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Abstract
EVI1 is highly expressed in certain cytogenetic subsets of adult acute myeloid leukaemia (AML),
and has been associated with inferior survival. We sought to examine the clinical and biological
associations of EVI1high, defined as expression in excess of normal controls, in paediatric AML.
EVI1 mRNA expression was measured via quantitative real-time polymerase chain reaction in
diagnostic specimens obtained from 206 patients. Expression levels were correlated with clinical
features and outcome. EVI1high was present in 58/206 (28%) patients. MLL rearrangements
occurred in 40% of EVI1high patients as opposed to 12% of the EVI1low/absent patients (p<0.001).
No abnormalities of 3q26 were found in EVI1high patients by conventional cytogenetic analysis,
nor were cryptic 3q26 abnormalities detected in a subset of patients screened by next-generation
sequencing. French-American-British class M7 was enriched in the EVI1high group, accounting
for 24% of these patients. EVI1high patients had significantly lower 5-year overall survival from
study entry (51% vs. 68%, p=0.015). However, in multivariate analysis including other established
prognostic markers, EVI1 expression did not retain independent prognostic significance. EVI1
expression is currently being studied in a larger cohort of patients enrolled on subsequent
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Children’s Oncology Group trials, to determine if EVI1high has prognostic value in MLL-
rearranged or intermediate-risk subsets.

Keywords
cute myeloid leukaemia; paediatric cancer; MLL; EVI1

INTRODUCTION
Aberrant overexpression of specific genes is a common finding in acute myeloid leukaemia
(AML), and may define clinically relevant biological subsets that lack other cytogenetic or
molecular prognostic markers (Mawad & Estey, 2012). The ectopic viral integration site-1
(EVI1) gene is a proto-oncogene subject to alternative splicing, and encodes a zinc finger
protein that functions as a transcriptional regulator in early development (Hoyt et al, 1997).
The gene was first identified as a common site of viral integration in retrovirus-induced
murine leukaemia, suggesting a role for EVI1 in the transformation of haematopoietic cells
(Morishita et al, 1988). Forced over-expression of EVI1 in haematopoietic progenitors was
later shown to induce a myeloid differentiation block, also resulting in increased self-
renewal and survival of these transformed progenitors (Laricchia-Robbio & Nucifora, 2008).

Although high EVI1 expression in adult AML is commonly found in association with
rearrangements of 3q26 (Lugthart et al, 2008), the chromosomal location of the EVI1 gene,
cytogenetic rearrangements involving this locus are rare in paediatric AML (Harrison et al,
2010). However, MLL translocations, a cytogenetic subgroup that accounts for
approximately 16% of paediatric AML patients (Harrison et al, 2010), have also been
reported to occur at high frequencies in patients with EVI1 overexpression (Lugthart et al,
2008; Balgobind et al, 2010). Chromosomal rearrangements involving MLL, a histone
methyltransferase gene, frequently lead to deregulation of HOX genes and result in distinct
aberrant methylation signatures (Bernt et al, 2011). Likewise, in addition to its role in
transcriptional control, EVI1 has recently been implicated in epigenetic processes due to its
interaction with both the histone methyltransferase SUV39H1 (Cattaneo et al, 2008) and the
DNA methyltransferases DNMT3A and DNMT3B (Senyuk et al, 2011). Though the
molecular mechanism for the association between MLL translocations and EVI1 expression
has yet to be elucidated, it is possible that both of these events cooperate in epigenetic
dysregulation, leading to myeloid leukaemia.

Overexpression of the EVI1 transcription factor, as determined by calibration against normal
samples taken from healthy volunteers, has been reported in 7–10% of adult AML patient
samples; further, high expression of any of the common EVI1 isoforms was found to predict
significantly decreased survival in these adult AML studies (Lugthart et al, 2008; Groschel
et al, 2010). In the single previous study of EVI1 expression in paediatric AML,
investigators from several European cooperative groups reported that EVI1 overexpression
was prognostic in univariate, but not multivariate, analysis (Balgobind et al, 2010). This
study included paediatric patients enrolled on five different clinical trials, and defined EVI1
overexpression on the basis of gene expression profiling. In the present study, we examined
the clinical and biological significance of EVI1 overexpression, as measured by quantitative
real-time polymerase chain reaction (qRT-PCR), in uniformly-treated paediatric AML
patients enrolled on the Children’s Oncology Group (COG) pilot trial AAML03P1.
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PATIENTS, MATERIALS, AND METHODS
Patient Samples

The COG pilot trial AAML03P1 tested the safety and efficacy of the addition of the
calicheamicin-linked anti-CD33 monoclonal antibody gemtuzumab ozogamicin (GO) to a
five-cycle multi-agent chemotherapy backbone (Cooper et al, 2012). Newly diagnosed
paediatric de novo AML patients enrolled in the COG-AAML03P1 trial were eligible for the
present study. Patients with acute promyelocytic leukaemia, constitutional trisomy 21, or
antecedent myelodysplastic syndrome (MDS) were excluded. Morphological, flow
cytometric, cytogenetic, and molecular analyses were performed according to study
guidelines (Cooper et al, 2012). Analysis for cytogenetic abnormalities by an AML
fluorescent in situ hybridization (FISH) panel and G-banding of metaphase chromosomes
was performed on all patients at diagnosis, and results were available for all patients
included in this study. Of the 340 eligible patients enrolled in AAML03P1 between
December 2003 and November 2005, 206 patients (61%) had diagnostic specimens with
adequate RNA quality available for expression analysis. Demographic, laboratory, and
clinical characteristics of patients with vs. without specimens adequate for analysis were
compared. Median diagnostic white blood cell (WBC) count (p=0.002) and median
diagnostic marrow blast percentage (p=0.039) were both significantly higher in patients with
samples analysed, as is common in retrospective studies utilizing cryopreserved specimens.
FLT3 internal tandem duplication (ITD) was also more common in patients with samples
available for analysis (14% vs. 4%, p=0.035). There were no significant differences in age,
race, or cytogenetic distribution between the two groups. Outcome measures were not
significantly different between patients with and without specimens available for analysis.

This study was approved by the COG Myeloid Disease Biology Committee, and
Institutional Review Board approval was obtained from the Fred Hutchinson Cancer
Research Center. In accordance with the Declaration of Helsinki, informed consent for study
protocol treatment and tissue sample evaluation was obtained from patients or their legal
guardians.

Molecular Genotyping and Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
The AllPrep DNA/RNA Mini Kit and the QIAcube automated system (Qiagen, Valencia,
CA) were used to extract genetic material from cryopreserved diagnostic bone marrow
specimens. Molecular genotyping for mutations in FLT3, NPM1 and CEBPA, was
performed as previously described (Ho et al, 2011a).

Reverse transcription was performed on 1 μg total diagnostic RNA per standard protocol
(Invitrogen Corporation, Carlsbad, CA). EVI1 mRNA expression was measured by
performing qRT-PCR on cDNA transcripts on a StepOne Plus real-time PCR instrument,
using TaqMan Universal PCR Master Mix and TaqMan EVI1 Gene Expression Assay
(Applied Biosystems, Foster City, CA) with primer / probe set designed to hybridize within
a region spanning exons 2 and 3 (Figure 1). These C-terminal exons are common to all of
the known major splice isoforms of EVI1, including the four isoforms resulting from the
alternate 5’ un-translated exons 1A, 1B, 1C, and 1D, as well as the MDS1 and EVI1
complex (MECOM) fusion transcript resulting from intergenic splicing; thus this assay
detects “total” EVI1 expression. Patient samples were tested in duplicate and the beta
glucuronidase (GUSB) housekeeping gene was quantitated as an internal control. Samples
with GUSB cycle time (Ct) >25 were excluded from further analysis. The comparative Ct
method (Schmittgen & Livak, 2008) was used to determine EVI1 relative expression levels,
normalized against pooled donor normal peripheral blood (PB) controls. EVI1 expression
was reported as fold change PB.
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Additionally, next-generation sequencing data from whole transcriptome sequencing (RNA-
Seq; n=68) and whole genome sequencing (WGS; n=134) performed on COG paediatric
AML patients as part of the National Cancer Institute’s (NCI) Therapeutically Applicable
Research to Generate Effective Treatments (TARGET) Initiative (www.target.cancer.gov)
was examined for the presence of 3q26 alterations. RNA-Seq data was analysed by four
different bioinformatic algorithms for the detection of cryptic fusion transcripts (deFuse
[McPherson et al, 2011], TopHat-Fusion [Kim & Salzberg, 2011], FusionMap [Ge et al,
2011], and SnowShoes-FTD [Asmann et al, 2011]); WGS was performed by Complete
Genomics, Inc. (CGI; Mountain View, CA) and cryptic fusions were determined by CGI
proprietary algorithms.

Statistical Methods
The Kaplan-Meier method was used to estimate overall survival (OS), event-free survival
(EFS) and disease-free survival (DFS). OS was defined as time from study entry to death
from any cause. EFS was defined as the time from study entry to relapse or death. DFS was
defined as time from course 1 for patients in complete remission (CR) to relapse or death.
CR was defined as bone marrow aspirate containing <5% blasts by morphology and no
evidence of extramedullary disease. The significance of predictor variables was tested with
the log-rank statistic for OS and DFS. The significance of observed differences in
proportions was tested by the Chi-square test and Fisher’s exact test when data were sparse.
The Mann-Whitney test was used to determine the significance between differences in
medians. Cox proportional hazard models were used to estimate hazard ratios (HR) for
univariate and multivariate analyses for OS and DFS. Statistical significance was defined as
p-value less than 0.05.

RESULTS
EVI1 Expression and Correlation with Disease Characteristics

Diagnostic EVI1 expression levels varied widely across our study cohort of paediatric AML
patients, (Figure 2). The majority of patients (148/206 patients, 72%) had either undetectable
EVI1 expression, or EVI1 expression levels lower than normal PB controls. The remaining
subset of patients (58/206 patients, 28%), with EVI1 >1.0-fold normal, were considered to
have overexpression of EVI1 (EVI1high). Median EVI1 expression in the EVI1high group
was 174.67-fold normal (range 1.13- to 6660.88-fold normal).

Diagnostic clinical and laboratory parameters were compared between EVI1high patients and
the remainder of the study cohort (Table I). There was no difference in gender or racial
distribution between the two groups. Infant patients (less than 1 year of age) accounted for
40% of the EVI1high group compared to 14% of remaining patients (p<0.001). Median
diagnostic bone marrow blast percentage was similar among the 2 groups, but EVI1high

patients had significantly lower median WBC counts at diagnosis (15.4 × 109/l vs. 35.0 ×
109/l, p=0.021). French-American-British (FAB) class was non-randomly distributed
between the two groups defined by EVI1 expression. FAB class M7 (acute
megakaryoblastic leukaemia) was significantly more common in EVI1high patients,
accounting for 24% of this group as opposed to 1% of the remaining patients (Figure 3,
p<0.001), while FAB class M4 accounted for 18% of EVI1high patients vs. 33% of
remaining patients (p=0.038). In terms of cytogenetic subgroups, EVI1high patients were
significantly less likely to harbour either of the favourable-risk core binding factor (CBF)
translocations (4% vs. 15% prevalence of t(8;21), p=0.030, and 0% vs. 21% prevalence of
inv(16), p<0.001). Conversely, all cases of the high-risk monosomy 7 abnormality occurred
in EVI1high patients, accounting for 8% of this group (p=0.006). Translocations involving
the MLL gene on 11q23 were also enriched in the EVI1high cohort, occurring in 40% of
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patients vs. 12% of the remaining patients (p<0.001). Although EVI1 expression has been
linked to 3q26 rearrangements in adult AML, no chromosome 3 abnormalities at the level of
conventional cytogenetics were detected in EVI1high patients in our study.

We next examined the relationship between diagnostic EVI1 expression and the presence of
prognostic mutations (Table I; Meshinchi et al, 2006; Brown et al, 2007; Ho et al, 2009).
FLT3-ITD mutations were present at similar frequencies in both the EVI1high and low /
undetectable EVI1 groups. No EVI1high patients harboured the favourable-risk NPM1
mutation, and only a single EVI1high patient harboured a CEBPA mutation (biallelic).
Complete cytogenetic and molecular profiles were available for 195 of the 206 patients
included in this study. In recent COG AML trials, cytogenetic and molecular prognostic
markers are combined to define the following risk groups: a) favourable-risk: patients
without FLT3-ITD who presented with either a CBF translocation, NPM1 mutation, or
CEBPA mutation; b) high-risk: patients with either FLT3-ITD with high mutant to wild-type
allelic ratio (>0.4) or adverse cytogenetics (either monosomy 5, deletion of 5q, or
monosomy 7); and c) intermediate-risk patients: all remaining patients not classified as
either favourable-risk or high-risk. The prevalence of cytogenetic / molecular risk groups
was non-randomly (p<0.001) distributed among the EVI1 expression groups. The majority
(81%) of EVI1high patients belonged to the intermediate-risk group, lacking other
cytogenetic or molecular prognostic markers. Favourable-risk patients accounted for only
4% of the EVI1high patients as compared to 48% of remaining patients.

Absence of 3q26 Rearrangements in Paediatric AML
In adult AML, overexpression of EVI1 is often associated with chromosomal abnormalities
involving the 3q26 locus itself, most commonly inv(3)(q21q26) and t(3;3)(q21;q26)
(Lugthart et al, 2008). These rearrangements are rare in paediatric AML. A recent study of
cytogenetic abnormalities in childhood AML from the British Medical Research Council
(MRC) reported 3q26 abnormalities in only 2 patients, out of 729 children with AML treated
on MRC trials AML 10 and AML 12 (Harrison et al, 2010), and no 3q26 abnormalities were
found in EVI1high patients in the single previous paediatric study of EVI1 expression
(Balgobind et al, 2010). None of the EVI1high patients in our study harboured a 3q26
rearrangement at the level of conventional cytogenetics. However, novel cytogenetically
cryptic 3q26 rearrangements have recently been described in adult AML in association with
EVI1 overexpression (Lugthart et al, 2008; Haferlach et al, 2012).

As part of the NCI TARGET Initiative, a cohort of COG paediatric AML patient samples
were subjected to either whole transcriptome (n=68) and/or whole genome sequencing
(n=134); a proportionate subset of EVIhigh patients were represented in each group. Given
the paucity of chromosome 3 abnormalities detected in paediatric AML detected by
conventional methodologies, next-generation sequencing data was bioinformatically
examined for fusion transcripts involving 3q26. No cryptic rearrangements involving the
EVI1 locus at 3q26 were detectable in this childhood AML population by any of the 4
algorithms performed on RNA-Seq data (McPherson et al, 2011; Kim & Salzberg, 2011; Ge
et al, 2011; Asmann et al, 2011), or by CGI proprietary algorithms performed on WGS data.
In our study, 3q26 cytogenetic abnormalities were absent in paediatric AML.

MLL Translocation Partners
Rearrangements of the MLL gene on 11q23, with a variety of translocation partners, were
detected in 40% of EVI1high patients (Table II). The most common MLL translocation in
this group was t(9;11)(p22;q23), as is the case in unselected paediatric AML patients. The
EVI1high group of patients also included all cases of t(11;19)(q23;p13) (n=3), t(2;11)
(q35;q23) (n=1), and t(6;11)(q27;q23) (n=1). A large international retrospective study of
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MLL translocations in paediatric AML recently identified an association between t(6;11)
and inferior survival outcome (Balgobind et al, 2009). No patient with t(1;11)(q21;q23),
t(2;11)(q33;q23), t(10;11)(p11.2;q23), or t(X;11)(q13;q23) translocations had high
expression of EVI1.

Diagnostic EVI1 Expression and Clinical Outcome
Response to therapy and survival outcomes were compared between EVI1high patients and
patients with low / undetectable EVI1 (Figure 4). EVI1high patients had a CR rate of 73%
after the first course of induction therapy, as compared to 82% for the remaining patients
(p=0.151). Patients in the EVI1high cohort had significantly lower rates of 5-year OS (51 ±
14% vs. 68 ± 8%, p=0.015) and EFS (40 ± 13% vs. 52 ± 8%, p=0.042). For patients who
achieved CR, 5-year DFS was 50 ± 16% for the EVI1high cohort vs. 59 ± 9% for the
remaining patients, p=0.140. For the 99 intermediate-risk patients included in this study, 5-
year OS was 50 ± 16% for EVI1high patients (n=44) vs. 63 ± 13% for the remaining patients
(n=55, p=0.263).

Prognostic Effect of EVI1 Expression In Cytogenetic / Molecular Risk Groups
Cox regression analysis was then performed to evaluate the significance of EVI1 expression
as a predictor of outcome in the context of established cytogenetic and molecular risk groups
(favourable-risk, intermediate-risk, and high-risk, as defined above). Risk groups were used
as a covariate for both univariate and multivariate models (Table III). In separate univariate
models, favourable-risk group was a strong predictor of improved OS (HR for death from
study enrollment compared to intermediate-risk group: 0.31, p<0.001) and improved DFS
(HR for relapse or death from initial remission: 0.55, p=0.043); for high-risk group, HR was
1.72 for OS (p=0.065) and 1.72 for DFS (p=0.108). In a separate univariate model, high
EVI1 expression was also a significant predictor of decreased OS (HR=1.79, p=0.016) but
not DFS (HR=1.48, p=0.142). In a multivariate model including high EVI1 expression and
the aforementioned risk groups, EVI1high did not retain independent prognostic significance
for OS (HR for death from study enrollment: 1.17, p=0.554).

DISCUSSION
This retrospective study presents an evaluation of the biological associations and clinical
relevance of diagnostic EVI1 expression in paediatric AML patients uniformly treated on
the COG pilot trial AAML03P1. EVI1 expression levels varied broadly in our study, but
only 28% of patients had overexpression of this gene (in excess of normal controls). Even
within the cohort of EVI1high patients, a wide range of expression was noted, although the
magnitude of this variation is probably amplified by the use of normal tissue, in which the
gene is expressed at low levels, as a reference control. Nonetheless, by using overexpression
above normal as a threshold for determining high EVI1 expression, we were able to detect
intriguing biological differences between EVI1high patients and the remaining patients with
low or absent EVI1 expression.

The prevalence of EVI1 overexpression in our study was higher than the 6–10% reported in
adult AML (Lugthart et al, 2008; Groschel et al, 2010); this age-dependent discrepancy is
not surprising given the preponderance of MLL-rearranged infant patients in the EVI1Ihigh

group. The prevalence of EVI1 overexpression in our study was also higher than the
prevalence in the single prior paediatric report (Balgobind et al, 2010), although this may
reflect a difference in definition. EVI1 over-expression was reported on the basis of gene
expression profiling in the Balgobind study, whereas our study defined EVI1high as over-
expression relative to normal on the basis of qRT-PCR. The majority (81%) of EVI1high

patients in our trial belonged to the intermediate-risk group based on current cytogenetic /
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molecular risk stratification; only 2 patients with either favourable-risk CBF chromosomal
abnormalities, and / or favourable-risk gene mutations, exhibited overexpression of EVI1.
Monosomy 7, a rare high-risk cytogenetic abnormality in de novo pediatric AML, occurred
in only 4 patients included in our study; all 4 monosomy 7 patients were found to have high
EVI1 expression. Although FAB class is not incorporated into current risk-stratification
schemes, EVI1 overexpression was also significantly associated with FAB class M7
unrelated to trisomy 21, which has been reported to confer adverse prognosis in paediatric
AML (Barnard et al, 2007). High EVI1 expression was a significant predictor of inferior
survival outcomes in univariate, but not multivariate, analysis in our study.

As advances in genomic technology improve our molecular understanding of AML, it is
becoming increasingly clear that paediatric and adult forms of the disease are biologically
distinct (Ho et al, 2011b). Overexpression of EVI1 in adult AML is frequently associated
with, and presumed to directly result from, alterations of 3q26. We did not detect any
chromosomal rearrangements of 3q26 in our paediatric AML patients, either at the level of
conventional cytogenetics, or cryptically in our analysis of whole genome and transcriptome
sequencing data. The mechanisms of EVI1 overexpression in paediatric AML appear to be
distinct from EVI1 overexpression in the setting of chromosome 3 abnormalities in adult
AML.

However, the deregulation of EVI1 function, as a result of EVI1 overexpression, may
explain the association between EVI1high patients and certain clinical features common to
both paediatric and adult AML. For example, EVI1 overexpression and resultant
deregulation occurs in the setting of the adult AML “3q21q26 syndrome”. This syndrome of
myelodysplasia and abnormal megakaryopoiesis in acute myeloblastic leukaemia with 3q26
rearrangements is highly associated with acquired monosomy 7, often in the setting of
underlying or preceding MDS (Martinelli et al, 2003). It is possible that the paediatric
EVI1high patients with monosomy 7 in our study had underlying MDS but were not
diagnosed until after the transformation to AML. Further, the association with abnormal
megakaryopoiesis may hint at one of the roles of EVI1 in haematopoiesis. In vitro
overexpression of EVI1 in murine emybronic stem (ES) cells has been demonstrated to
result in cell proliferation, clonogenicity, and differentiation shifted to enhance
megakarypoiesis (Sitailo et al, 1999). Thus, it is not surprising that nearly all cases of acute
megakaryoblastic leukaemia (FAB class M7) had high EVI1 expression in our study.

Rearrangements of the MLL gene on 11q23 are present in 15–20% of de novo paediatric
AML patients. MLL-rearrangements comprise a biologically and clinically heterogeneous
group, as the MLL gene has over 50 known translocation partners (Balgobind et al, 2009).
Thus, this cytogenetic group as a whole is considered intermediate-risk in the present COG
risk-stratification scheme, although the recent large international study of 11q23-rearranged
paediatric AML identified specific translocations with prognostic associations (Balgobind et
al, 2009). Further, in a recent report of nearly 300 11q23-rearranged adult AML patients,
overexpression of EVI1 identified a subset of high-risk patients with poor survival outcomes
within the MLL-rearranged cytogenetic group (Groschel et al, 2013). Our present study is
not powered to determine the prognostic relevance of EVI1 overexpression in paediatric
AML with MLL translocations, or robust correlation between EVI1 expression and specific
MLL translocation partners. A larger cohort of patients from the AAML03P1 successor
Phase III trial, COG-AAML0531, is currently being evaluated for EVI1 expression. This
should allow for analysis of outcome based on EVI1 expression in the 11q23-rearranged
cohort, as well as expanded analysis of the significance of EVI1 expression in the
cytogenetic / molecular intermediate-risk group. The identification of EVI1high patients at
diagnosis may have therapeutic as well as prognostic relevance. High EVI1 expression has
been recently linked to aberrant overexpression of CD52, a surface glycoprotein normally
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present on lymphocytes, which is the target of the monoclonal antibody alemtuzumab (Saito
et al, 2011).
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Figure 1. Location of qRT-PCR primer / probe
The primer / probe set utilized is designed to hybridize within a region spanning the exon 2–
3 junction. These exons are common to all major splice isoforms resulting from alternate
splicing of the first exon, as well as the MDS1 and EVI1 complex (MECOM) fusion
transcript, which results from intergenic splicing.
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Figure 2. Distribution of EVI1 expression in 206 diagnostic pediatric AML specimens
EVI1 expression ranged from 0 to 6660.88-fold normal. Overexpression of EVI1 was
detected in 58/206 (28%) of patients. EVI1 expression is presented graphically on a
logarithmic scale.

Ho et al. Page 12

Br J Haematol. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. Distribution of FAB class in patients with low / undetectable EVI1 compared to
patients with EVI1 overexpression
French-American-British (FAB) class M7 was significantly over-represented in the EVI1high

group, while FAB class M4 was significantly less common.
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Figure 4. Survival outcomes by EVI1 expression
EVI1high patients had significantly worse (A) overall survival from study entry and (B)
trended towards worse disease-free survival from complete remission.

Ho et al. Page 14

Br J Haematol. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ho et al. Page 15

TA
B

LE
 I

C
lin

ic
al

 a
nd

 L
ab

or
at

or
y 

C
ha

ra
ct

er
is

tic
s 

by
 E

V
I1

 e
xp

re
ss

io
n 

st
at

us

E
V

I1
 0

–1
 (

n=
14

8)
E

V
I1

 >
1 

(n
=5

8)

C
ha

ra
ct

er
is

ti
c

N
%

N
%

p-
va

lu
e

G
en

de
r

 
 

 
 

M
al

e
92

62
%

29
50

%
0.

11
1

 
 

 
 

Fe
m

al
e

56
38

%
29

50
%

A
ge

 (
ye

ar
s)

 
 

 
 

M
ed

ia
n 

(r
an

ge
)

10
.8

(0
.1

 –
 2

0.
8)

4.
8

(0
.1

 –
 2

0.
8)

0.
00

2

 
 

 
 

0–
1 

ye
ar

s
21

14
%

23
40

%
<0

.0
01

 
 

 
 

2–
10

 y
ea

rs
54

36
%

15
26

%
0.

14
6

 
 

 
 

11
–2

9 
ye

ar
s

73
49

%
20

34
%

0.
05

4

R
ac

e

 
 

A
m

er
ic

an
 I

nd
ia

n 
or

 A
la

sk
a 

N
at

iv
e

0
0%

1
2%

0.
27

7

 
 

 
 

A
si

an
10

7%
2

4%
0.

51
6

 
 

H
aw

ai
ia

n 
or

 o
th

er
 P

ac
if

ic
 I

sl
an

de
r

3
2%

0
0%

0.
56

2

 
 

 
B

la
ck

 o
r 

A
fr

ic
an

 A
m

er
ic

an
21

15
%

9
17

%
0.

75
5

 
 

 
 

W
hi

te
10

2
75

%
40

77
%

0.
78

4

 
 

 
 

U
nk

no
w

n
12

6

E
th

ni
ci

ty

 
 

 
H

is
pa

ni
c 

or
 L

at
in

o
23

16
%

8
15

%
0.

76
1

 
 

 
N

ot
 H

is
pa

ni
c 

or
 L

at
in

o
11

8
84

%
47

85
%

 
 

 
 

U
nk

no
w

n
7

3

W
B

C
 (

x 
10

9 /
l)

 –
 m

ed
ia

n 
(r

an
ge

)
35

(0
.8

 –
 4

09
)

15
.4

(1
.4

 –
 4

95
)

0.
02

1

B
on

e 
m

ar
ro

w
 b

la
st

s 
%

70
(5

 –
 1

00
)

70
.5

(2
 –

 1
00

)
0.

61
5

Pl
at

el
et

 c
ou

nt
 (

x 
10

9 /
l)

) 
– 

m
ed

ia
n 

(r
an

ge
)

45
.5

(4
 –

 3
69

)
52

.5
(7

 –
 5

78
)

0.
40

3

H
ae

m
og

lo
bi

n 
(g

/l)
– 

m
ed

ia
n 

(r
an

ge
)

83
(3

3 
– 

13
7)

83
(3

3 
– 

15
6)

0.
70

7

C
yt

og
en

et
ic

s

 
 

 
 

N
or

m
al

34
25

%
9

17
%

0.
25

7

 
 

 
t(

8;
21

)
21

15
%

2
4%

0.
03

0

Br J Haematol. Author manuscript; available in PMC 2014 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ho et al. Page 16

E
V

I1
 0

–1
 (

n=
14

8)
E

V
I1

 >
1 

(n
=5

8)

C
ha

ra
ct

er
is

ti
c

N
%

N
%

p-
va

lu
e

 
 

 
 

in
v(

16
)

29
21

%
0

0%
<0

.0
01

 
 

 
 

11
q2

3
17

12
%

21
40

%
<0

.0
01

 
 

 
t(

6;
9)

(p
23

;q
34

)
6

4%
0

0%
0.

18
9

 
 

 
 

m
on

os
om

y 
7

0
0%

4
8%

0.
00

6

 
 

 
 

de
l(

7q
)

3
2%

0
0%

0.
56

2

 
 
 

 
−

5/
5q

-
1

1%
1

2%
0.

47
9

 
 

 
 

8
11

8%
4

8%
1.

00
0

 
 

 
 

O
th

er
16

12
%

12
23

%
0.

05
3

 
 

 
 

U
nk

no
w

n
10

5

FL
T

3-
IT

D
 s

ta
tu

s

 
 

 
 

IT
D

 +
22

15
%

5
9%

0.
28

6

 
 
 

 
IT

D
 −

12
4

85
%

49
91

%

 
 

 
 

M
is

si
ng

2
4

C
E

B
PA

 s
ta

tu
s

 
 

 
 

C
E

B
PA

 m
ut

an
t

10
7%

1
2%

0.
29

3

 
 

 
 

C
E

B
PA

 w
ild

 ty
pe

12
9

93
%

49
98

%

 
 

 
 

M
is

si
ng

9
8

N
PM

1 
st

at
us

 
 

 
 

N
PM

1 
m

ut
an

t
10

8%
0

0%
0.

06
5

 
 

 
N

PM
1 

w
ild

 ty
pe

11
1

92
%

49
10

0%

 
 

 
 

M
is

si
ng

27
9

W
B

C
, w

hi
te

 b
lo

od
 c

el
l c

ou
nt

; I
T

D
, i

nt
er

na
l t

an
de

m
 d

up
lic

at
io

n

Br J Haematol. Author manuscript; available in PMC 2014 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ho et al. Page 17

TABLE II

MLL Translocation Partners by EVI1 Expression Status

MLL Translocation Partner Distribution

High EVI1 Low EVI1

t(1;11)(q21;q23) 0 1

t(2;11)(q33;q23) 0 1

t(2;11)(q35;q23) 1 0

t(6;11)(q27;q23) 1 0

t(9;11)(p22;q23) 10 9

t(10;11)(p11.2;q23) 0 1

t(10;11)(p12;q23) 1 1

t(11;17)(q23;q21) 2 2

t(11;19)(q23;p13) 3 0

t(X;11)(q13;q23) 0 1

del(11)(q23) 1 0

add(11)(q23) 1 0

11q23 not otherwise specified 1 1
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