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twice-daily infusions of
cyclosporine A for graft-versus-—
host-disease prophylaxis in
pediatric hematopoietic stem
cell transplantation.
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for Hematopoietic Cell
Transplantation.
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Acute myeloid levkasmia {AML) is 2 group of heteroge-
neous disorders. This heterogeneity was first observed as dif-
ferences in the morphology of leukaemic cells and the
morphological classification, introduced by the French-
American-British  (FAB) haematologists, has been widely

First published online 8 July 2014
doi: 10.1111/bjh. 12893

Summary

The clinical characteristics and prognostic relevance of acute myeloid leu-
kaemia (AML) with myelodysplastic features remains to be clarified in chil-
dren. We prospectively examined 443 newly diagnosed patients in a
multicentre clinical trial for paediatric de novo AML, and found ‘AML with
myelodysplasia-related changes’ {AML-MRC) according to the 2008 World
Health Organization classification in 93 (21-0%), in whom 59 were diag-
nosed from myelodysplasia-related cytogenetics alone, 28 from multilineage
dysplasia alone and six from a combination of both, Compared with 111
patients with ‘AML, not otherwise specified’ (AML-NOS), patients with
‘AML-MRC" presented at a younger age, with' a lower white blood cell
count, higher incidence of 20-30% bone marrow blasts, unfavourable cyto-
genetics and a lower frequency of Fms-like tyrosine kinase 3 internal tan-
dem duplication (FLT3-ITD), NPMI and CEBPA mutations. Complete
remission rate and 3-year probability of event-free survival were signifi-
cantly worse in ‘AML-MRC' patients (67-7 vs. 85-6%, P < 0-01, 37-1% vs.
53-8%, P = 0-02, respectively), but 3-year overall survival and relapse-free
survival were comparable with ‘AML-NOS’ patients. By multivariate analy-
sis, FLT3-TTD was solely associated with worse overall survival, These
results support the distinctive features of the category ‘AML-MRC’ even in
children,

Keywords: paediatric acute myeloid leukaemia, WHO classification, multi-
lineage dysplasia, myelodysplasia.

aceepted as the cornerstone of AML diagnosis {Bennett e al,
1976}, With the progress in diagnostic techniques, however,
much attention became to be paid to cytogenetic and molec-
ufar diversity, which provided deeper insights into the biol-
ogy of AML. Thus, the World Health Organization {WHO)
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introduced a new classification for AML that incorporated
cytogenetics in the systern (Harris e al, 1999), In 2008, the
WHO . classification  was revised, and recently acquired
genetic information and evidence for its clinical impacts was
incorposated into an updated classification scheme for AML
{Vardiman ef al, 2009), Onc of the revisions includes a new
category “AML with myclodysplasia-related  changes’ (AML-
MRC), Patients are assigned to this category for any one of
following three reasons: (i) AML arising from previous
myelodysplastic syndrome (MDS) or an MD$/myeloprolifer-
ative neoplasm, () AML with a specific MDS-related cyto-
genetic abnormality, andfor (i) AML with multilineage
dysplasia. Althongh recent studies have validared this system,
including the importance of multilineage dysplasia (Wein-
berg et al, 2009), others have supgested that mudtilineage
dysplasia correlates with unfavourable cytogenetics and has
no independent impact on prognosis (Miesner er al, 2010).

Given that AML with myclodysplastic features has been
assumed to be raré in paediatric population, only a few small
series have reported the clinical and pathological fearures of
this category of AML in children. This study was undertaken
to clarify the clinical features and progoostic significance of
this newly defined "AML-MRC category in paediatric AML,
The evaluation was based on data from children with newly
diagnosed AML treated on AML-035 trial conducted by the
Japanese Pacediatric  Leukaemia/Lymphoma  Study  Group
{IPLRG).

Patients and methods

Between November 2006 and Decomber 2030, 485 conseen-
tive patients aged <18 vears with suspecied AML, excluding
acute promyelocytic leukacmia, Down syndrome, secondary
AML, myeloid/natural killer cell leukaemia, and myeloid sar-
corna were registered in AML-05 (UMIN-CTR, URL: http//
www.mininacjp/otr/index hum number  UMINODOOOUS1E).
This study was approved by the instiutional review board at
cach participating Institution, and all patients, or the
patients’ parents/guardians, provided o written informed
consent.

The central diagnosis was determined by integrating mor-
phological, cytogenctic hmmunological, molecular and clini-
cal parameters, Bone marrow and peripheral blood smears
were sent o a central laboratory, and the morphelogical
review was performed independently by three haematolo-
pists. Diagnoses of multilineage dysplasia were muade based
on the WHO classification criteria (Jaffe er al, 2001 cellu-
far dysplasin present in at least 50% of the cells in at least
two hone marrow cell Hnes, For dingnosis of celludar dyspla-
sia in erythroid or myeloid cells, 25 erythroblasts or 10 or
more mature neatrophils were respectively evaluated, Diag-
nosis of dysplastic megakaryocytes was made in cases with
dysplastic features in three or more megakaryocytes or at
least 30% in six or more cells, When the diagnosis was dis-
cordant among the observers, the final diagnosis was made

@ 2014 John Wilsy & Sons Lid
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based on agreement after discussion. Flow~cytometric im-
munophenotyping was determined at the three central fabo-
ratories  where the same  antibody pancls  were  used.
Cytogenetic tests were carried out in regional Iaboratories
and reports were reviewed centrally. Diagnosis of AML-
MRC from myelodysplasia-related cytogenetic abnormalities
was made based on the criteria of the 2008 WHO classifica-
tion {Swerdlow er al 2008): complex karyotype including
three or more unrelated abnormulities, unbalanced abnor-
malities including -7/del(7q), -5/delisq), i(17q)t(17p), -13/
del(13q), del(1lq), del(12p}/1{12p), del(9q), idic{X)}{ql3),
balanced abnormalities including t(11168)(q23p13.3), 1321
(g26.2:q22.1), t{133M(p36.3;021.1),  t(2:11)(p21:g23), 1(5:12)
(@3%p12), tSMHAI%gI L), H517)(g3%p13), (5:10)(g33;
q21),H(3501q25:934).  Chimeric  gene analyses  including
RUNXI-RUNXITI, CBFB-MYHI11, PML-RARA, KMT2A-
MLLT3, KMT2A-MLLT4, KMT2A-ELL, FUS-ERG, and
NUPYS-HOXAS, and Fms-like tyrosine kinase 3 internal
tandem  duplication {FLT3-ITD) were examined for all
patients at a single laboratory. At the time thar all daw
were submitted to the data centre, a central review of diag-
nosis was performed individually for each case by multidis-
ciplinary conferencing  using  clectronic mail  discussion.
Mutation analysis for CEBPA and NPM1 was retrospectively
performed by reverse transcription polymerase chain reac-
tion (RT-PCR) and direct sequencing using RNA  from
diagrostic bone marrow samples,

The therapeutic regimens used in AML-05 trial have been
deseribed in detail elsewhere {Tomizawa ef al, 2013}, Defini-
tion of complete remission (CR) consisted of <3% blasis in
the bone marrow, recovery of neutrophils and platelets and
absence of extramedullary disease, which was also evaluated
by the same central review system as initial dingnosis, We
stratified patients after the second induction course to one of
three risk groups; low risk (LR} group for all the core bind-
ing factor-AML cases and good initial response after the first
induction course, high risk (HR) group for cases presenting
with FLT3-ITD, unfavourable cytogenctics including -7/del
{7q), -3a/del(3q), t{16:21}p11;422), or with & poor initial
response, and intermediate risk {IR) group for the othurs.
Allegeneic haematopictic stem cell transplantation (HSCT)
was indicated for all HR patients after the third or later
treatment courses.

Descriptive statistical analvses to assess baseline character-
istics and the clinical course of patients were performed
using Chi-square tests for categorical variables and Wilcoxon
rank-sum tests for continuous variables, Event-free survival
(EF8), overall survival (08) and relapse-free survival (RFS)
were defined as previously described {Cheson er al, 2003).
Probability of 3-vear EFS (3-year pEFS), 3-year OS5 (3-year
pOS) and 3-year RFS (3-vear pRFS) were estimated using
Kaplan-Meier method and log-rank test. Univariate and
multivariate Cox hazard models were performed. A two-
sided P value <005 was considered statistically significant.
Follow-up data were actualized as of 1 May, 2012,
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Rasults

Of the 485 patients registered, 42 patients were excluded
because of misdiagnosis or vefusal by the guardians, Of the 443
eligible patients, multilineage dysplasia was identified in 39
{8:8%) and myelodysplasia-related cytogenetic abnormalities
were identified in 65 (14:7%). Five patients with multilineage
dysplasia were assigned to the category "AML with recurrent
genetic abnormalities” in the 2008 WHO classification (Swerd-
low ef al, 2008); twa with t{8:21)(q22:q22), two with inv(3)
(921¢26.2) and one with H&9){p23:g34). As a result, Y3
(21%) patients were assigned to the "AML-MRC group, while
111 (259) were assigned to the "AML, not otherwise specified
(AML-NOS) group. Fifty-nine patients with ‘AML-MRC were
diagnosed from myelodysplasia-related eytogenetics alone, 28
from multilineage dysplasia alone, and six from a combination
of both, Among the 65 patients with myelodysplasia-related
cytogenetics, 47 presented with complex karvotype, six with
<7ideli7q), six with -3/del(3q) and complex laryotype. five
with del{%q) and one with €(3:5){q25:q34).

Clinical and cytogenetic characteristics

The clinical, cylogenetic and molecular characieristics of the
AML-MRCT and "AML-NOS patients are shown in Table 1L
The patients were equally distributed by sex in both of the
AML-MRC and "AML-NOS group. Compared with the
AML-NOS group, the palients with "AML-MRC were sig-
aificantly younger, presented with a significantly lower white
blood cell {WBC) count, a higher frequency of refractory
anaemia with excess of blasts (RAEB-T) based on FAB classi-
fication and unfavourable cytogenetic abnormualities. By gene
analyses. the "AML-MRC group exhibited » lower frequency
of FLT3-ITD, NPMI andfor CEBPA yumtions. Most of the
patients with FLT2-1TD and/or NPM! had a normal karyo-
type and morphological dysplasia,

Response to induction iherapy

OFf the 93 AML-MRC patiems, three died of treatment-
related moriafity {TRM) during induction treanment and 63
achieved a CR at the end of the two induction courses. The
CR rate i patients with "AML-MROT at the end of the first
and second induction course was 67-7% (93% confidence
interval [CI], 48-3-77.1%) and 67.7% (95% CI, 48.53-77:1%),
cspectively. The "AML-MRC group showed @ similar CR
rate at the end of the first indoction eourse compared with
the ‘AML-NOS group (67.7% vs, 77-4%, P = 0:12}, but the
CR rate at the end of the second induction course was signif-
icantly lower (67 7% v, R5-6%, P < D01%

Outcomes and prognastic factors

Twenty-one 'AML-MRC patients who did not achieve a CR
received allogeneic HSCT following salvage chemotherapy,
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Table 1 Clindcal, cytogenctic and molecular characteristics in the
AML-MRC and AML-NOS patients.

AML-MRC AML-NOS

Characteristics (951 {40} P
Number of patients 43 11
Median age (years) 3.8 80 <1
Male/Female 48145 37454 N§
Median WBC (x30%1) 384 753 <001
FAB subtype

MOV 247 8130

M2iM4d 1579 18113

MS/M6 1747 1972

M7 27 29:0) 19 (17:1) o042

RAEB-T 9 {$:7} 2{1-8) 010
Ustogenetics

Normal 22 (237 56 {30-3) <01

Complex karyotype 51 (54:8) 0 {0-0) <01

Unfavourable 16 (17.2) 2 40:2) <01

cytogenetics

Others 16 {108) 4} {359
Gengtic analysis

FLT3-ITD 10 {108) 27 {245} 0011

NPMT mutation
CEBPA mutation

3of 68 (44)
11 of 68 (162}

10 of 69 (14-3} 0-044
30 of 69 (43°5) (013

AML-MRC, acute myelotd leukaemdia with mvelodysplasia-related
changes: AML-NOS, acute myeleld leukaemia, not otherwise speci-
feds WEBC, white bload cell counti FAB, French-American-British;

RAER-T, refractory ansemin with excess blasts in transformation;

ITD, internal tandem duplication; NS, not significant.

P values were calenfated berween the "AMI-MRC and "AML-NOS
group.

AML-MRC with complex karyotype includes six patients with del
1333 and complex karyotype, and two with 136:21)(p11g22) and co-
ples karvetype,

Untavourable cyiogenctics consist of -7/del{Fy), -3/deliBy) and ¢
{1621Xplliga2),

and eight of them wure alive. Among the 63 "AML-MRC
patients who achieved a CR, 49 were assigned to the IR
group, whereas 12 with unfaveurable cytogenetics andfor
FLT3-ITD and two with poor vesponse for the first induction
chemotherapy cowse were assigned to the HR group and
preated with allogeneic HSCT at the first CR. One ‘AML-
MR patient died of TRM during the consolidation chemo-
therapy and 2 ‘AML-MRC patients died of TRM after
HSCT, In contrast, of the 93 'AML-NOS patents who
achieved a CR, 73 were assigned to the IR group and 15 with
FLT3-ITD and three with poor response for the first indue-
tien chemotherapy cowrse were assigned o the HR group.
Four "AML-NOS’ patients died of TRM during consolidation
chemotherapies and one "AML-NOS patient died of TRM
after MSCT. The 3-year pEFS and 3-year pOS for the "AML-
MR patients was 37-1% (93% (1, 26-9-473%) and 56-8%
(95% Cl, 43-2-66-8%1, respectively, The median follow-up
time of patients in the ‘AML-MRC gronp was 223 years
{range, 0:02--33). Compared with the "AML-NOS patients,

& 2014 fohn Wiley & Sons Lid
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patients with ‘AML-MRC’ had a significantly worse 3-year
pEFS (37-1% wvs. 33-8%. P =002}, but the 3-year pOS8
{36:8% vs, 68-9%, P = 0-05) and 3-year pRFES after achicving
a CR were not significantly different (46:9% vs. 62.8%,
P = 0:06; Fig 1A-C),

By comparison, within the subgroups according to the
reason for diagnosis, 3-year pEFS, 3-year pOS and 3-year
pRES was similar between patients with myelodysplasia-
related cytogenetics alone and those with morphological dys-
plasia alone. The six patients with a combination of both
were all alive without any events.

By univariate and multivariate apalysis for OS and EFS,
older age >10 years, sex, higher WBC count >100 x 107/,
RAEB-T, unfavourable cytogenetics, multilincage dysplasia,
myelodysplasia-related cytogenetics, and the combination of
myclodysplasia-related cytogenetics and multilineage dyspla-
siamultilineage dysplasia were not associated with outcome

{A) Event-free survival
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o
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in the "AML-MRC' group, but FLT3-ITD was solely associ-
ated worse OS (Table 1T}, We were not able to apply the uni-
variate and multivariate analysis to NPMI1 mutations and
bialleic CEBPA mutations due to the small number of cases.

Discussion

We showed here the incidence, clinical characteristics -and
prognostic relevance of myelodysplastic features in paediatric
AML patients who were prospectively diagnosed by the cen-
tral diagnosis system and treated with the same treatment
strategy. To our knowledge, this is the first study to enrol an
adequate number of paediatric patients with AML showing
myelodysplastic features,

Compared with our previous study of pacdiatric AML
with multilincage dysplasia, which reported a frequency of
2:6% (Adachi er al, 20071, the frequency of patients with

{B) Overall survival
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Fig 1. The d-year probability of (A) event-free survival, (B) averall survival and (C) relapse-free smrvival for patients with acute myeloid levkae-
mia with myelodysplasia-related changes (AML-MRC) compared 1o patients with acute myeloid leukaenyia, nor otherwise specified {AML-NOS).
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Table I Univariate and multivariate analysis of sk factors in the AML-MRC patients.

Variables

Uintvariate analysis for EFS

HR {950 ClyP

Martivariate analysis for EFS

HR {959 CLip

Univariate analysis for OS

HR (93% Ch/P

Martivariate analysis for 08

HR {9586 CL/P

Age > 10 yoars

470 {0-31-1-613/0:40

Female 68 (0401161016
WBC » 18 % 10" 143 {065-3-151/0-38
FLT31TD 1oH3 (0-86-388Y/0:12

Unfavourable cytogenetics

123 (0-20~2-13)/0-47

070 (6-26-1-87)/0-18
68 (361 103/0- 10
178 {0-73-4200/0:19
293 {3893 1510-09
132 {6:70-2.15)/0-34

373 (0:30-1:79)/0-49
(73 (0-39-1-36)10-32
1:22 {0483 11)/0:68
261 {114-60030.02
142 {0-74-2-733/0-29

054 {0:20~1-493/0-24
0-83 {D-43-1.62)/0-59
132 (0473733060
300 {1-15-7.84)/0-03
1-38 (0-89-3.761/0:10

MLD 61 {-34-1-111/0-11 017 {6:02-1-24)/0-08 (63 {0-31~128)/0:20 ND

Dysplasia-related 122 (067-2-24/0-52 23 (0-03-186Y/017 115 ((:56--2-35)/0:71 NI
cytogenetics

ML and dysplasia- (320 {0-03-1-4340-11 ND 004 {040-9-391/0-23 ND

related cytogenetics

AML-MRC, acute myeloid leukacmia with myclodsyplasia-related changes; WBC, white blood cell count; FLIYITD, Pms-like tyrosine kinase 3
internal tandem duplication: MLD, muliilineage dysplasias HR, hazard ratio; £, P valug ND. not determined,

multilineage dysplasia was higher in this study (8:4%), The
discrepancy may be explained by the differences between the
regional and central diagnosis. Even more surprisingly, the
frequency of patients encompassed by the 'AML-MRC' cate-
gory was as high as 21:0%. In @ retrospective study for paedi-
atric AML at 2 single contre. Davis er af {2013} recently
reported a concordant result where ‘AML-MRC encom-
passed 14% of the cases classified using the 2008 WHO clas-
sification  (Swerdlow er al, 2008), Their and our results
indicated that AML with myclodysplastic features is not rare
in children. In our cohort, twosthirds of the cases with
TAML-MRC resuited from myelodysplasia-related cytogenet-
ics, whereas the remaining one-third resulted from morpho-
logical dvsplasia, This is almost consistent with the report
from Davis ef al {2013), slthough our cobort contained 2 lar-
ger number of cases. In contrast, & majority of the adult
patients with 'AML-MRC’ presented with multilineage dys-
piasia with or without myelodysplasia-related cytogenetics
(Miesner et al, 2010). Of note, the number of vases with a
combination of myeclodysplasia-related cvtogenetics and mor-
phological dysplasia was small in our cohort, suggesting that
myelodysplasia-related cytogenetics is not necessarily related
to morphologival dysplasia in children.

As *AML with recurrent genetic abnormalities” is accepted
as a clinjcally and cytogenetically distinet category and it
takes predominance over "AML-MRC in the WHO chssifica-
ton, we carried ont further analyses, which excluded the
cases with "AML with recurrent cytogenetic abnormalities’
except those cases with a NPM1 and/or CEBPA mutation.

Previous studies among adult patients showed that AML
with myelodysplastic features was associated with lower WBC
counts, lower bone marrow blast counts and MDS-related
cytogenctics (Brito-Babapulle et al, 1987; Weinborg e al,
2009 Miesner of al, 2010). Our patients with "AML-MRC
also presented with lower WBC counts, had a higher fre-
queney of RAEB-T and unfavourable cytogenetic abnormali-
ties compared with ‘AML-NOY, The medien age of our
patients with "AML-MRC" was significantly younger compared
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with ‘AML-NOS, This may be partly because our cobort
excluded patients with ‘AML with a previous history of
myelodysplastic syndrome or myeloproliferative neoplasms’.
Moreover, our cohort included a substantial number of
patienis with acute megakaryoblastic levkaemia, which is
known to be prevalent in infants and associated with complex
chromosonal abnormalities (Hama ef al, 2008},

Acute myeloid levkaemia with myelodysplastic features
has been reported to confer a poorer prognosis with a lower
rate of achicving CR than other AML types {Goasguen ¢f al,
1992 Kuriyama of al, 1994: Gahn ef al. 1996; Miyazaki e al,
2003). However, several studies have demonstrated that mul-
tilineage dysplasia alone has no independent prognostic rele-
vance, high-risk cytogenetic abnormalities being  more
significantly associated with prognosis (Huaferiach of af, 2003
Yanada er al, 2005). As in most previous adult studies, the
CR rate was worse in our patients with ‘AML-MRC'. More-
over, EFS in the ‘AML-MRC group was significantly worse
compared with "AML-NOS". 08 and RFS showed a trend of
a poorer outcome, but withont statistical significance. A
non-significant difference in RFS was thought to indicate
that the difference in EFS was not due to relapse, but mainly
to failure to achieve CR. On the other hand, a non-signifi-
cant difference in OS was probably due to the intensive
chemotherapies including high-dose cytarabine and HSCT
for patients with induction failures andfor high-risk features,
which might temper the negative effect of "AML-MRC on
survival, as previously reported (Taguchi ef al, 2000). In
muitivariate analysis, morphological dysplasia or myelodys-
plasia-related cytogenetics failed to show independent prog-
nostic  relevance, but FLT3-ITD status solely  retained
prognostic impact, which agreed with the previous publica-
tion in adult patients (Micsner er af, 2010}, Although it must
be taken into account that the observation period is relatively
short, our resulis soggest that myelodysplastic features may
not confer significant prognostic impact on ‘AML-MRC
patients when achieving 2 CR after induction chemotherapy,
which should be considered in the setting of clinical trials,

@ 2014 John Wiley & Sons Lid
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Acute myeloid leukaemia patients with myelodysplastic
features may exhibit FLT3-ITD, NPM1 and/or CEBPA muta-
tions, Wandt er of (2008) reported that multilineage dyspla-
sia was prevalent in the FLT3-ITD negative patients. We also
recognized a lower incidence of FLT3-ITD in the "AML-
MRC' group compared with ‘AML-NOS'. Of nete, FLT3-1TD
was found almost exclusively in the patients with morpho-
logical dysplasia alone. This is probably because most FLT3-
ITD cases would be expected to have a normal karyotype,
even in children (Zwaan ¢t al, 2003).

Recent studies showed that multilineage dysplasia has no
proguostic impact in patients with NEM? andfor CEBPA
mutations (Falini e al, 2010; Bacher er al, 2012). We were
not able to determine whether the NPMI and/or CEBPA
mutations were assoclated with a good prognosis even in
children with AML showing myelodysplastic features because
of a low incidence of NPMI andfor CEBPA mutations in our
cohort. AML with myelodysplastic features is a heteroge-
neous category in the view of molecular alterations {Deviilier
ef al, 2012), More information is required regarding these
issues,

Comparison within the subgroups in ‘AML-MRC" depend-
ing on the reasons for diagnosis, the outcomes were similar
between the patients with myelodysplasia-related cytogenetics
alone and those with morphological dysplasia alone. This
suggests that the patients with "AML-MRC’ comprise a group
with similar  prognostic  impact,  despite  heterogeneity,
Although the patients with a combination of myclodysplasia-
related cytogeneties and multilincage dysplasia showed an
excellent outcome, this may be selection biss because the
univariate and murtivariate avalysis could not show any
prognostic significance of this subtype.
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EVi1 overexpression is a poor prognostic factor In
pediatric patients with mixed lineage leukemia-AF9
rearranged acute myeloid leukemia

The ecotropic viral integration site-1 gene (EVIY)
encodes a zine finger protein that functions as a transcrip-
tional regulator of hematopoietic stem cell self-renewal and
jong-term multilineage repopulating activity.” The mixed
lineage leukemia gene (MLL) rearrangements [i.e, t{11¢23)]
oceur at high frequency in pediatric acute myeloid leukemia
{AML) patients with EVI{ overexpression,” and EVI is a
transcriptional target of MLL oncoproteins.” EVIT overex-
pression has been reported in up to 10% of patients with
AML and is associated with an adverse prognosis.
However, the prognostic value of EVI1 overexpression has
been studied mostly in adult AML* Only two studies have
examined EVH overexpression in pediatdc AML, but a
detailed analysis according to the type of leukemia was not
performed because of the small sample size>”

Recent data from an international consortium, including
those from our group, suggest that pediatric
MLL-rearranged AML can be divided into certain risk
groups on the basis of different translocation partners.”
However, clinical outcome data leading to risk stratification
of the MLL-rearranged subgroups are still scarce and further
investigation is necessary to identify new prognostic fac-
tors, Here, we retrospectively examined EVIf expression
levels and clinical outcomes of pediatic MLL-rearranged
AML  patients treated in the Japanese Pediatric
Leukenva/Lymphoma Study Group (JFLSG) AML-05 study.

Afrer excluding patients with acute prormyelocytic
leukemia, Down syndrome, secondary AML, myeloid/nat-

Table 1. Characteristics of patients categorized according to EVI1 expression status

ural killer cell leukemia and myeloid sarcoma, 485 AML
patients were enrolled in the AMIL-05 study. Overall, 42
patients were excluded, mainly because of misdiagnosis.
Details of the weatment schedules and risk stratification
were described in previous publication.” This study was
conducted in accordance with the principles set down in
the Declaration of Helsinki and was approved by the Ethics
Committees of all participating institutions. All patients, or
the patients’ parents/guardians, provided written informed
consent.

RNA obtained from diagnostic bone marrow samples
was used to analyze the expression of EVI4 using a previ-
ously established EVIf quantitative real-time polymerase
chain reaction assay that covers the various EVIY splice
variants,” Bvent-free survival (EFS) was defined as the time
from the diagnosis of AML to the last follow up or the first
event {failure to achieve remission, relapse, secondary
malignancy, or any cause of death). In this study, most of
the events were relapses (n=23) and the rest were deaths
with sepsis (n=1) and acute respiratory distress syndrome
{n=1). Overall survival (OS) was defined as the time from
the diagnosis of AML to any cause of death, All tests were
two-tailed and P<0.05 was considered statstically signifi-
cant.

Among 443 eligible AML patients, 69 were diagnosed as
MULL-rearranged AML and diagnostic samples from 50
padents were analyzed for EVI# mRNA expression. No sig-
nificant differences in the characteristics and clinical out-
comes were observed between these 50 patients and the 19
patients who did not have EVIY data [EFS (P=0.20), OS
(P=0.45)). EVI{ expression levels were dichotomized based
on a cut off of 0.1 relative to SKOV3B, an ovarian carcinoma
cell line over-expressing EVI7; values higher than 0.1 were
defined as EVI1 and those lower than (0.1 or undetectable
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