytogenetic studies. In children,
two major subgroups have been described: AMKL in patients
with Down syndrome (DS-AMKL) and AMKL in patients
without Down syndrome (non-DS-AMKL). AMKL is the most
frequent type of AML in children with DS (Zipursky et al,

1987). Somatic mutations of GATAI are found in almost all
children with DS-AMKL (Wechsler et al, 2002; Hirose et al,
2003; Rainis et al, 2003). It is well known that patients with
DS-AMKL have an excellent outcome with less intensive
chemotherapy. In general, the remission rate is approximately
90% with event-free survival (EFS) of 70% to 80% (Gamis,
2005). The favourable outcome in patients with DS-AMKL has
been explained by the increased sensitivity of leukaemic cells to
anticancer drugs (Taub et al, 1999, 2000). On the other hand,
patients with non-DS-AMKL appear to be more heterogeneous
and several cytogenetic groups have been identified (Lu et al,
1993; Dastugue et al, 2002; Duchayne et al, 2003). Among
these groups, the occurrence of t(1;22)(p13;q13) is restricted to
infants with AMKL (Carroll et al, 1991; Lion et al, 1992;
Bernstein et al, 2000). The outcome of children with
non-DS-AMKL is generally poor (Ribeiro et al, 1993; Athale
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et al, 2001), but a recent study reported long-term survivors
after intensive chemotherapy (Reinhardt et al, 2005).

We reviewed 45 children with AMKL (24 DS-AMKL, 21
non-DS-AMKL) diagnosed between 1986 and 2005 at Nagoya
University Hospital and Japanese Red Cross Nagoya First
Hospital. The main purpose of this study was to compare
clinical and biological characteristics of patients with
DS-AMKL and non-DS-AMKL.

Patients and methods

Patients and diagnostic criteria of AMKL

Forty-five children with newly diagnosed AMKL (24 DS-AMKL,
21 non-DS-AMKL) at Nagoya University Hospital and Japanese
Red Cross Nagoya First Hospital between 1986 and 2005 were
retrospectively reviewed. Acute leukaemia was diagnosed by the
presence of at least 20% blasts in the bone marrow (BM)
according to the World Health Organization classification
(Harris et al, 1999). In patients with poor quality BM aspiration
smears, the presence of more than 20% blasts in the BM core
biopsy or 20% or more circulating blasts were used to support
the diagnosis of acute leukaemia. The diagnosis of AMKL was
established on the basis of FAB classification (Bennett et al,
1985) by studies of cell morphology and cytochemistry and was
confirmed by immunophenotyping.

For immunophenotyping of leukaemic blasts, mononuclear
cells were isolated by Ficoll-Hypaque density gradient centri-
fugation from the BM. In patients who did not have an
adequate BM aspirate, the immunological studies were
performed on peripheral blood (PB) mononuclear cells. The
cells were analysed by flow cytometry with a panel of
monoclonal antibodies. For the assessment of megakaryocytic
lineage, at least 10% of the blast cells needed to be positive for
one or more of the platelet-associated antigens (CD36, CD41,
CD42 or CD61) (San Miguel et al, 1988). For the other
immunological markers, the samples were defined as positive if
more than 20% of the cells were stained. In the absence of
immunophenotyping, the diagnosis was confirmed by electron
microscopic identification of platelet peroxidase (PPO) activity
or CD41 expression in the histopathological examination in
malignant cells.

Cytogenetic studies were performed on BM or PB samples
taken at the time of diagnosis; samples were processed and
analysed by standard methods.

Analysis of GATA1 mutation

After obtaining informed consent from the parents of the
children for the purpose of sample banking and molecular
analysis, BM or PB samples were obtained from all of the
patients with AMKL at the time of diagnosis. High-molecular
weight DNA was extracted from the samples using standard
methods. For screening of GATAI mutations, we amplified the
genomic DNA that corresponded to exon 2 of GATA! by using

© 2008 The Authors
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polymerase chain reaction that employed one primer pair as
previously reported (Hirose et al, 2003). Amplified products
were cloned into the pGEM-T Easy vector (Promega, Madison,
WI, USA) and sequenced on a DNA sequencer (310; Applied
Biosystems, Foster City, CA, USA) using a BigDye terminator
cycle sequencing kit (Applied Biosystems).

Treatment

In patients with DS-AMKL, six patients received chemotherapy
consisting of cytosine arabinoside (AraC) and dounorubicin
(Kojima et al, 1990, 1993) and 16 patients received chemo-
therapy consisting of AraC, etoposide, and dounorubicin or
pirarubicin (Kojima et al, 2000). One patient with mosaic DS
received intensive chemotherapy according to non-DS-AML
protocol containing high-dose AraC (AML99) (Shimada et al,
2006) and one patient received chemotherapy according to an
acute lymphoblastic leukaemia oriented protocol (Kojima et al,
1990). One patient who failed to achieve complete remission
(CR) by induction therapy underwent bone marrow trans-
plantation (BMT) from a human leucocyte antigen (HLA)-
matched unrelated donor.

In the patients with non-DS-AMKL, 18 patients were treated
in one of two national co-operative studies for AML (12 on
ANLL91, six on AML99). Two patients received less intensive
chemotherapy according to DS-AMKL protocol (Kojima et al,
1993). Twelve patients received BMT (autologous, seven;
allogeneic, five) in the first CR. Three patients who failed to
achieve CR after induction therapy received allogeneic stem
cell transplant (SCT: BM, two; cord blood, one). Two patients
who relapsed after allogeneic BMT in the first CR (one from
a matched sibling, the other from a matched unrelated donor)
received a second allogeneic BMT (one from a matched
unrelated donor, the other from a haploidentical related
donor). The indication for SCT varied over the study period
and was defined by individual protocol. In the ANLLY1 study,
allogeneic BMT was indicated in the first CR for patients who
had a matched sibling donor; patients without a matched
sibling donor were eligible for autologous BMT. AML99 study
did not indicate SCT for patients with AMKL in the first CR
without poor prognostic chromosome abnormalities such as
monosomy 7 or t(16;21). Conditioning regimens included
busulfan and melphalan; flodarabine was added in the
unrelated donor settings. Prophylaxis against graft-versus-host
disease consisted of ciclosporin and short-term methotrexate
therapy in BMT from a matched related donor and tacrolimus
and short-term methotrexate in SCT from an unrelated donor
or a mismatched related donor.

Statistical analysis

Non-parametric Mann-Whitney test was used to analyse
statistical differences in the distribution of continuous
variables. % test or Fisher’s exact test was used for differences
in frequencies. Survival distributions were estimated by using
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the method of Kaplan and Meier (1958) and were compared
using the log-rank test. All estimates of outcomes are reported
with 95% confidence intervals (CI). The duration of overall
survival (OS) was defined as the period between the date of
diagnosis and the date of death from any cause or the date of
the last follow-up examination. The duration of EFS was
defined as the period between the date of diagnosis and the
date of an adverse event (relapse, death from any cause) or the
most recent follow-up examination. Early death or remission
induction failure was recorded as an event at zero time, with an
EFS value of zero. SAS release 6.12 software (SAS Institute,
Cary, NC, USA) was used to perform the statistical analysis. P
values <0-05 were considered significant.

Results

Patients

During the period of study, 194 children with AML were
diagnosed in two hospitals; 45 (23-2%) of these had AMKL.
Twenty-four patients (53-3%) had DS-AMKL and 21 (46:7%)
had non-DS-AMKL. Among them, 11 patients with DS-AMKL
had been previously reported (Kojima et al, 1990, 1993, 2000).
Twenty-seven children with DS-AML/myelodysplastic syn-
drome (MDS) were diagnosed during the same period of
study. Among them, one patient was diagnosed as AML (M0)
and two were diagnosed as MDS. One of the patients with
DS-AMKL was trisomy 21 mosaicism. In the patients with
DS-AMKIL, eight patients (33:3%) had a history of transient
myeloproliferative disorder and 12 (50-0%) had prior MDS.
Congenital heart anomalies were present in 11 patients
(45-8%) with DS-AMKL. None of the patients with AMKL
had secondary leukaemia or mediastinal germ cell tumour. The
median age of DS-AMKL patient was 21 months (range,

8-38 months) and that of non-DS-AMKL was 15 months
(range, 2-185 months). Patients younger than 4 years at
diagnosis accounted for 95:6% (43 of 45) in both groups.

Clinical and laboratory features

Table I shows the clinical and laboratory findings at the time
of diagnosis. There were no statistically significant differences
in these findings between DS-AMKL and non-DS-AMKL
patients. The initial leucocyte count, BM blast cell count, and
lactic dehydrogenase activity tended to be higher in patients
with non-DS-AMKL than in those with DS-AMKL, but
differences were not significant. Nine patients (DS-AMKL,
eight; non-DS-AMKIL, one) had less than 20% blasts in the
BM; the BM of all nine patients was difficult to aspirate,
contributing to the low estimates of percentage of blasts. Six
patients (DS-AMKL, five; non-DS-AMKL, one) underwent
BM biopsy, which confirmed the presence of more than 20%
blast cells and the diagnosis of acute leukaemia. Three
DS-AMKL patients had more than 20% blasts in the PB;
which supported the diagnosis of acute leukaemia.

Morphological features

Forty-two of 45 BM smears were studied, as three smears of
patients with non-DS-AMKL were unevaluable. The leukaemic
cells of all 42 patients were negative for myeloperoxidase,
chloroacetate esterase, and alpha naphthyl butyrate esterase
activity. The morphology of blast cells was extremely varied and
was categorized it into three groups according to the stage of
megakaryocyte maturation: type 1, completely undifferentiated
blasts with nucleolus or vacuoles in the cytoplasm (Fig 1A
and B); type 2, intermediately differentiated blasts with
cytoplasmic blebs, sometimes a large cytoplasm and azurophilic

Table I. Clinical and laboratory findings at the

DS-AMKL non-DS-AMKL time of diagnosis.

Feature (n = 24) (n=21) p
Median age, months (range) 21 (8-38) 15 (2-185) 052
Sex

M/F ratio 12:12 042
Clinical findings

Fever, n (%) 12 (50) 14 (67) 033

Lymphadenopathy, n (%) 2(83) 6 (29) 0-12

Hepatomegaly, n (%) 16 (67) 14 (67) 1

Splenomegaly, n (%) 11 (46) 9 (43) 1
Laboratory findings

Haemoglobin, g/l (median, range) 83 (52-130) 82 (36-110) 0-38

Platelet count, x10°/1 (median, range) 26:0 (2-143) 240 (3-492) 072

Leucocyte count, X10°/1 (median, range) 6-8 (2:4-107°0) 179 (0'1-134'8) 007

Circulating blast cells, % (median, range) 150 (0-88) 13-0 (0-82) 095

Bone marrow blast cells, % (median, range) 250 (2-90) 50-0 (10-81) 0-09

Serum LDH, IU/L (median, range) 662 (260-6450) 1639 (338-8660)  0-11

DS-AMKL, Down syndrome-associated acute megakaryoblastic leukaemia; LDH, lactic

dehydrogenase.

© 2008 The Authors
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Fig 1. Morphological categories of the blasts. May-Giemsa staining of the bone marrow smears. (A) Type la: completely undifferentiated blasts.
(B) Type 1b: completely undifferentiated blasts with deep blue cytoplasm. (C) Type 2a: intermediately differentiated blasts with cytoplasmic blebs.
(D) Type 2b: intermediately differentiated blasts with cytoplasmic blebs and deep blue cytoplasm. (E) Type 3: blasts with dysmegakaryocytopoiesis.
(F) Type 3: blasts with micromegakaryocytes. Original magnification x1000 for all panels.

granules (Fig 1C and D); and type 3, blasts with dysmegak-
aryocytopoiesis (Fig 1E) including the presence of micro-
megakaryocytes (Fig 1F). The blast cells with deep blue
cytoplasm (type 1b, 2b) (Fig 1B and D) were distinguishable
from type la or 2a blasts (Fig 1A and C). The morphology of
blast cells in DS-AMKL and non-DS-AMKL were distributed as
follows: type 1 (63%, 39%), type 2 (25%, 39%), and type 3
(12%, 22%) (Tables II and III). Type 1b and 2b blasts were
detected in eight of 24 patients (33%) with DS-AMKL. The blast
cells tended to be less mature in DS-AMKL than in non-DS-
AMKL in terms of morphology. Seven patients presented with
type 3 morphology: four patients (DS-AMKL, one; non-DS-
AMKI, three) had increased numbers of micromegakaryocytes
with type 1 blasts, two patients with DS-AMKL had increased
numbers of dysmegakaryocytopoiesis, and one non-DS-AMKL
patient with t(16;21) showed type 3 blasts with emperipolesis
and cytophagocytosis, which are characteristic in patients with
t(16;21) (Imashuku et al, 2000). Dysplasia in trilineage blood
cells was seen in two patients (DS-AMKL, one; non-DS-AMKIL,
one). Prominent dyserythropoiesis without involvement of the
myeloid cell lineage was found in five patients (DS-AMKL,
three; non-DS-AMKL, two). Emperipolesis was observed in
three patients (DS-AMKL, two; non-DS-AMKL, one).

Immunophenotyping

All but one patient had immunophenotyping studies per-
formed (Tables II and III); the BM sample of one patient with
non-DS-AMKL who showed CD41 expression in blast cells by
histopathological examination and translocation t(1;22) was

© 2008 The Authors

insufficient and could not evaluated. The leukaemic cells of 44
patients expressed at least one platelet-associated antigen
(CD36, CD41, CD42, or CD61). The blast cells with low
expression of platelet-associated antigens in two patients
(DS-AMKL, one; non-DS-AMKL, one) were positive for
PPO. Among the myeloid antigens, CD13/CD33 was expressed
by leukaemic blast cells in 78%/53% and 60%/78% of patients
with DS-AMKL and non-DS-AMKL, respectively. Atypical
expression of lymphoid-associated antigens CD7 was detected
in 88% and 53% of patients with DS-AMKL and non-DS-
AMKL, respectively (P = 0-003). Glycophorin A was detected
only on the leukaemic cells of 47% of patients with DS-AMKL
(P = 0-009). Interestingly, 86% of the type 1b and 2b blasts
were positive for glycophorin A.

Cytogenetic findings

Cytogenetic studies were performed for 21 patients with
DS-AMKL and 21 patients with non-DS-AMKL (Tables II and
III). Three patients with DS-AMKL had insufficient BM
samples. Cytogenetic abnormalities of leukaemic cells were
classified into seven categories: normal karyotype including
constitutional trisomy 21 in DS-AMKL; numerical abnor-
malities only; t(1;22)(p13;q13); 3q21q26 abnormalities;
t(16;21)(p11;q22); —5/del(5q) and/or —7/del(7q); and other
structural changes. Normal karyotype including constitutional
trisomy 21 was found in five patients with DS-AMKL and in
two patients with non-DS-AMKL. Numerical chromosomal
abnormalities were common in non-DS-AMKL. Patients with
non-DS-AMKL had trisomy 8 (six patients), trisomy 19 (five
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Table II. Morphological classification, immunophenotype and karyotype of the 24 patients with Down syndrome-associated acute megakaryoblastic

leukaemia.
Immunophenotype (%)
Patient Age Morphological
no. (months) Sex classification  CD7 CDI13 CD36 CD41 CD42 GlyA Karyotype

A: Constitutional trisomy 21 only

1 32 F 3+Tri 57 19 42 10
2 21 F la 68 36 42 12
3 21 M 2b 72 17 55 56
4 21 F 3+Ep 18 45 NA 31
5 18 M 2b 53 78 81 43
B: Numerical abnormalities only
6 21 M la 83 20 NA 41
7 8 M 1la 56 10 NA 16
C: —5/del(5q) and/or —7/del(7q)
8 20 F ib 78 30 35 24
9 23 F la 36 29 83 76
10 24 F la+dE 90 30 35 24
i1 17 F 3+m 40 75 NA 14
12 20 F 2b 14 79 NA 4
13 38 M 2b+dE 81 83 NA 15
D: Other structural changes
14 20 F 1la 83 27 NA 59
15 18 M 1la 70 12 34 2
16 17 F la 51 4 NA 11
17 12 M 1la 89 36 NA 74
18 29 M 2b 60 43 69 14
19 25 F ia+dE 71 23 NA 41
20 18 M ib 52 37 NA 10
21 22 F 1b+Ep 99 78 88 59
22 8 M 1la 72 53 64 72
23 21 M 2a 87 12 33 20
24 19 F la 87 26 NA 40

14 NA  47,XX+21c

NA 13 47,XX,+21c

NA 20 47,XX,+21c

44 NA  47,XX,+21c

47 24 47,XX,+21c¢

42 2 51,XY,+8,+19,+21¢,+21,+22

23 NA  48,XY,+8,+21c

34 NA  47,XX,del(6)(g23q25),~7,+ring(7?),+21c

75 NA 46, XX,—1,+der(1)t(1;2),—5,+der(5)t(5;7),—7,+21c

34 NA  47,XX,del(7)(q32),+21c

12 12 47,XX,add(5)(p15),~7,+8,+21c

25 99 90,idemx2,~3,~7,~9,del(11)(q?),~18

20 4 47,XY,~7,48,+21¢,+1l

87 NA 48X, der(X)1(X;1)(q28;q25),+11,4+21c¢

2 38 47,XY,der(3)t(3;3)(p25;p10),i(7q), der(17)t(1;17)
(q25;q25),+21c

9 28 48,idem,add(5)(q1?),+11

19 15 47,XY,der(7)t(1;7)(q23;q36),del(20)(q11q13.1),+21c

34 62 47,XY,del(11){p?),+21c

NA 84  47,XX,t(512)(p15;q21),add(7)(p11),+21c,add(22)(q13)

26 32 48,idem,+add21

66 93 47,XX,add(7)(p11),add(19)(p13},+21c

75 4 NA
23 4 NA
NA 11 NA

GlyA, glycophorin A; Tri, trilineage dysplasia; NA, not available; Ep, emperipolesis; dE, dyserythropoieis; m, micromegakaryocytes.

patients), trisomy 21 {seven patients), and monosomy 7 (two
patients). Six patients with DS-AMKL had ~7/del(7q) and one
of them had both monosomy 5 and 7. The translocation
t(1:22) was found in two patients with non-DS-AMKL and
3q21q26 abnormalities, which are common in adult AMKL
(Lu et al, 1993; Tallman et al, 2000; Dastugue et al, 2002;
Duchayne et al, 2003), was found in one patient with non-DS$-
AMKL. The translocation t(16;21) was found in one patient
with non-DS-AMKL. These recurrent structural changes were
not observed in patients with DS-AMKL. The 11q23 abnor-
malities and the Philadelphia chromosomes were not detected
in either group. Other structural changes, such as t(5;12)
(p15;q21) was found in DS-AMKL and t(2;7)(p12;p22),
t(2;11;19)(q31;q13;q13) were found in non-DS-AMKL.

GATAI mutations

GATAI mutation analysis was performed in 17 of 24 patients
with DS-AMKL and 11 of 21 patients with non-DS-AMKL.
GATA! mutations were observed in all patients with

DS-AMKL and one patient with non-DS-AMKL. Ten of 17
patients with GATAI mutations in DS-AMKL were previously
reported (Hirose et al, 2003).

Qutcome

Twenty-three of 24 (96%) DS-AMKL patients achieved CR.
Three patients relapsed and died, and two other patients with
congenital heart anomalies died of congestive heart failure. Of
the 24 patients with DS-AMKL, 19 (79%) are currently alive.
Of the 21 patients with non-DS-AMKL, 16 (76%) achieved
CR. One patient with t(1;22) did not receive induction
therapy because of multiple organ failure on the day of
admission. Three of four non-responders to induction
therapy underwent successful allogeneic SCT and one patient
died of pneumonia. Twelve patients received BMT in the first
CR, four of whom relapsed and three of whom died. Five
patients received chemotherapy only, four of whom have
remained in CR. Overall, 16 of 21 patients (76%) are
currently alive.

© 2008 The Authors
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Table III. Morphological classification, immunophenotype and karyotype of the 21 patients with non-Down syndrome-associated acute
megakaryoblastic leukaemia.

Immunophenotype (%)

Patient Age Morphological
no. (months) Sex classification CD7 CD13 CD36 CD41 CD42 GlyA Karyotype
A: Normal karyotypes
1 147 F 3+m 66 95 42 53 19 1 46,XX
2 18 M 2a+Tri 25 54 40 4 2 4 46,XY
B: Numerical abnormalities only
3 3 F NA i 88 NA 77 54 8 48,XX,+21,+22
4 15 F 2a 42 9 NA 68 10 NA 58,XX,+X,+2,+2,+6,+7,+8,+10,+13,+15,+19,+19,+22
5 38 F ia 38 30 NA 10 4 NA 49,XX,+12,+18,+22
6 i2 F NA NA 30 NA 95 NA NA 57,XX,+2,+4,+6,+7,+8,+10,+14,+15,+19,+19,+22
7 45 M 1la 95 3 NA 86 3 1 48,idem,+8
8 2 M 2a 19 32 NA 46 18 5 51,XY,+6,+7,+8,+19,+21
C: ¢(1;22)(p13;q13)
9 2 F 2a+dE NA NA NA NA NA NA  46,XX,t(1;22)(p13;q13)
10 12 M la 5 13 NA 67 70 NA  51XY,+der(1)t(1;22)(p13;q13),t(1;22)(p13;q13),
+6,+7,+10,+19
D: 3q21q26 abnormalities
1 12 M la 4 3 64 48 47 NA  46,XY,~11der(11)t(311)(q21;p15)
E: t(16;21)(p11;922)
12 38 M  3+Ep 3 69 NA 33 33 NA 46,XY,t(16;21)(pl1;q22)
F: -7
13 8 F la 30 7 NA 82 80 NA 46,XX,—7,—7,del(11)(p11),+2mar,inc
14 41 M 3+m 66 43 NA 28 32 8 47,XY,-7,421,+ring(1)
G: Other structural changes
15 7 M la 12 65 NA 57 NA NA 46,XY,t(2;7)(p12;p22)
16 28 F la NA NA NA 30 17 1 5L,XX,+X,6p+,6p+,—13,+21,+21,+2mar
17 35 E  3+m 3 18 2 78 1 NA  47,XX,add(16)(p13),+21 .
18 12 F  2a+dE 30 5 62 67 55 5 46,XX,t(2:11;19)(q31,q13;,q13.4),del(3) (q23), 13q—
19 6 F NA NA 10 NA 52 53 NA 51,XX,4p-+,11q+,14q+,+17,+19,+21,+22,+mar
20 33 F 2a 5 2 12 5 1 1 46,XX,del(2)(q11),del(2)(q31),der(5)t(235) (q1 1;922),
der(5)t(5;13)(q35;q14),—13,add(16)(p13),+mar
21 185 F 2a 59 90 NA 16 4 NA  49,XX,+5,+8,i(17)(q10),+21

GlyA, glycophorin A; Tri, trilineage dysplasia; NA, not available; Ep, emperipolesis; dE, dyserythropoiesis; m, micromegakaryocytes.

The estimate of 10-year OS was 79% (95% CI: 54-90) for
patients with DS-AMKL and 76% (95% CI: 58-91) for patients
with non-DS-AMKL with a median follow-up of 78 months
(range, 20-243 months) (P = 0-81, Fig2). The estimate of
10-year BFS was 79% (95% CL: 58-91) for patients with
DS-AMKL and 57% (95% CL: 36-77) for patients with non-
DS-AMKL (P = 0-09, Fig 3). The outcome of DS-AMKL and
non-DS-AMKL was comparable. In non-DS-AMKL, the esti-
mated OS of the 15 children who received SCT (79%, 95% CI:
51-93) did not differ from five children treated with chemo-
therapy alone (80%, 95% CI: 30-97) (P = 0-95).

Discussion

In the current series, 23-2% of patients with AML were
identified as having AMKL; this frequency was higher than
those found in several collaborative group studies of childhood
AML (Ravindranath et al, 1992; Gamis et al, 2003; Creutzig
et al, 2005; Zeller et al, 2005; Rao et al, 2006). The relative

® 2008 The Authors

frequency of AMKL has varied markedly, ranging from 4:1% to
15'3%. There are possible explanations for the high proportion
of AMKL in our series. One is the difference in prevalence of
DS-AMKL. The proportion of DS-AMKL in this study was
53-3%, which was much higher than those of other institu-
tions. For example, the ratio of DS-AMKL to non-DS-AMKL
was 6:35 in the report from St. Jude Children’s Research
Hospital (Athale et al, 2001). In the 1980s and early 1990s, the
outcome of patients with DS-AMKL was generally poor (Levitt
et al, 1990). Most DS-AMKL patients have not been enrolled
in clinical studies. In the German (Berlin-Frankfurt-Miinster;
BEM) co-operative group studies, the percentage of patients
with DS has gradually increased since study 78 (1:9%), study
83 (5'6%), study 87 (8:1%), study 93 (9:7%) and study 98
(12:9%) (Creutzig et al, 2005). On the other hand, among
patients registered in the population-based Nordic study
between 1984 and 2001, 72 of 515 (14:0%) children with
AML had DS (Zeller et al, 2005), which is similar to the
percentage in our study, in which 25 of 194 patients (12:9%)
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Fig 2. Estimated probability of overall survival for 24 patients with AMKL associated with Down syndrome (DS-AMKL) and 21 patients with non-
DS-AMKL. The estimate of 10-year overall survival was 79% [95% confidence interval (CI): 54-90] for patients with DS-AMKL and 76% (95% CI:

58-91) for patients with non-DS-AMKL (P = 0-81).
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Fig 3. Estimated probability of event-free survival for 24 patients with AMKL associated with Down syndrome (DS-AMKL) and 21 patients with
non-DS-AMKL. The estimate of 10-year event-free survival was 79% (95% CI: 58-91) for patients with DS-AMKL and 57% (95% CI: 36-77) for

patients with non-DS-AMKL (P = 0-09).

with AML had DS. Our clinical trial for DS-AMKL used a less
intensive regimen that had been specifically designed for DS-
AMKL in the mid-1980s (Kojima et al, 1990, 1993, 2000).
Therefore, patients with DS-AMKL were not excluded from
the data file, which may account for the higher proportion of
DS-AMKL in our series. In a report from Mexico, 29 of 152
(19:1%) children with AML were diagnosed as AMKL among
whom only one patient had DS (Paredes-Aguilera et al, 2003).

The incidence of non-DS-AMKL was 12-4% in our non-DS-
AML series, which might also be higher than those of other
reports. Immunophenotyping with platelet-associated antigens
and electron microscopic identification of PPO were intro-
duced over 15 years ago in our hospitals (Kojima et al, 1990).
The incidence of AMKL might have been underestimated
because of its diverse clinical presentation and requirement of

558

specific laboratory methods in early reports. As previously
described, 19-1% of children with AML had AMKL in a report
from Mexico (Paredes-Aguilera et al, 2003). The incidence of
AMKL might be different between western countries and non-
western countries. We speculate that AMKL represents
approximately 10% of all cases of non-DS-AML in children.
In the current study, the morphology of blast cells was
categorized into three groups (type 1, type 2, or type 3)
according to the stage of megakaryocyte maturation, modelled
according to the FAB classification of myeloid leukaemia
(Fig 1). The blast cells with deep blue cytoplasm (type 1b, 2b)
were only detected in patients with DS-AMKL and were
positive for glycophorin A in all but one patient. Erythroid-
specific mRNAs encoding y-globin and erythroid 3-amino
levulinate synthase were expressed in blasts from all patients

© 2008 The Authors
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with DS-AMKL (Ito et al, 1995). These findings suggest that
type 1b and 2b blasts arise from bipotent megakaryocyte/
erythrocyte progenitors. A high incidence of the co-expression
of the T cell-associated marker CD7 in patients with DS-
AMKL compared with patients with non-DS-AMKL was also
observed. In addition to mature T cells, the CD7 antigen is
expressed on immature haematopoietic cells (Kita et al, 1993;
Creutzig et al, 1995). In terms of morphology and immuno-
phenotype, the blast cells were more immature in patients with
DS-AMKL than in those with non-DS-AMKL.

The cytogenetic profile of AMKL is complex, which reflects
the heterogeneity of the disease. In the current study, seven
cytogenetic groups were identified. The translocation
t(1;22)(p13;q13), which produces the RBMI5-MKLI fusion
gene (Ma et al, 2001; Mercher et al, 2001, 2002), was detected
in two patients (4-3%) with non-DS-AMKL. This frequency
was lower than in another study (Dastugue et al, 2002;
Duchayne et al, 2003). Dastugue et al (2002) reported that
RBMI15-MKLI transcript was detected in one patient with
a normal karyotype, suggesting that the molecular determina-
tion method may increase the detection of t(1;22) transloca-
tion. The 3q21q26 abnormalities were observed in one patient
with non-DS-AMKL. The 3q21q26 abnormalities are rare in
childhood AMKL (6-7% in Dastugue et al, 2002), while they are
seen in 17% to 20% of adult AMKL patients (Lu et al, 1993;
Tallman et al, 2000; Dastugue et al, 2002; Duchayne et al,
2003). The translocation t(16;21)(p11;q22) generating a FUS-
ERG transcript (Kong et al, 1997) was found in one patient
with non-DS-AMKL. This translocation has been found in all
subtypes of AML except M3, including several cases with
AMKL. The patient with t(16;21) in our series morphologically
showed type 3 blasts with emperipolesis and cytophagocytosis.
These morphological findings of BM are characteristic of
patients with t(16;21), regardless of FAB dlassification (Imash-
uku et al, 2000). These recurrent structural changes were not
observed in patients with DS-AMKL. On the other hand,
monosomy 7/del(7q) was more frequent in patients with
DS-AMKL (29%) than non-DS-AMKL (9:5%). Monosomy
5/del(5q) was found in only one patient with DS-AMKL who
had also monosomy 7. In non-DS-AMKL, trisomies (+8, +19,
+21) were more frequent than DS-AMKL, as. previously
reported (Lu et al, 1993; Dastugue et al, 2002; Duchayne et al,
2003; Reinhardt et al, 2005). Acquired trisomy 21 is a common
chromosome gain of childhood AMKL, reported in 23% to
43% of patients with non-DS-AMKL (Ribeiro et al, 1993;
Athale et al, 2001). In our study, acquired trisomy 21 was
found in 33% of patients with non-DS-AMKL. Coupled with
other reports, acquired trisomy 21 seems to have a higher
incidence in non-DS-AMKL in children than in other child-
hood non-DS-AML. The 11q23 abnormalities are often
detected in childhood AMKL (Athale ef al, 2001; Reinhardt
et al, 2005), although not in the current study. The Philadelphia
chromosomes or i(12)(p10) with mediastinal germ cell tumour,
which were mainly found in adult AMKL (Dastugue et al, 2002;
Duchayne et al, 2003), were also not found in the current study.

© 2008 The Authors
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GATAI mutation analysis was performed in 17 of 24 patients
with DS-AMKL and 11 of 21 patients with non-DS-AMKL.
GATAI mutations were observed in all patients with DS-AMKL
as previously reported (Wechsler et al, 2002; Hirose et al,
2003). In contrast to DS-AMKL, GATAI mutations were rarely
found in patients with non-DS-AMKL. To date, only four
children with GATAI mutations in non-DS-AMKL have been
reported (Rainis et al, 2003; Bourquin et al, 2006). Interest-
ingly, all of them had acquired trisomy 21 in their leukaemic
cells. Our non-DS-AMKL patient with GATAI mutation did
not have acquired trisomy 21 in his leukaemic cells.

Before the 1990s, most patients with DS-AML were treated
outside of clinical studies and received suboptimal therapies,
resulting in poor outcomes (Levitt et al, 1990). Following the
recognition of the favourable outcome when treated with
protocols of the collaborative study group for AML (Ravindr-
anath ef al, 1992), there has been an increase in recruitment
into protocol studies. However, it has become apparent that
resistant disease is rare but treatment-related deaths are
frequent in most series (Creutzig et al, 1996; Lange et al,
1998), and several collaborative groups adapted their AML
protocols for DS-AML by reducing the dose of chemothera-
peutic agents (Creutzig et al, 2005; Zeller et al, 2005; Rao et al,
2006). In recent reports, 5-year survival rate have been in
excess of 80%, largely because of reductions in treatment-
related deaths with a decrease from 30% to 40% in the early
1990s to around 10% in recent studies (Creutzig et al, 2005;
Zeller et al, 2005; Rao et al, 2006). Since the mid-1980s, we
have used a less intensive regimen specifically designed for DS-
AML (Kojima et al, 1990, 1993, 2000). The excellent outcome
of DS-AMKL may originate from early use of a regimen
specific for DS-AML.

The 10-year OS in our series was 76% (95% CL: 58-91) for
patients with non-DS-AMKL, which was superior to those of
other reports (Ribeiro et al, 1993; Athale et al, 2001; Reinhardt
et al, 2005). The prognosis for children with non-DS-AMKL
was poor in previous reports. According to the report from St
Jude Children’s Research Hospital, the 2-year OS was only
14%, which was significantly higher after allogeneic SCT (30%)
than after chemotherapy alone (0%) (Athale et al, 2001). The
result of a recently published report on AMKL from the
European Group for Blood and Marrow Transplantation was
excellent (Garderet et al, 2005). Three-year OS was 82% in 19
children after allogeneic SCT and 61% in 38 children after
autologous SCT. The authors recommended allogeneic SCT
when an HLA-matched sibling is available; otherwise, autol-
ogous SCT should be used for children with AMKL in first CR.
However, this report included 11 children with DS and
analysed the outcome of children with DS and without DS
together, which confused the interpretation of the results. In
the current study, 5-year OS was 79% in patients who received
SCT, which did not differ from patients achieving CR and
being treated with chemotherapy alone (80%, P = 0-98). In
a recent report from the BFM collaborative group, the 5-year
OS was 43% in the SCT group and 54% in the chemotherapy
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group (P = 0-37) (Reinhardt et al, 2005). The recent use of
intensified chemotherapy may abrogate the indication of
allogeneic SCT for children with non-DS-AMKL.

In conclusion, our study shows the diverse heterogeneity of
childhood AMKL and the differences in the clinical and
biological presentation between DS-AMKL and non-DS-
AMKL. Subdlassification according to megakaryocyte matura-
tion and cytogenetic abnormalities in childhood AMKL is

warranted. Cellulaire (GFHC). Leukaemia & Lymphomna, 44, 49-58.
Gamis, A.S. (2005) Acute myeloid leukemia and Down syndrome
evolution of modern therapy-state of the art review. Pediatric Blood
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Prospective multicenter trial comparing repeated immunosuppressive therapy with
stem-cell transplantation from an alternative donor as second-line treatment for
children with severe and very severe aplastic anemia
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We conducted a prospective multicenter
study to compare the efficacy of repeated
immunosuppressive therapy (IST) with
stem-cell transplantation (SCT) from an
alternative donor in children with ac-
quired aplastic anemia (AA) who failed to
respond to an initial course of IST. Pa-
tients with severe (n = 86) and very se-
vere disease (n = 119) received initial IST
consisting of antithymocyte globulin
(ATG) and cyclosporine. Sixty patients
failed to respond to IST after 6 months

from the initial IST and were eligible for
second-line treatment. Among them,
21 patients lacking suitable donors re-
ceived a second course of IST. Three
patients developed an anaphylactoid reac-
tion to ATG and could not complete the
second IST. A trilineage response was
seen in only 2 of 18 (11%) evaluable
patients after 6 months. Thirty-one pa-
tients received SCT from an alternative
donor. At 5 years from the initiation of
second-line therapy, the estimated failure-

free survival (FFS), defined as survival
with response, was 83.9% (+ 16.1%, SD)
in the SCT group compared with 9.5%
(= 9.0%) in the IST group (P = .001). These
results suggest that SCT from an alterna-
tive donor offers a better chance of FFS
than a second IST in patients not respond-
ing to an initial IST. (Blood. 2008;111:
1054-1059)

© 2008 by The American Society of Hematology

Introduction

Acquired aplastic anemia (AA) is a heterogeneous disorder
characterized by pancytopenia of peripheral blood and hypocel-
lular marrow. Currently 2 effective treatments are available for
this disorder: hematopoietic stem cell transplantation (SCT) and
immunosuppressive therapy (IST). There are several reports
comparing bone marrow transplantation (BMT) and IST as
first-line treatment for AA.!* These studies indicate that alloge-
neic BMT from an HLA-matched sibling donor is the treatment
of choice for young patients. IST consisting of antithymocyte
globulin (ATG) and cyclosporine (CyA) with or without
granulocyte-colony stimulating factor (G-CSF) has been success-
fully used for patients with AA who lack an HLA-matched
sibling donor or who are not eligible for SCT. Several reports
indicate that 2- to 5-year survival following IST is between 60%
and 90%.57 We reported results of a multicenter trial of IST for
children younger than 18 years with AA (AA-92 trial).? In the
AA-92 trial, 119 children with newly diagnosed AA were
enrolled, and the response rate at 6 months was 71%, with the
probability of survival at 4 years greater than 90%. However,

approximately 30% of the patients did not respond to an initial
course of IST. Moreover, a significant proportion of patients
subsequently relapsed and required second-line therapy.® The
optimal treatment for such patients has not been established.

A repeated course of IST has been used for patients who fail to
respond to, or who have relapsed after an initial course of, IST.
Tichelli et al reported the results of a Basel study that consisted of
repeated courses of IST, using ATG from the same species (horse)
for nonresponders.!® In their study, repeated IST was well tolerated
and the response rate was 63%. An Italian group reported the
results of repeated IST using ATG from different species (horse to
rabbit), where the response rate was also high.!! Investigators at the
National Institutes of Health (NIH) recently reported the results of
retreatment with rabbit ATG and CyA in 22 patients refractory to
horse ATG and CyA. Contrary to the reports from Europe, the
overall response rate was only 27% and no patients achieved
complete response.!2

SCT from an alternative donor has also been used as salvage
therapy for patients not responding to IST because recent progress
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in the management of patients who undergo SCT, and better
selection of donors by DNA typing of HLA loci, has improved the
outcome for these patients.!*!* However, no prospective study has
been performed to date comparing repeated IST versus SCT from
an alternative donor as second-line therapy. Therefore, we con-
ducted a prospective multicenter trial to compare these 2 treatment
options for pediatric patients with severe and very severe AA who
had failed to respond to initial IST.

Methods

Patients

This multicenter study was designed by the Japan Childhood Aplastic
Anemia Study Group and involved 79 hospitals in Japan. The eligibility
criteria were as follows: age younger than 18 years, diagnosis less than
180 days before registration, no specific prior treatment for AA, and severe
to very severe disease. The definition of disease severity was determined
according to currently used criteria.!® The disease was considered severe if
at least 2 of the following were noted: a neutrophil count less than
0.5 X 10°L, a platelet count less than 20 X 10%/L, and a reticulocyte count
less than 20 X 10%L with hypocellular bone marrow. AA was considered
very severe if the criteria for severe disease were fulfilled and the neutrophil
count was less than 0.2 X 10%L. Patients were excluded if they had
congenital AA. Patients were screened for paroxysmal nocturnal hemoglo-
binuria (PNH) by flow cytometry using anti-CD55 and anti-CD59 antibod-
ies. Bone marrow cytogenetic studies were performed in all patients.
Allogeneic SCT was recommended for patients with severe or very severe
disease who had an HL.A-matched sibling: these patients were not included
in AA-97 study.

Treatment protocol

Patients with very severe disease were treated with IST, which consisted of
horse ATG (Lymphoglobulin; IMTIX-SANGSTAT, Lyon, France) 15 mg/kg per
day on days 1 through 5; CyA 6 mg/kg per day from day 1 until at least day
180, with subsequent adjustment according to whole blood CyA concentra-
tion between 100 and 200 ng/mL; methylprednisolone (MePred) 2 mg/kg
per day for 5 days, with subsequent halving of the dose every week until
discontinuation on day 28 for prophylaxis of allergic reaction of ATG; and
G-CSF (Filgrastim, Kirin, Tokyo, Japan) 400 wg/m? per day from day 1,
with responding patients (neutrophil count > 10%/L) receiving the same
dose 3 times a week for 60 days (ATG/CyA/MePred/G-CSF). Patients with
severe disease were given the same treatment regimen, with the exception
that G-CSF was not given unless severe infection was documented
(ATG/CyA/MePred).

The hematologic response was evaluated at 6 months after the initiation
of therapy. A complete response (CR) was defined for all patients as a
neutrophil count more than 1.5 X 10%L, a platelet count more than
100 X 10%L, and a hemoglobin level more than 11.0 g/dL.# A partial
response (PR) was defined as a neutrophil count more than 0.5 X 10%L, a
platelet count more than 20 X 10%L, a hemoglobin level more than 80 g/L
(8.0 g/dL) and no requirement of blood transfusions. Patients with very
severe or severe disease who failed to respond to initial IST underwent SCT
if they had a serologically HLA-matched unrelated donor, HL.A-one antigen
mismatched family donor, or HLA-matched or HLA-one antigen mis-
matched unrelated cord blood donor at the time of evaluation. Those
lacking a suitable donor received a second course of IST. A second course of
IST consisted of the same regimen (horse ATG/CyA/MePred) used in the
initial treatment of each patient. To reduce the risk of an anaphylactoid
reaction to treatment with horse ATG, patients were initially given a
100-fold diluted dose of ATG as a test dose. An antihistamine was
administered to all patients receiving a second course of IST to suppress
allergic reactions.

The recommended conditioning regimen for SCT from an alternative
donor consisted of cyclophosphamide (CY, 120 mg/kg), rabbit ATG
(Thymoglobulin, IMTIX-SANGSTAT, 10 mg/kg), and total body irradia-

REPEATED IST VS ALTERNATIVE DONOR SCT FORAA 1055
Table 1. Pretreatment characteristics
SAA VSAA

Registered 86 119
Evaluable 84 117
Sex (M/F) 48/36 65/52
Median age, y (range) 8 (0-17) 9 (0-15)
Cause of AA

idiopathic 73 91

Hepatitis 8 24

Viral infection 1 2

Drug 2 0
Median days from diagnosis to 13 (1-94) 19 (1-179)

treatment (range}

SAAindicates severe aplastic anemia; VSAA, very severe aplastic anemia

tion (TBI, 10 Gy) or CY (3000 mg/m?), rabbit ATG (10 mg/kg), fludarabine
(100 mg/m?2), and local field irradiation (3 Gy).!%!” Prophylaxis against
graft versus host disease (GVHD) consisted of a combination of CyA
(3mg/kg per day) or tacrolimus (0.02mg/kg per day) plus short-term
methotrexate. CyA dose were adjusted to maintain whole blood concentra-
tion of 100 to 200 ng/mL and tacrolimus dose 5 to 10 ng/mL, respectively.

Informed written consent was obtained from all patients or their parents
in accordance with the Declaration of Helsinki. The study was approved by
the ethics committee of each participating hospital. The list of participating
hospitals can be found in Document S1, (available on the Blood website;
see the Supplemental Materials link at the top of the online article).

Statistical analysis

The primary end point of this study was failure-free survival (FFS) after
second-line therapy, which was defined as survival with response. Death, no
response by 6 months, disease progression requiring clinical intervention,
or relapse were considered treatment failures.!® Overall survival and FFS
were analyzed using the Kaplan-Meier method. Differences between the
2 arms of the study were evaluated by the log-rank test. P less than .05 was
considered statistically significant.

Results
Patient characteristics

From October 1997 to April 2004, 205 patients with newly
diagnosed severe (n = 86) and very severe AA (n = 119) were
enrolled in the AA-97 study (Table 1). An interim analysis was
performed in April 2005. Four patients were excluded from further
analysis for the following reasons: IST without ATG (2 patients) or
stem cell transplantation within 4 months of diagnosis (2 patients).
Two patients without any granulocytes were not treated with ATG
because of severe infections; both of them died of fungal pneumo-
nia within 2 months of diagnosis. Both patients who underwent
SCT within 4 months of diagnosis died of graft rejection or cardiac
toxicity to the preconditioning regimen. There were 2 further
deaths within 6 months of patient registration: hemolysis of
unknown cause and aspiration pneumonia. None of the patients
was diagnosed with PNH at the time of registration. Severe and
very severe AA were associated with hepatitis in 32 patients, with
other viral infection in 3 patients, and with medication use in
2 patients. The median days (range) from diagnosis to treatment of
severe and very severe AA were 13 (1-94) days and 19 (1-179)
days, respectively (Table 1).

Trilineage hematologic response

At 3 months after the initiation of therapy, 49 patients (58%) with
severe AA and 46 patients (39%) with very severe AA had



