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the following criteria: recipient gender, age at the time of
transplant {0—4 yrs, 5-9 yrs, and >10 yrs), cytogenetics/gene
mutation risk, disease status, and graft type [18].

Statistical Analysis

Pair-wise comparisons of patient characteristics {covariates)
were performed using the Fisher's exact test for categorical
variables. Survival was estimated using Kaplan-Meier and log-rank
tests, while the cumulative incidence between groups was analyzed
using Gray's test. Risk factors associated with relapse, NRM, LFS,
or OS and the conditioning groups werc assessed using a
multivariate Cox proportional-hazard model or a competing-risks
regression model. NRM was the competing event for relapse, and
relapse was the competing event for NRM. STATA 12 (Stata Corp,
Texas, USA) and BZR data analyses programs were used for
statigtical analysis. Statistical significance wus set at a P value of
<0.05. The present study was equipped with 73% power to detect a
20% difference in the 3-year survival rate between the RTC and
MAC groups with an « error (two-sided) of 0.05. The study was
approved by the institutional review boards of Matsushita Memoriaf
Hospital and by the JSHCT committee.

RESULTS

Patient Characteristics

Thirty-four RTC transplant recipients were matched to 68 TBI-
MAC and 34 Bu-MAC transplant recipients as described above, A
relatively high dose of Mel was used for about half of the RTC
recipients (3140 mg/m? for 31/34 recipients and >150 mg/m® for
16/34 recipients). In the Flw/Mel-RTC group, 11 patiensts (32%)
received cytarabine or etoposide in addition to Mel, and nine
patients (26%) received low-dose TBI (<4 Gy; Table I). For certain
patients, the RTC regimen was primarily chosen by physicians to
avoid risk of late complications (n=10) or NRM after standard
MAC (comorbidity) (n = 7). The reasons why RTC was chosen for
the remaining 17 patients were not described, Among the 34
patients in the RTC group. there were two (6%) with high-risk
cytogenetics/gene mutation (the RTC group vs. The MAC group,
P=0.41), although there were 53/448 patients (12%) in the MAC
cohort before performing the pair-matching. Table II summarizes
the patient characteristics, comorbidity, and transplant procedures
in each conditioning group. Patient demographics and eytogenetic/
gene mutation risk in the Flu/Mel-RTC group were compatable
with those in the MAC group. The median age at transpiantation
was § years in cach group. However, MAC recipients were more
likely to bave received HCT in the earlier half of the study period, to
have received cyclosporine-based GVHD prophylaxis, and to have
had a low hematopoietic cell transplantation comorbidity index
score [19]. For recipients in CR2, the median interval from
diagnosis 1o transplant was 27 and 17 months in the Flu/Mel-RTC
and MAC groups, respectively, and the median follow-up time was
35 months in each group.

The dactuarial incidence of engraftment, bacterial infections in
the acute period, lung complications {acute respiratory distress
syndrome, interstitial pneumonia, bronchiolitis obliterans organiz-
ing pneumonia, and bronchiolitis obliterans), sinusoidai obstruction
syndrome andfor thrombotic microangiopathy, and grades II-1V
acute and chronic GVHD did not differ in the two groups and were
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comparable to those of previous reports [20,21]. Cumulative 100
day incidence of NRM (day -+ 100 NRM: 5% in the combined
group) was similar for each group (Table HI), Leukemic relapse was
the major cause of death (58%). The overall incidence of death from
infectious complications was 2%.

Relapse and NRM after Conditioning Regimens

In the combined group, the 3-year cumulative incidence of
relapse (CIR) and NRM were 25% (95% confidence interval [C),
17-32%) and 12% (95% CI, 7-18%), respectively. In the Flw/Mel-
RTC group, the 3-year CIR was 24% (95% CI, 10-41%), and in the
MAC group, it was 25% (95% C1, 17-34%), with a cumulative
incidence of NRM of 13% (95% CI, 4-29%) and 11% (85% CI,
6-19%) (P = 0.73 and P =0.82) iy the Flw/Mel-RTC and the MAC

TABLE HI Transplaniation Onteome After RTC or MAC

RTC MAC P-value  Total
M (B 102 (B 136
Engrafiment 0.28
No 3 0 1
Yes 33 97y 102 (1003 135
Lung complication® 0.73
No 3D 8% (8 117
Yes 2 (& g H 11
UE/missing data i 33 7 (€} 8
SOS/TMA 0.28
No 29 (8% 8 @8N 1i8
Yes 4 (12 6 6} 10
UE/missing data I3 7 ¥ 8
Acute GVHD
Grade 0 12 (35 24 (24 36
Grade 1 7 @2h 34 (33 41
Grade II 3O 22 2% 25
Grade 111 7 @hH 16 (16 23
Grade 1V 3 [E4) 6 6) 9
UE/migsing data 2 (6) 0 — 2
Acute GVHD 0.84
Grade 0-7 19 (36) 58 (57 77
Grade 111V 13 (38 44 (43 57
UE/missing data 2 (® 0 — 2
Chronic GVHD (.80 v
No 18 83 60 (59 78
Limited 4 {12) i1 an 15
Extensive 5 (% 22 @22 27
UB/missing data 7 21 9 (9 16
Day-+ 100 NRM 0.68
No 33 7 9% (9 129
Yes T3 &6 (& 7

RTC, reduced-toxicity conditioning: MAC, myeloablative condition-
ing; UE, unevaluable; SOS, sinusoidal obstruction syndrome: TMA,
thrombotic microangiopathy; GVHD, graft-versus-host disease; NRM.
non-relapse mortality, “including acute respiratory distress syndrome,
interstitial pneumonia, bronchiolitis obliterans organizing pneumonia
and bronchiolitis obliterans.
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Fig. 1. (A) Comulative incidence of relupse (CIR}. The 3-year CIR in the group (n == 34) that received fludarabine (Flu)/melphalan (Mel)-based
reduced toxicity conditioning (Flw/Mel-RTC: dotied line), and In the group (n = 102) that received myeloablative conditioning (MAC: solid line),
were 24% (95% C1, 10-41%) and 25% (95% C1, 17-34%;. respectively (£ = 0.73). (B) Cumulative incidence of non-relapse mortality (NRM). The
3-year cumulative incidence of NRM in the RTC and MAC groups were 13% (95% C1, 4--29%) and 11% (95% C1, 6-19%), respectively (P = 0.82).
{C) Probability of lenkemia-free survival (LFS). The 3-year LFS rate inthe RTC and MAC groups were 63% (95% CI, 42-78%) and 64% (95% CI,
53-72%), respectively (P =0.83). () Probability of overall survival (OS). The 3~year O8 rate in the RTC and MAC groups were 72% (95% C1, 51—

85%3 and 68% (95% C1, 58-77%), respectively (P =10.82),

groups, respectively (Fig. 1A and B). Relapse differed significantly
according to age at transplant (P = (.04), despite the risk of NRM
being similar for all variables (Table 1V). There was no significant
association between the incidence of relapse and age at transplant
(P=0.16) or poor performance status ([PS] =1} (P =10.06) by
multivariate analysis. There was also no significant association
between the incidence of NRM and all variables by multiple
analysis (Table IV).

LFS and OS After Conditioning Regimens

in the combined group, the estimased 3-year LFS and OS rates
were. 64% (95% CI, 54-71%) and 69% (95% Cl, 60-77%),
respectively. The 3-year LFS rate after Flu/Mel-RTC and MAC was
63% (95% Cl, 42-78%) and 64% (95% CI, 53~72%), respectively
(P =0.83), and OS was 72% (95% CI, 51-85%) and 68% (95% CI,
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58~77%), respectively (P =0.82) (Fig. 1C and D). LFS and OS
differed significantly according to age at transplant (P =0.03 for
both) (Table V).

Multivariate analysis resulted in no significant differences in the
LFS and OS rates in the Flu/Mel-RTC and MAC groups (Table IV).

Gonadal Function, Fertility in Female Recipients, and
Secondary Malignancies

For technical reasons, we did not have access to adequate long-
term follow-up data related to late complications. Of the 30 female
recipients who survived at Ieast 1 year after HCT and lived beyond
12 years of age (mean menarche age for Japanese fernales),
spontaneous menstruation developed in two of seven recipients of
Flu/Mel-RTC and three of 23 recipients of MAC (P = 0.57). None
of the nine female recipients who survived beyond 20 years of age
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TABLE IV. Univariate and Maltivariate Analysis

Relapse® NRM® LFS os
Variables % (95% Clyat3y Pvalue %(95% Chat3y Pvalue % (O5%Chat3y Pvalue % (5% Chat3y P value
Univariate®
,Coxzditianiug .73 0.82 0.83 0.82
RTC 24 (1041 13 (4-29) 63 (42-78) 72 (51-85)
MAC 25 (17-34) 11 (619} 64.(53-72) 68 (58-71
Relapse® NRM* LFS 08
Variables HR (85% CD P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Multivariate®
MAC R , i | i
RTC 0.89 {0.36-2.21}) 0.80 1.00 (6.27-3.66) 1.06 0.90 (0.41-1.96) 0.80 6.74 (0.32-1.71) (.49

y, years; NRM, non-relapse mortality; LFS, leukemia-free survival; OS, overall survival; Cl, confidence interval; RTC, reduced-toxicity
conditioning; MAC, myeloablative conditioning; HR, hazard ratio. "Cumulative incidence of relapse or NRM; "Univariate analysis: No significant
covariates were found for NRM. A significant covariate for relapse, LFS, and OS was age at transplant (P = 0.044, P = 0.025, and 2 = 0,026,
respectively); “Multivariate analysis: No significant covariates were found for relapse, NRM, LFS, or OS.

experienced pregnancy. No secondary malignancies developed in
the RTC and matched MAC recipients.

DiSCUSSION

Previous reports suggest that the relapse rate is significantly
higher in adults with AML recieving a transplant in CR after RTC
than after MAC [6,9]. A retrospective non-randomized study
showed that, compared with MAC, RTC was associated with a
tower NRM rate but a higher incidence of relapse in the recipients
with adult AML and MDS, which resulted in a comparable OS rate
{5,6,9]. In adult recipients with AML or MDS with non-advanced
disease, intermediate intensity conditioning regimens (z.g., Flu and
Mel, 80-140mg/m?) have nearly identical short- and long-term
disease progression compared with the MAC regimens [22]. As the
incidence of NRM after MAC is often lower in pediatric patients
than it is in adulis {14.23], the effect of RTC of lowering the rate of
NRM would be predicted to have less impact on the pediatric OS
rates. Therefore, retaining the myeloablative intensity is more
important factor than reducing the short-term comorbidity for
its successful outcomes in pediamric patients who can tolerate
standard MAC.

The preseat study compared the impact of a Flu/Mel-RTC
regimen that included neither full-dose TBI nor Bu, with MAC
regimens in children and adolescents with AML. The incidence of
relapse after Flu/Mel-RTC was compuarable to that after MAC,
suggesting that the combination of Flu/Mel-RTC and allo-HCT
may lead to the same anti-leukemic effect as MAC and allo-HCT.
Other multicenter studies report 27-30% CIR in remission in
pediatric recipients with AML who reccived transplantation after
MAC [21,24,25]. Although the 3-year CIR of 26% found in the
present study is in agreement. our finding that the rate of relapse
after Flu/Mel-RTC was similar to that of MAC could be due to
the fact that Mel has a potentially superior anti-AML effect
compared with intravenous Bu 6.8 mg/kg (Mel 100~140 mg/m®)
[26] or Cy [27]. Also, the myeloablation caused by conditioning
regimens, including Flu combined with Mel (140 mg/m®), is not
thought to be fundamentally different from that caused by MAC
regimens [28], and conditioning regimens including Mel at a dose
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>150mg/m? are thought to be myeloablative (in the RTC group,
approximately half of the patients were given Mel at doses of
>150 mg/mz) {29]. Interestingly, it can be inferred that more than
50% of the patients in the RTC group would have been able to
tolerate MAC regimens, as they had no pretransplant comorbidities
to account for the choice of RTC. However, it is also reasonable to
predict that patients receiving Flu/Mel-RTC had some favorable
prognostic factors (e.g., a low level of minimal residual disease ora
longer median interval from diagnosis to transplantation in the CR2
setting in the RTC group, suggesting a longer CR1), which could
have coniributed to a better outcome. Also, it is possible that
physicians might choose MAC regimens for patients with HiR
disease in light of the low proportion of HiR patients in the RTC
group. Although the proportion of those with HiR in the RTC and
MAC groups, before and after performing pair-matching, did not
differ significantly, the small number of patients defined as HiR in
the RTC group made any evaluation difficult.

Our observations on relapse, NRM, and OS after Flw/Mel-RTC
and MAC were consistent with those in childhood AML reported by
Bitan er al. {14], who showed that relapse rates were not higher after
RTC compared with MAC (39% vs. 39%), and the recipients of
MAC were not at higher risk of NRM compared with recipients of
RTC (16% vs. 16%). Accordingly, the S5-year OS rate with the RTC
and MAC regimens were 45% and 48%, respectively, Similar
results were achieved in Japanese patients after Flo/Mel-RTC or
MAC who received the AMLY9 or AML-05 protocol as the initial
treatiment in most instances. The study reported by Bitan etal. [14],
and the present study, suggested that poor PS was a predictor for
relapse, although in the latter, the association did not reach
statistical significance. The present study may have been under-
powered to detect a significance association because the number of
patients with P§ >2 (n=4) was insufficient.

The follow-up period was not sufficient to allow us to compare
the incidence of late complications in the two groups. However,
previous reports indicated that Flu/Mel-RTC could be associated
with Jower gonadal toxicity and a higher proportion of patients with
conserved fertility compared with MAC [7,30]. Long-term follow-
up studies of HCT following RTC for pediatric patients with
leukemia would be warranted.
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Taken together, the results of the present study and those of Bitan
et al. suggest that in childhood and adolescent patients with AML
who would be condsidered able to tolerate MAC in CR1 or CR2, a
myeloablative RTC regimen is a possible alternative to a standard
MAC regimen (such as a combination of TBI or Bu and another
alkylator).

This registry-based study has several limitations in addition to
being a retrospective analysis. First, we did not have information
about gene mutations other than FLT3-ITD, and data on FLT3-ITD
were missing for many cases. Second, we had no information on the
minimal residual disease status, which, prior 16 transplantation, isa
strong progaostic factor for AML in morphologic CR {31}, Third,
definitive conclusions on the efficacy of each conditioning regimen
could not be drawn due to the limited number of patients in the RTC
group, possible bias on the choice of conditioning regimen, and
differences in supportive care provided by individual physicians.
Nevertheless, the present data strongly support the concept that
RTC, such as a combination of Flu and Mel, deserves further
evaluation in a prospective trial, as development of a conditioning
regimen with effective myeloablative intensity but minimal
comorbidity is. being eagerly pursued for use in pediatric and
adolescent patients with AML.
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Hematopoietic Stem Celi Transplantation

Katsutsugu Umeda, mp,* Souichi Adachi, mp,* Shiro Tanaka, eho,” Atsushi Ogawa, mp,* Naoki Hatakeyama, mo,”
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Makoto Murata, mp,>" and on behalf of the GVHD Working Group of the Japan Society for
Hematopoietic Cell Transplantation

Background. Cyclusporine A (CsA} is used widely for graft-versus-
host disease (GVHD) prophylaxis in hematopoietic stem cell
transplantation (HSCT); however, the optimal schedule of its
administration has not been established. Although comparative
studies of adult patients undergoing HSCT have demonstrated
enhanced efficacy and safety of twice-daily infusion {TD} compared
with continuous infusion (CIF) of CsA, to our knowledge, similar
studies have not yet been performed in pediatric groups. Procedure. A
self-administered questionnaire was used to retrospectively compare
the clinical cutcome and incidence of CsA-associated adverse events
of 70 pediatric acute myelogenous leukemia patients who were

Key words: cyclosporine; graft-versus-host disease;

receiving CsA by TD {n=36) or CIF (n = 34) as GVHD prophylaxis for
their first allogeneic HSCT. Results. The cumulative incidences of
grade -1V acute GVHD and chronic GVHD, as well as the overall
survival and event-free survival rates, did not differ significantly
between the TD and CIF groups; however, the incidence of severe
hypertension was significantly higher in the CIF group than the TD
group. Conclusions. The analysis presented here indicatesthat TD and
CIF administration of CsA have similar prophylactic effect on pediatric
GVHD and suggest that TD is associated with a lower rate of toxicity
than CiF in pediatric patients undergoing HSCT, Pediatr Blood Cancer
2015;62:291-298. & 2014 Wiley Periodicals, Ine.

hematopoietic stem cell transplantation; pediatric

INTRODUCTION

The immunosuppressive drug cyclosporine A (CsA), which is
usually combined with short-term treatment with methotrexate
(MTX), is nsed widely for the prophylaxis of graft-versus-host
disgase (GVHD). Traditionally, CsA is typically administrated
intravenously in the early period after allogeneic hematopoietic
stem cell transplantation (HSCT), after which the treatment is
converted to oral administration [1].

Target CsA concentrations of 250-450pg/ml are widely
accepted for continuous infusion {CIF) of CsA [2]: however, these
concentrations are not sufficient to prevent GVHD in adult patients
vndergoing HSCT. Although CIF of CsA at higher target

Additional Supporting Information may be found in the online version
of this article at the publisher’s web-site.
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concentrations (450-550 ng/ml) is more sffective at preventing
GVHD, these concentrations are associated with adverse effects,
including hypertension and acute nephrotoxicity [3,4]. The
immunosuppressive effect of CsA, which occurs via calcinevrin
inhibition, is concentration-dependent rather than time-dependent
and its greatest pharmacodynamic effect occurs within the first 2 or
3 hr after exposure [5,6]. Hence, twice-daily infusion (TD) of CsA
is used during renal, liver, and heart trangplantation to reduce the
occurrence of graft rejections [7].

TD administration of CsA with peak concentration monitoring
has also been employed as an optimized GVHD prophylaxis
regimen for adult patients undergoing HSCT {8-10]. However, the
dose, target: blood level, and mode of intravenous infusion vary
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among transplant institutions, and the optimal schedule of CsA
‘administration has not yet been established. Furthermore, the
comparative studies of the efficacy of various modes of CsA
treatment have not yet been performed in pediatric HSCT despite of
‘the wide use of both TD and CID modes. Therefore, the aim of this
study was to evaluate the efficacy and safety of the TD and CIF
modes of CsA administration for the treatment of pediatric HSCT.
For this aim, we analyzed the data of pediatric patients with acute
myelogenous leukemia (AML) as a single disease entity, which is
one of the most popular pediatric hematological malignancies.

MATERIALS AND METHODS

Study Design and Data Collection

Using data for patients with AML provided by the Transplant
Registry Unified Management Program (TRUMP) {11], which
includes data from the Japan Cord Blood Bank Network (JCBBN)
and the Japan Society for Hematopoietic Cell Transplantation
(JSHCT), the following critéria were used to select candidates for
the self-administered questionnaire: (i) children with a diagnosis of
AML who were younger than 18 years old; (if) children in which
allogeneic transplantation was performed for the first time during
January 2006 and December 2009; (iii) children administered CsA
for GVHD prophylaxis; and (iv) children administered CsA for
more than 28 days after the first transplant. The data were extracted
from the database in the Japan Society for Stem Cell Transplanta-
tion Registry and 99 cases from 58 institutions were selected as
candidates. The questionnaire was distributed to gather additional
information about the mode of CsA administration, the daily dose;
the blood concentration of CsA; and CsA-associated adverse
effects, including hypertension, remal toxicity, hyperglycemis,
hyperbilirubinemia, thrombotic microangiopathy (TMA), hepatic
veno-occlusive disease of liver (VOD), and encephalopathy, Of
the 58 transplant institutions surveyed, 44 (75.9%) responded
and data for 70 patients with AML were included in the study. This
study was approved by the Data Management Committee of the
Nationwide Survey of the JSHCT, and the institutional ethics
committees of Kyoto University Hospital and Nagoya University
Hospital.

Based on the recommendation outlined in a previous report [12],
myeloablative conditioning (MAC) was classified as a regimen
including at least 5 Gy of total body imradiation (TBI) as a single
fraction, at least 8 Gy or TBI in fractionated doses, or oral or
intravenous administration of busulfan at doses greater than 8 mg/kg.
All other conditioning regimens were classified as nonmyeloablative
reduced intensity conditioning (RIC). For transplantation using
related bone marrow (BM) or peripheral blood (PB), or unrelated
cord blood (CB), HLA matching was assessed using serological data
for the HLA-A, HLA-B, and HLA-DR loci, For transplantation
using unrelated BM, HLA matching was assessed using allelic data
for HLA-A, HLA-B, and HLA-DRBI.

Endpoints

The primary endpoint of this study was to compare the
cumulative incidences of grade II-1V and grade II-IV acute GVHD,
and CsA-associated adverse events between the TD and CIF groups.
Other endpoints were to compare the overall survival (OS) and
event-free survival (EFS) rates, and the cumulative incidences of
chronjc GVHD, non-relapse mortality (NRM), and relapse between

Pediatr Blood Cancer DOT 10.1002/phe

the TD and CIF groups.. Acute and chronic GVHD was diagnosed

‘and graded by the attending physicians of each hospital according to

the consensus criteria- [13,14]. Hypertension, rtenal toxicity,
hyperglycemia, and hyperbilirubinemia were evaluated using the
National Cancer Institute’s Common Terminology Criteria for
Adverse Events (version 4.0), and severe adverse events were
defined ‘as grade 2 and higher. Diagnosis of VOD, TMA, and
encephalopathy were made based on characteristic clinical findings,
positive laboratory data, or positive radiological findings by the

attending physicians at each hospital.

Statistical Analysis

The characteristics of patients in the TD and CIF groups were
compared using Fisher’s exact test for categorical variables and
two-sample Wilcoxon's test for continuous variables, OS and EFS

‘rates were estimated using the Kaplan~-Meier method [15], and the

groups were compared using the log-rank test. The cumulative
incidences of grade II-IV acute GVHD, chronic. GVHD, NRM,
and relapse were estimated, #nd the groups were compared using
the. 1og~rank test. Competing events were engraftment failure,
relapse, or NRM without GVHD for acute and chronic GVHD,
death without relapse for relapse, and relapse for NRM. To
determine prognostic factors associated with the development of
grade [I-1V acute GVHD and chronic GVHD, log-rank test and a
Cox regression test wers used. The following variables were
examined in the univariate analysis: mode of CsA administration,
patient age, sex match, stage of AML, HSCT type, ABO maich,
conditioning regimen, and CMV serostatus. Factors with # <0.2
in log-rank tests were included in the Cox regression model. To
determine prognostic factors associated with the development of
severe hypertension, Fisher's exact test and a logistic regression
test were used. The following variables were examined in the
univariate analysis: mode of CsA administration, patient age,
occurrence of grade [ hypertension before HSCT, use of
melphalan (Mel), use of >8 Gy of TBI, conditioning regimen,
use’ of prednisolone or methylprednisolone for GVHD prophy-
laxis and/or treatment, and HSCT type. Factors with P<0.2 in
Fisher’s exact tests were included in the Jogistic regression model.
All statistical analyses were performed using Stata software
(version 12; StataCorp, TX). The authors had full access to the
data and agsume responsibility for their integrity. The P values
were two-sided and P < 0.05 was considered significant for all
analyses.

RESULTS

Characteristics of the Patients

Of 70 pediatric patients with AML, 36 (51.4%) and 34 (48.6%)
received TD and CIF of CsA, respectively, The characteristics of the
patients and the associated clinical data are listed in Table I Most of
the patients received MAC (58 of 70 patients; 82.9%), and most
underwent short-term treatment with MTX in combination with
CsA (63 of 70 patients; 90.0%). Prednisolone was administrated to
only two patients (2,9%). There were no significant differences
between any ‘of the baseline characteristics of the TD and CIF
groups (Table I). The median time to switch to oral administration
of CsA in the TD and CIF groups were 41 days (range, 20-73 days)
and 36 days (range, 21-84 days), respectively, In the TD group, CsA
was administrated over two (n = 15), three (n = 19), four(n=1), or
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TABLE 1. Characteristics of the 70 Patients Inclnded in the Study

Variable TP (n=36) % CIF(n=34) % Pvalue

Recipient age (vears), 9 (0-17) 10 (1-17) 8.120
median {range}
Patient sex

Male 20 55.6 20 58.8 0.813
Femule 16 44.4 14 41.2
Sex match
Match i 417 13 382 0323
Male to female 10 278 3 14.7
Female to male 7 194 13 382
Missing 4 111 3 88
Diagnosis
MO 0 0 2 5.9 0.663
M1 5 139 7 206
M2 8 222 8 235
M3 0 0 i 29
M4 5 139 3 238
MSa 7 194 2 5.9
M5b 0 0 i 2.9
M6 1 28 1 29
M7 7 %4 6 17.6
With MD 1 2.8 2 5.9
Others 2 5.6 1 29
De novo
De novo 33 91.7 31 91.2 1.000
Secondary 3 8.3 3 8.8
WBC at diagnosis (/ul). 18,700 (1.300-405,900 9,750 (610--290,000) 0.428
median {range)
Stage
iICR 21 583 17 50.0 0.562
2CR 3 83 6 176
NCR 12 333 1 323
HSCT type
MR-BM/CB i5 41.7 13 382 0.641
MR-PB 3 8.3 7 206
MMR-BM/PB 4 11 4 118
MU-BM 2 5.6 2 59
U-CB 12 333 8 235
ABO match
Matched 23 639 18 52.9 0.811
Minor mismatched 4 111 6 176
Major mismatched 4 114 4 11.8
Major-minor mismatched 5 139 & 176
Conditioning regimen
MAC 31 86.1 28 82.4 0.750
RIC 5 139 6 176
GVHD prophylaxis
+MTX 34 0944 29 85.3 0.153
+PSL 0 0 i 29
+MTX, PSL i 2.8 0 0
CsA alone i 2.8 4 118
CMV serostatus
Negative donor to negative patient 5 139 4 118 0.924
Positive donor to negative patient 2 3.6 2 59
Negative donor to positive patient & 16,7 4 118
Positive donor to positive patient 12 333 i5 44.1
Unknown 11 30.6 9 26.5
Follow-up (days), median {range) 700.5 (56-1,599) 567.5 (691,409 0.282

MD, myelodysplasia; WBC, white blood cell; ICR. first complete remission; 2CR, second complete remission; NCR, no complete remission; MR-
BM/CB, HLA:matched related bone marrow/cord blood: MR-PB, HiLA-matched related peripheral blood stem cells; MMR-BM/PB, HLA-
mismatched related bone marrow/peripheral blood stem cells; MU-BM, HLA-matched unrelated bone marrow; U-CB, unrelated cord blood; MAC,
myeloablative conditioning; RIC, reduced intensity conditioning; MTX, methotrexate; PSL, prednisolone.
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five hours (n == 1). None of the patients underwent in vive or gx vivo
T cell depletion.

Treatment Qutcome

The median follow-up duration was 590.5 days (range, 56-1599
days). The OS (Fig. 1A) and EFS (Fig. IB) rates did not differ
significantly between the TD and CIF groups. Furthermore, there
were no significant differences in the comulative incidences of
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between the TD and CIF groups. The differences in the cumulative
incidences of grade I1-1V acute GVHD or chronic GVHD were also
not significant when the dataset was limited to patients treated with
CsA and MTX (data not shown). There were no significant
differences in the cumulative incidence of grade HI-IV acute
GVHD between the TD and CIF groups (grade III-1V acute GVHD
at day 100: TD group, 0%; CIF group, 3.0 + 3.0%; P =0.303), The
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Fig. 1. The overall survival (A) and event-free survival (B) rates, and the cumulative incidences of grade U-~IV acute GVHD (C) and chronic
GVHD (D) among patients grouped by the mode of CsA administration. The cumlative incidences of relapse (E) and non-relapse mortality (F)
among patients grouped by the mode of CsA administration. The solid and dashed lines indicate the TD and CIF groups, respectively.
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significantly between the TD and CIFF groups (Fig. 1B and F). Next,
a univariate analysis was performed to evaluate the impact of
potential confounding factors on the development of grade -1V
acute GVHD. Stage of AML, HSCT type, and CMV serostatus
were identified as risk factors for grade IV acute GVHD;
however, a multivariate analysis using a Cox regression test
demonstrated that no independent risk factors were identified
{Table ). For chronic GVHD, stage of AML, HSCT type, and
conditioning regimen were identified as risk factors; however, a
multivariate analysis demonsirated that no independent risk factors
were identified.

Incidence of CsA-associated Adverse Events

‘The incidences of CsA-associated adverse gvents in the TD and
CIF groups during the first 28 days after transplantation were
compared. For each adverse event, patients who had grade 2 or
higher toxicity before transplantation were excluded from the
analysis. The incidence of severe hypertension was significantly
higher in the CIF group than the TD group; however, the incidences
of severe renal toxicity, hyperglycemia, and hyperbilirubinensia,
TMA, VOD, and encephalopathy did not differ significantly
between the two groups (Table HI).

Comparison of CsA Medes in Pediatric HSCT 295

Univariate and Multivariate Analyses of Factors
Related to the Development of Severe Hypertension

Univariate analysis was performed to evaluate the impact of
potential confounding factors on the development of severe
hypertension, As shown in Table IV, CIF administration of CsA,
grade 1 hypertension before HSCT, the use of melphalan, and
conditioning regimen were identified as risk factors for severe
hypertension. A multivariate analysis using a logistic regression test
was then performed to identify independent risk factors for the
development of severe hypertension. CIF administration of CsA
was identified as the sole independent significant risk factor.

Daily Doses and Trough Blood Concentration of CsA

In a previous study of adult patients receiving CsA, the
incidence of grade 111V acute GVHD was significantly higher and
renal toxicity was significantly less frequent in the CIF group than
the TD group [8]. In the adult study, patients in the TD group
received a higher dose of CsA than those in the CIF group and the
trough blood concentrations in these two groups were maintained at
150-300 ng/m} and 250-400 ng/ml, respectively [8). To enable a
direct comparison of the results, the daily doses and trough blood

TABLE II. Univariate and Multivariate Analyses of the Effects of Pre-transplantation Factors on the Incidence of Grade II.IV Acute

GVHD in the 70 Patients Included in the Study

Multivariate analysis

Grade 111V Univariate Odds ratio
Characteristics Factors {(n) acute GVHD analysis Pevalue (95% CI) Pevalue
CsA mode. TD (36} 273478 0.889. 1.02 (0.40-2.58) 0,973
CIF (34) 258+74
Age group 0-9 (34) 212471 0.284 NE. NE.
10-17 (36} 314478
Sex match Match (28) 250+£82 0.204 NE N.E.
Male to female (13) 40.7412.9
Female to male (20) 27.8+10.6
Missing (7) 0 ‘
Stage ICR (38) 1584359 0.015 1.58 (0.95-2.63) 0.073
2CR {3 55.6416.6 '
NCR (23) 3334103
HSCT type MR-BM/CB (28) 250482 0011 1.00 (0.75-1.34) 0.987
MR-PB (10) 0
MMR-BM/PB (8) 62.5+17.1
MU-BM (4) 6674272
U-CB (20) 210494
ABO match Matched {41) 206465 0.455 N.E. N.E.
Minor mismatched (10} 40.0£1535 %
Major mismatched (8) 37.5+£171
Major-minor mismatched (11 2734134
Conditioning regimen MAC (59) 281460 0.536 N.E N.E.
RIC (1D 18241186
CMV serostatus Negative donor to negative patient (9) 1L+ 105 0,159 1.18 (0.80-1.70) 0.390
Positive: donor to negative patient (4} 0
Negative donor to positive patient (107 3004145
Positive donor fo positive patient (27) 423497
Unknown (20} 158484

N.E,, not evaluated; 1CR, first complete remission; 2CR, second complete remission; NCR, no complete remission; MR-BM/CB, HLA-matched
related bone marrow/cord blood; MR-PB, HLA-matched related peripheral blood stem cells; MMR-BM/PB, HLA~-mismatched related bone
marrow/peripheral blood stem cells; MU-BM, HLA-matched unrelated bone marrow; U-CB, unrelated cord blood; MAC, myeloablativé

conditioning; RIC, reduced intensity conditioning.
Pedintr Blood Cancer DOY 10,1002/pbe
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TABLE IIL. The Incidences of Complications (>grade 2 and >grade 3) in Patients Grouped by the Mode of CsA Administration

Complication CsA mode Cases >grade? P-value >grade3 Pvalue

Hypertension ™ 36 2 (55%) 0.021 0 (0%) 0.010
CIF 34 9 (26.5%) 6 (17.6%)

Hyperglycemia D 36 3 (8.3%) 0.466 0 (0%) ‘0.225
CIF 33 5 (15.2%) 2 (6.1%)

Renal toxicity D 36 6 (16.7%) 0.261 1(2.8%) 1
CIF 34 2 (5.9%) 1(Q25%)

Hyperbilirubinemia ™D 36 1 (2.8%) 0.608 0 (0%) 0.478
CIF 33 2 (6.1%) 1 (3.0%)

concentrations of CsA were evaluated in the 70 patients included in
this study during the first 28 days after transplantation.

No significant differences in the daily doses of CsA were observed
between the TD and CIF groups at days 7, 14, 21, and 28 (Fig: 2A).
The trough blood concentrations of CsA in the TD group at days 7,
14, 21, and 28 were 122.9:168.Ing/ml, 1587%71.5ng/ml,
18724 102.5ng/ml, and 190.6£93.0ng/ml, respectively. The
corresponding  concentrations in the CIF group were 2048+
83.3ng/ml, 350.9  138.3 ng/ml, 335.8 -+ 132.3 ng/ml. and 310.5:+
1190 ng/ml, respectively. At days 7, 14, 21, and 28, trough
concentrations of CsA below 130ng/ml occurred in 58.3%,
52.9%, 38.2% and 31.0% of patients in the TD group, respectively.
Trough concentrations below 250 ng/ml occurred in 17.6%, 14.7%,
23.5% and 30.0% of patients in the CIF group at days 7, 14, 21, and
28, respectively. These data indicate that, compared with the CIF
group, a significantly higher percentage of patients in the TD group
were treated with a Jower dose of CsA during the first two weeks after
transplantation than that reported in a previous study of CsA

administration to adults undergoing HSCT® (P=0.009 and
P=0,002 at days 7-and 14, respectively) (Fig. 2B).

DISCUSSION

Because uncontrolled variables, such as patient age and
underlying disease, may influence the incidence or severity of acute
GVHD, it is necessary to evaluate the efficacy and safety of different
types of GVHD prophylaxis within homogenous groups of patients.
To achieve this aim, a nationwide survey was performed to select
pediatric AML cases who had recently received their first allogeneic
iransplantation and had been treated with CsA for GVHD
prophylaxis. Historically, CsA was administered to most pediatric
patients via CIF; however, the mode of CsA administration in Japan
has gradually shifted to TD over the last few years. Conseguently, the
70 patients selected for inclusion in this study were divided
approximately equally between the TD and CIF groups, which
enabled a reliable comparison of the effect of CIF and TD

TABLE 1V, Usivariate and Multivariate Analyses of the Effects of Pre-transplantation Factors on the Incidence of Severe Hypertension

(HT) in the 70 Patients Included in the Study

Multivariate analysis

Characteristics Factors (n) Zgrade? Univariate analysis P-value (Odds ratio {95% CI) Peyalue
CsA mode ™ (36) 2 (5.6%) 0.022 7.99 (1.37-46.4) 0.021
CIF (34 9 (26.5%)
Age group 0-9 (39 6 (17.6%) 0.750 N.E. N.E.
1017 (36) 5(13.9%)
‘Grade 1 hypertension before HSCT Yes (65) 9 (13.8%) 4.173 6.26 (0,69-57.2) G.173
No (5) 2 (40.0%)
Mel Yes 3D 7 (22.6%) 0.196 0.35 (0.06-1.86) 0.217
No (39) 4 (10.3%)
TBI >8 Gy Yes (43) 6 (14.0%) 0.739 N.E. NE.
No 27) 5 (18.5%)
PSL/mPSL for GVHD prophylaxis Yes (14) 4 (28.6%) (.212 N.E. NE.
and/or treatment
No (56) 7 (12.5%)
Conditioning regimen MAC (59 7 (11.9%) 0.063 3.45 (0.56-21.4) 0.182
RIC(1D) 4 (36.4%)
SCT type MR-BM/CB (28) 2 (1.1%) 0.325 N.E. N.E.
MR-PB (10} 2 (20.0%)
MMR-BM/PB (8) 2 (25.0%)
MU-BM (4) 0 (0%)
U-CB (20) 5 (25.0%)

N.E,, not evaluated; Mel, melphalan; TBI, total body irradiation; PSL, prednisolone; mPSL, methylprednislone; MAC, myeloablative
conditioning; RIC, reduced intensity conditioning; MR-BM/CB, HLA-matched related bone marrow/cord blood; MR-PB, HLA-matched related
peripheral blood stem cells; MMR-BM/PB, HLA-mismatched related bone marrow/peripheral blood stem cells; MU-BM, HLA-matched unrelated

bone marrow; U-CB, unrelated cord blood.
Pediatr Blood Cancer DO1 10.1002/pbe
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Fig. 2. (A) The daily doses of CsA administrated to patients in the TD
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administration of CsA among relatively homogenous pediatric
populations.

in a previous study of adults undergoing HSCT, renal
dysfunction was significantly less frequent in the CsA CIF group
than the TD groups [8]. By contrast, in the current study, the
incidences of CsA-associated adverse events, including renal
dysfunction, were comparable in the TD and CIF groups. A possible
explanation for the Jack of increased renal dysfunction in the TD
group observed here is that a large proportion of the pediatric TD
patients (>50% in the first 14 days after transplantation) had trough
concentration of CsA less than those reported in the adult study. By
contrast, a significantly smaller proportion of pediatric patients in
the CIF group had trough concentrations lower than those reported
in the adult study. Alternatively, the pharmacokinetics and adverse
effects of CsA may differ between pediatric and adult patients.
Notably, CIF of CsA was identified as the sole independent risk
factor for the development of severe hypertension, although TMA
and encephalopathy, both of which are closely related to CsA-
associated hypertension, occurred rarely in both the TD and CIF
groups. Clinicopathological findings, as well as animal medel
studies, have indicated that CsA-induced acute reversible nephro-
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toxicity, cansed by vasoconstriction of the afferent arterioles, might
trigger the development of chrogic irreversible damage to renal
vessels, interstitial tubules, and glomeruli [16]. Furthermore,
hypertension can persist long-term in seme HSCT survivors {17],
and the presence of multiple cardiovascular risk factors, including
hypertension, is associated with an increased risk of late
cerebrovascular disease and coromary artery disease after
HSCT {18, TD administration of CsA Io pediatric patients
undergeing HSCT may reduce the risk of late-occurring sequelae in
long-term survivors.

Uniike a comparative previous study in adults [8], the analysis
presented here fails to demonstrate the superiority of TD over CIF
of CsA for the prevention of acute GVHD in pediatric patients
undergoing HSCT. The lower incidence of acute GVHD in pediatric
patients undergoing HSCT than adult patients undergoing HSCT,
reported previously [19], may be related to similar efficiencies of
different types of GVHD prophylaxis in children, Alternatively, itis
possible that the peak concentrations of CsA did not reach levels
sufficient to induce beneficial effects in a considerable proportion
of the pediatric patients in the TD group. The limitations of this
study include a retrospective analysis of small numbers of patients
within the groups. Therefore, prospective randomized controlled
studies are required to evaluate the efficiency and safety of TD
administration alongside measurements of the peak concentration
of CsA in pediatric patients undergoing HSCT.

In summary, this study demonstrates that TD is a potentially
promising mode of CsA administration to pediatric HSCT patients,
since the incidence of severe hypertension was lower in the TD
group than the CIF group. Additional prospective studies of larger
pediatric populations, including long-term follow-ups, are required
to validate the efficacy and safety of TD administration of CsA.
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High expression of EVII and MELI is a compelling poor
prognostic marker of pediatric AML

A Jo™'%, S Mitani’, N Shiba®?, ¥ Hayashi®, ¥ Hara®*, H Takahashi®, | Tsukimoto®, A Tawa®, K Horibe”, D Tomizawa®, T Taga®, S Adachi’®,
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INTRODUCTION

Acute myeloid leukemia (AML) is a heterogeneous disease with a
variety of genetic alterations and a distinct prognosis. it has
become clear that specific chiromosomal abnormalities and gene
mutations are its most important prognostic markers and there-
fore useful for stratification of patients to risk-adapted therapeutic
strategies.” In pediatric’ AML, almost the same chromosomal
abnormalities and gene mutations are observed and associated
with survival as those in adult AML, while their frequencies often
differ between adult and pediatric patients.” In a Japanese clinical
study of risk-adapted therapy of pediatic AML (AML-0S study),
1821}, inv(16)/t(16;16), monosomy 7, 54—, t{16:21p11:622), Phl
and FLT3ITD were used for patient siratification.” However, by
such genetic alterations alone, an accurate evaluation of risk for
treatment fallure or relapse is stilt difficult,

To overcome this limitation, gene exprassion is a promising
candidate for biomarkers to evaluate such risk. Microarray
technology can quantify expression levels of tens of thousands
of genes at once, and has provided many improvements in
understanding the biology and subtypes of AML®™ Thus, this
technology was previously expected to become an effective
diagnostic tool, and, in fact, several prognostically useful gene
sxpression signatures were reported.'®? Recently, we also found
a signature related o the NUP98-NSD1 fusion gene to be a good

candidate to detect poor prognostic patients in pediatric AML."?
However, microarray technology has not yet spread in clinical
practice, mainly because of its high cost™* On the other
hand, expression levels of several genes, including BAALC, MNT,
ERG and EVIT (also known as MECOM), have also been reporied fo
be useful as prognostic markers.>>™'® Such single-gene expres-
sion markers that can be evaluated by quantitative reverse
transcription (RT)-PCR should become a cost-affective tool for risk-
adapted therapy.

In this study, using microarray technology, we analyzed gene
expression of 130 Japanese pediatric AML patients in order to
search for excellent prognostic expression markers. First,
we found six subtypes that reflect chromosomal abnormalities
and cell lingages, which we designated as e-t(8;21), e-inv(16},
e-t{15;17), e-MO/M1/M2, e-M4/M3 and e-M7, and constructed an
algorithm to classify the patients into those subtypes. Based on
this classification, we found that most of the reported prognostic
axpression markers exhibited subtype-specific expression pat-
terns, although some, at least in our Japanese cohort, were not
prognostic. Finally, we found that a reported marker, V7, and a
noval marker, MELT {also known as PRDMT8), were expressed in 2
mutually exclusive manner and that their combination, by working
complementarily to each other, would be an excellent prognostic
marker.
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MATERIALS AND METHODS

Patients and samples

One hundred thirty pediatric patients (€15 years old), who were diagnosed
as AML between 2000 and 2002 in Japan and registered in AMLY9
study,”®' were enrolled in this study (Table 1 and Supplementary
Table 1). The diagnosis was based on the French-American-British (FAB)
classification, and cytogenetic analysis was performed using conventional
G-banding. All leukemic samples were obtained from bone marrow or
peripheral blood at the ime of diagnosis, and total RNA was prepared
using an RNeasy Mini Kit {Qiagen, Hilden, Germany), To detect MLL gene
rearrangements, multiplex RT-PCR analysis?® with the HemaVision kit
{DNA Technology, Aarhus, Denmark) was also used. Of these 130 patients,
124 had been used and reported in our previous study.’ Alsa enrolled in
this study as a validation cohort were 81 patients {18 years old) who were
diagnosed as AML between 2006 and 2007, and were registered in AML-D5
study” {Supplementary Table 2). Informed consent was provided from the
patients or the patients’ parents, according to guidelines based on the
tenets of the revised Helsinki protocol and the ethical guidelines for
epidemiological research in Japan (htp/fwwwiniph.go.jp/wadai/ekigakuring/
guidelines.pdf). The institutional review boards of the National Cancer Center
and Gunma Children’s Medical Center approved this stucdy.

Microarray analysis

For microarray gene expression analysis, the integrity of total RNA was
confirmed using 2 2100 Bioanalyzer and an RNA 6000 Nano LabChip Kit
{Agilent Technologies, Santa Clara, CA, USA) The DNA microarray used was
a Human Genome U133 Plus 2.0 array (Affymetrix, Santa Clara, CA, USA).
Target CRNA was prepared from 20 ng of total RNA with a Two-cycle cDNA
Synthesis Kit and 3"-Amplification Reagents for VT Labeling {(Affymetrix}.
Hybridization to the microarrays, washing and staining with the antibody
amplification procedure and scanning were performed according to the
manufacturer’s instructions. Using GeneChip Operating Software version 1.4
{Affymetrix), the scanned image data were processed and the expression
value {Signal) and detection call {Present, Marginal or Absent) of each
probe set were calculated. The Signal values were normalized so that the
mean in each experiment was set at 100 to adjust for minor differences
between the experiments. The data were deposited in Gene Expression
Omnibus (accession no. GSE35784).

Table 1. Pediatric AML patients analyzed in this study (AMELZ9 study
patients)
EVIT- MELT- Others  Totai
overexpressed  overexpressed (n=89) (=130}
fn=21) =20
FAB subtypes
MO 1 1 3 5
M1 3 7 10 20
M2 2 39 41
M3 13 13
M4 2 5 10 17
M5 5 3 k] 17
M6 1 1
M7 7 1 5 13
Unknown 2 1 3
Karyotype/gene fusion
#8:21) 41 41
w16} 8 B
#15:17) i3 13
11g23 (MLL fusion) 8 5 13
NUPSB-NSDT fusion 7 7
Others/unknown 13 13 22 48
FLT3-ITD
Positive 1 11 6 18
Negative 20 9 77 106
Urknown 6 6
Abbreviations: AML, acute myeloid leukemia; FAB, French-American-British
classification.

Leukemia {2015) 1-8

Quantitative RT-PCR analysis

Guantitative RT-PCR analysis was carried out using the 7900HT Fast Real
Time PCR System with TagMan Gene Expression Master Mix and TagMan
Gene Expression Assay (Applied Biosystems, Foster City, CA, USAL In
addition o EVI1 and MELI, ABLT was evaluated as a control gene®
TagMan Gene Expression Assays used for EV/I, MELT and ABLT were
Hs00602795. m1, Hs00922674 m1 and Hs01104728_m1, respectively.
cDNA was prepared from 08 to 1.0 ug of total RNA using Ready-To-Go
RT-PCR Beads (GE Healthcare, Buckinghamshire, UK}, and 17200 of the
<DNA was used as a template for each PCR. The concentration of each
transcript was determined as a molar concentration using plasmid DNA
that cloned cDNA of the respective gene as a standard sample, The high or
low expression of EVIT and MELT was determined based on whether the
EVIT/ABLY and MELI/ABLY ratios of each patient were higher or lower than
0.1, respectively.

Analysis of microarray data

For statistical analysis of the microarray data, the Signal values were log
transformed after the addition of 10 to reduce any adverse effect caused
by noises at low expression levels, Most of the statistical analyses including
higrarchical clustering analysis and Student's t-test were performed: on
GeneSpring GX software version 7.31 (Silicon Genetics, Redwood City,
CA, USA) after the log-transformed expression values were normalized
to the median of all patients enrclled in each of the analyses,
To select appropriate probe sets defining the six subtypes of pediatric
AML {e-t{B:21), ednv{16), e-tl1517) e-MO/MI/M2, e-M4/MS and e-M7]
{Supplementary Figure 1), representative patients of each subtype were
selected {Supplementary Table 1), and Welch's t-fests betwesn one and
the other five sublypes were performed. Probe sets with more than
threefold differences between one and the other five subtypes were then
selected, Finally, the top 100 probe sets with low Pvalues in each test
were totaled {Supplementary Table 3). The centroid of each subtype was
determined by calculating the average of the normalized exprassion vaiues
for the selected probe sets. The distance (D) from & centroid to a patient
was  defined as D=1~r using Pearson's correlation coefficient
{r; — 1 £r<1; Supplementary Figure 2). Each patient is classified according
to the smallest distance (D). Margin (AD} was defined as the difference
between Dy, and the distance to the second closest subtype to the
patient (Supplementary Figure 3). Whan all Ds were 204 or AD was
< 005, the patient was designated as unclassified. For evaluation of
BAALL, MNI1, ERG, EVIT and MELT expression, Signal values of probe sats
218899 s at, 205330 at, 213347 _s_at, 226420 _at and 232424 _at were
used, raspectively. Their high or low expression was determined based on
a higher or lower Signal value of each patient compared with the average
value of the 130 AMLY9 study patients, respectively.

Analysis of clinical data

All analyses were carried out using the JMP program version 8.0.1 {SAS
Institute, Cary, NC, USA). Survival distributions were assessed using the
Kaplan~Meier method and the differences were compared using the log-
rank test. Event-free survival (EFS) and overall survival (OS) were defined as
the times from diagnosis 1o event (relapse or death from any cause) and
from diagnosis to death from any cause, respectively,

RESULTS

Pediatric AML patients can be classified into six subtypes by gene
expression

Gene expression of 130 Japanese pediatric AML patients (AMLSS
study patients, see Materials and methods section) was analyzed
with an oligonucleotide microarray. To obtain an overview and to
evaluate the differences in gene expression among the 130
patients, unsupervised two-dimensional hierarchical clustering
analysis was performed (Supplementary Figure 1), Patients with
18,21}, inv{16) and t{15;17) formed uniform clusters, which had
been repeatedly reported.f® Patients without these translocations
formed different clusters, and they corresponded well to the FAB
subtypes, which reflect cell lineages. Patients with FAB M7
subtype [megakaryocytic lineage) gathered into a single cluster,
and patients with FAB M4 and M5 subtypes {myelomonocytic
lineage) combined into a prominent cluster. Most of the other
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patients with FAB MO, M1 and M2 subtypes (myelocytic fineage)
loosely composed a remaining cluster. Patients with 17¢23
transiocations (MLL rearrangements) did not form a specific
cluster, but most of them were distributed within a cluster of
patients with FAB M4 and M5. Altogether, according to their
distinct gene expression profiles, pediatric AML patients were
roughly separated into six subgroups according to their karyo-
types and FAB subtypes/cell lineages.

Thesa subgroups probably reflect distinct origins and leukemo-
genic pathways, and may be expected to provide clinical
importance. Thus, we selected genes differentially expressed
among each subgroup (Supplementary Table 3} and developed an
algorithm to classify pediatric AML patients into the six subtypes,
which we designated as e-t{8;21), e-inv{186}, e{15;17), e-MO/M1/M2,
e-M4/M5 and e-M7 (see Materials and methods section and
Supplementary Figure 2). By applying this algorithm to an
original set of the 130 patients, we reclassified them based
on gene expression (Supplementary Figure 3). As summarized in

a

Byt 0

MELT  aza

Pediatric AML progrosis and EVIT/MELT expression
A Joetal

Supplementary Table 4, all the patients with 18,21}, inv{(16) and
t(15:17) were correctly reclassified, but an FAB M5 patlent without
t(8;21) was included in the e-4{8;21) subtype. In addition, subtypes
of seven patients were changed from the original FAB subtypes.
Consequently, 125 patients were separated into the six new gene
expression-based subtypes, and five patients remained unclassi-
fied (Supplementary Figure 1 and Supplementary Table 4.

High expression of BAALC, MNT and £RG was not associated with
inferior survival in Japanese pediatric AML patients

The six subtypes reclassified by our algorithm exhibited different
survivals (Supplementary Figure 4). However, this subtyping alone
was not enough to separate poor proghostic patients among
those without major translocations of ¢(8;21), inv(16) and t{15:17).
On the other hand, it was reported that high expression of BAALC,
MNT and ERG was associated with inferior survival of pediatric as
well as adult AML patients.™'™'® We examined the association
between expressicn of these genes and survival in 130 AMLI9
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Figure 1.

Mutually exclusive expression of EVIT and MELT and their association with patient survival. {a) Expression levels of EW7 and MELY

(Signal values of 226420 _at and 232424_at probe sets, respectively; see also Materials and methods section) in 130 AML99 study patients.
Patients are arrayed according 1o their reclassified subtypes. (b~e) Comparison of EFS and 05§ between patients with high EW/1 expression and
those with low EVIT expression in the analyses of all patients (n = 130) (b}, e-M4/M5 subtype patients {n=24) (¢}, e-M7 subtype patients (n=16)
{d}, and MLL-rearranged patients (n =13} (e). {f Comparison of EFS and OS between patients with high MELT expression and those with low
MELT expression in the analyses of all patients (n=130).
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study patients. Their expression seemed to be subtype specific,
but was not associated with patient survival. BAALC was axpressed
at higher levels in e-t{8221), e-inv(16) and e-MO/M1/M2Z subtypes,
and the survival of patients with high expression was differently
superior from the previous report’® (Supplementary Figure 5),
MNT was expressed highly in the e-inv(186) subtype and
intermediately in the e-t{821) and e-MO/M1/M2 subtypes, and
its expression did not affect patient survival (Supplementary
Figure 6). ERG was almost uniformly expressed among the
subtypes, but at very low levels in the e-M4&/MS subtype, and
the survival of patients with high expression was relatively
superior (Supplementary Figure 7). These subtype-specific expres-
sion patterns seemed to become clear when using our gene
expression-based subtypes.

High expression of EVIT and MELT was associated with inferior
supvival
EVIT was another gene whose high expression was reported 1o be
associated with inferior survival, especially in patients with MLL
rearrangements.'® Among the AMLO9 study patients, £VI1 was
overexpressed mainly in e-M4/M5 subtype patients with MLL
reatrangements and in e-M7 subtype patients (Figure 1a).
Translocations of the EVI7 locus (3926} were not observed in any
of these patients. The survival of patients with high EW?
expression was slightly inferior in the analysis of total patients
{Figure 1b). When the patients were divided into subtypes, inferior
survival was clearly observed in the analyses of e-M4/M5 subtype
patients and Mil-earranged patients but not in the analysis of
e-M7 patients (Figures 1c and e). It was unclear whether high FV/7
exprassion was prognostic for e-M4/M5 subtype patients without
MLL rearrangements, because such patients were very rare
{Figure 1a).

MELT is a homolog of EVIT. We previously reported that the
prognosis of patients with NUPIB-NSDT fusion and its related gene

2 Ali patients (130)

expression (NUP98-NSDT signature} was poor by the analysis of
the same cohort of patients.”> MELT was one of the representative
overexprassed genes in the NUP9S-NSDT signature. Thus, we
examined MELT and found that its high expression was observed
in e-MO/MI/M2Z and e-M4/M5 subtype patients without MLL
rearrangements (Figure 1a), and that high MELT expression was
significantly associated with inferior survival in the analysis of total
patients (Figure 1f). Translocations of the MELT locus {1p36) were
not observed in any of these patients.

Combination of high EVI7 expression and high MELT expression is
a compelling poor prognostic marker

As EVIT and MELT were expressed in a mutually exclusive manner
{Figure 1a), a combination of high EVI7 expression and high MEL}
exprassion is expected to become an excellent poor prognostic
marker. When 41 patients with high EV/T or MELT expression were
selected, their survival was very poor (4-year EFS: 39%, 4-year 0%
44%) and clearly different from that of patients without their high
expression (hazard ratio {HR) = 3,89, P < 0.00001 in EFS; HR=0.49,
£ <0.00001 in O5; Figure 2a). In addition, when e-M7 subtype
patients were excluded from the analysis, the survival of patients
with their high expression was further inferior {4-year EFS: 26%,
dyear 0S5 32%) and the difference became even clearer
(HR=5.53, P<0.00001 in EFS; HR=11.59, P< 000001 in OS5
Figure 2b), because the survival of e-M7 subtype patients with
high EVIT expression was not inferior (Figure 1d).

Next, we performed multivariate analyses {Table 2}, High £V
or MELT expression, FLT3-{TD mutation and favorable karvotype
1821y, w16}, or t1517)) were evaluated as independent
prognostic markers with the use of a Cox regression model, Both
in the analyses of all patients and in the analyses of excluding
e-M7 sublype patients, high EVIT or MEL! expression was an
independent poor prognostic marker for EFS and 08,
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figure 2. High expression of EVI1 or MELT was associated with inferior survival. Comparison of FS and OS between patients with high V17 or
MELT expression and those with Jow EVIT and MELT expression in the analysis of total AMLI9 study patients (n=130) {(a), and in the analysis

excluding e-M7 subtype patients (n=114} (b},
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-Table 2. Multivariate analyses of EFS and OS of AMLYY study patients
HR 195% Cl P-value
EFS of all patients {p= 24}
High EVII/MELT expression 2.55 {1.14-647} 0022
FLT3TD mutation 2.32 {1.10-4.58) 0.028
HE21inv(1631(15:17) 0.64 {0.25-1.74) 0.36
U5 of ali patients (n=124}
High EVIT/MELT expression 15.90 {3.27-286.32) 0.60005
FLY3TD mutation 255{1.11-5.53} 0.028
€821 inv(161/415.17) 212 (0344057} 0.46
EFS of patients excluding e-M7 subtype (n= 109}
High EVIT/MELT expression 4.09 {1.63-1245) 0.8020
FLT3TD mutation 181 (0.84-3.68) 0.33
HB21Vinw{163/4(15:17) 0.76 {0.27-2.40} 0561
08 of patients excluding e-M7 subtype (n=109)
High FWI/MELT expression 16.82 (3.40-304.48) 0.00003
FLT3-ITD mutation 2.04 (0.87-4.58) 0.098
182 1/inv(16}/t{15;17) 1.72 {0.28-33.00) 0.50
Abbreviations: (J, confidence interval; EFS, event-free survival; MR, hazard
ratio; OS, overall survival. For these analyses, we used 124 and 109 patients
whose FLT3-TD mutation status was known.

Among the 31 overexpressed patients excluding the e-M7
subtype patients, 25 obtained complete remission (CR) of at least
6 months. Eleven patients received allogenic stem cell transplan-
tation {allo-SCT) in first CR and the other 14 patients did not
{chemotherapy only; Table 3). Eight (73%) of the 11 patients that
received allo-SCT retained CR without refapse, On the other hand,
only two (14%) of the 14 patients that did not receive allo-SCT
retained CR. Thirteen of the 15 relapsed patients died. The relapse
rates and death rates were significantly different between the
presence and the absence of allo-SCT in first CR {P=0.0051 and
0.049 in Fisher's exact test, respectivelyl. Our observations suggest
a possibility that SCT improves the survival of patients with high
EVIT or MELT expression.

We then examined the reproducibility of the association of high
expression of EVI1 and MELY with inferior survival using an
independent cohort. We used pediatric AML patients registered in
AML-05 study (see Materials and methods section and
Supplementary Table 2). The EW7 and MEL] expression of the
AML-05 study patients was evaluated by guantitative RT-PCR and
judged as overexpressed when their ratios to ABLI expression
were >0.1 {(see Materials and methods section and Figure 3a).
Among the 81 AML-05 study patients that we examined; 12
overexpressed EVIT and 15 overexpressed MELT without over-
lapping {Figure 3a). Two of the 12 EViT-overexpressed patients
were diagnosed as FAB M7 subtype. The survival of EVIT- or MELI-
overexpressed patients was significantly inferior to the others
both in the analysis of all patients (HR=3.04, P=0.00017 in EF5;
HR=3.63, P=0.00028 in OS; Figure 3b) and in the analysis
excluding FAB M7 patients (HR=432, P<0.00001 in EFS;
HR =521, P=000001 in OS; Figure 3¢). Exclusion of FAB M7
patients seemed to improve the perdformarnice of this prognostic
marker,

DISCUSSION

In this study, by analyzing gene expression profiles of 130
Japanese patients, we found that most of the pediatric AML
patients were divided into six subtypes based on thelr gene
expression, and showed that reported prognostic expression
markers often exhibited subtype-specific expression patterns.

© 2015 Macmillan Publishers Limited
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Table 3. Therapies and outcomes of EVit/MEL T-overexpressed patiants
who obtained CR

Total Allo-SCT Chemotherapy  P-value
fn=25) =711} frie= 14}

Relapse (00581
CR 10 {40%) B {73%;) 2 1149%)
Relapsed 15 (60%%) 3 {27%;) 12 (B6%)

Survival 3,049

Alive 10 (40%) 7 {64%) 3 {219
Dead 15 {60%) 4 {36%; 11 {79%:)

Abbreviations: allo-SCT, allogenic stem cell transplantation; (R, complate
remission.

Moreover, we found that two homolog genes, EVIT and MELT,
were expressed in a subtype-dependent and mutually exclusive
manner among these patients, and that their high expression was
associated with inferior survival. This finding was reproduced in an
independent cohort of patients. As the association with survival
was extremely clear, the high expression of EVI7 and MEL] is
expected to be an excellent prognostic marker.

Our gene expression profiling analysis of 130 AMLDSY study
patients revealed that pediatric AML patients were separatad into
six subgroups with distinct characteristics. Based on this observa-
tion, we developed an algorithm to classify patients into the six
gene expression subtypes [e-t(8:21), e-inv(16), e-t(15;17), e-MO/M1/
M2, e-M4/M5 and e-M7]. Although it is known that cell lineages
themselves are not useful for stratification of AML patients, some
prognostic markers are likely to work in a cell lineage-dependent
manner. High EVIT expression was often observed among the
e-M7 subtype patients, but was not prognostic in this subtype. In
addition, some reported prognostic gene expression markers
exhibited clear subtype-specific expression patterns but were not
prognostic for the patienits examined in this study. Thus, knowing
the cell lineage of each patient correctly must still be important,
which prompts us to believe that our algorithm should be useful
for future researches.

The high expression of several genes such as BAALC, MNI, ERG
and EVIT was reported 1o be associated with inferior survival of
patients and prognostically useful in pediatric AML'™® However,
in our analysis, expression of 8AALC, MNT and ERG was varied in
subtype-specific manners, and their high expression was not
associated with inferior survival, Thus, their clinical usefulness as
prognostic markers may be limited, at least among Japanese
patients. The survival of patients with high EVIT expression was
inferior, but in the analysis of all patients the difference was slight
{Figure 1b). A clear difference was observed only when the
analysis was restricted to the patients with the e-M4/M5 subtype
or to those with MLL rearrangements. These results suggest that
for prognostic gene expression markars, considering subtypes is
crucial,

Our analyses revealed that high EVI7T expression could
distinguish the poor prognostic patients among the e-M4/MS
subtype patients with MLL rearrangements, and that high MELT
expression could detect the poor prognostic patients from the
e-MO/M1/M2 and e-M4/M3S subtype patients without MLL
rearrangements. Because of their mutual exclusiveness, the
cormbination of high EVI7 expression and high MELT expression
is expected to be very effective for identification of high-risk
patients, Actually, the survival of patients without their high
expression was greatly superior in the analysis of the AMLE9 study
patients (4-year EFS: 79%, 4-year O8: 92%). These findings were
validated in the analysis of the AML-05 study patients, although
patients without the high expression exhibited a slightly inferior
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Figure 3. Validation of association between high expression of EVI1 or MELT and inferior survival. (a) Expression of FV/T and MELT in BT AML-0S
study patients, Exprassion levels are shown as ratios of molar concentrations of mRNA determined by quantitative RT-PCR {see also Materials
and methods section). (b, € Comparison of EFS and OS between patients with high £V17 or MELT expression and those with low EVIT and MELT
expression in the analysis of total AML-05 study patients {n=281) {b), and in the analysis excluding FAB M7 subtype patients (n=74) {c).

survival in the analysis of the AML-05 study patients [4-vear EFS:
620, 4-year OS: 79%). This is probably attributable to the lower
intensity of chemotherapy to low-risk patients of the AML-05
protocol.

Among the 31 AMLOY study patients with high F¥I1 or MELT
expression, excluding the e-M7 subtype patients, 25 obtained CR
of at feast 6 months but 15 relapsed and 15 died. However, their
outcomes were likely affected by the therapy that they had
received. The relapsed rate (27%) of the patients who had
received allo-SCT was much fower than that (88%) of the patients
who had not received allo-SCT (Table 3). Our observations raised

Leukemia {2015) 18

the possibility that SCT improves the survival of patients with high
EVIT or MELT expression.

Bath EVIT and MELT were translocated genes in AML*?® Their
products have the same domain structure with high homology
(63% identical in amino-acid sequences) in their entire regions.? It
is also known that they share common/redundant biological
functions. EVIY and MEL1 are histone H3 lysine 9 mono-
methyltransferases that function for maintenance of heterochro-
matin integrity.”” More importantly, the £vil and Mell genes are
selectively expressed in hematopoietic stem cells in mice, and
their knockouts cause defects in hematopoietic stem cells**?°
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Considering the lines of evidence to support causative involve-
ment in AML and these structural and functional similarities, high
expression of EVW1 and MELT is likely to activate the same
oncogenic pathway and to function as a direct cause of poor
prognosis. As high EVI1 or MELT expression was very tightly
associated with inferior survival, this pathway should be an
appropriate therapeutic target for poor prognostic patients in the
future.

Our results indicate that high EVH or MELT expression & a
compelling poor prognostic marker, and also raised the possibility
that it would be useful for treatment decision, However, as this is a
retrospective  study, further confirmation using other patient
cohorts will be necessary,

CONFLICT OF INTEREST

The authors declare no conflict of interest,

ACKNOWLEDGEMENTS

We thank the following institutions and investigaters that participated in the AMLY9
and AML-05 studies conducted by Japanese Childhood AWML Cooperative Study
Group and Japanese Pediatric Leukemia/Lymphoma Study Group, respectively:
Kazuko Hamanioto, Department of Pediatrics, Hiroshima Red Cross Hospital, Ryoji
Hanada, Department of Hematology/Oncology, Saitama Children's Medical Center;
Masue Imaizumi, Department of Hematology/Oncology, Mivagi Prefectural Childrews
Hospital; Shotaro lwamoto, Department of Pediatrics, Mie University School of
#edicine; Hisato Kigasawa, Depanment of Hematology, Kanagawa Children’s Medical
Center: Akitpshi Kinoshita, Department of Pediatrics, 51 Marianaa University School of
Medicing; Ryoji Kobayashi, Department of Padiatrics, Hokkaido University School
of Medicine; Katsuyoshi Koh, Department of Hematology/Oncology, Saitama
Children's Medical Center; Yoshiyukl Kosaka, Department of Hematology and
Oncology, Hyogo Children’s Hospital, Kezuke Hudo, Depariment of Pedistrics,
Nagoya University Graduate School of Medicing; Akira Morimoto, Department
of Pediatrics, Kyoto Prefectural University of Medicine Hiroshi Moritake, Division of
Pediiatrics, Depanment of Reproductive and Developmental Medicing, Faculty of
Medicing, University of Mivazaki Hideki Nak v, Depantment of Pediatrics,
Hamanomachi Hospital, Akis Ohara, Department of First Pediatics. Toho University
School of Medicine: Akira Shimada, Department of Pediatrics, Okayama Univarsity;
Hiroyuki Takahashi, Department of Pediatdcs, Saiseikal Yokohama City Southen
Hospitah Kiminort Terul, Departiment of Pediatngs, Hirosaki University Graduate
Schoot of Medicine; Masahiro Tsuchida, Deparntment of Pedistrics, lbaraki Childrens
Hospital Shigeru Tsuchiva, Depastmient of Pediatric Oncology, Institute of Davelop-
ment, Aging and Cancer, Tohoku University; and Hiromasa Yabe, Department of
Pediatrics, Tokai University School of Medicine. This work was suppornted by a Gram-
in-Aid for the Third Term Comprehensive Control Research for Cancer from the
Ministry of Health, Labour and Welfare of Japan; the programme for promotion of
Fundamental Studies in Health Sciences of the National Ingtitute of Biomedical
Innovation of Japan; and Grants-in-Aid for Scientific Research (B, C) from the Ministry
of Education, Culture, Sports, Scence and Technelogy of Japan,

AUTHOR CONTRIBUTIONS

¥ Hayashi, TY and HI designed and organized this study; AJ, SM, NS, ¥ Mara and
Hi performed molecular analysis; ¥ Hayashi, 1T, AT, K, DT, 1T and SA collected
patient samples and clinical data; A, HT and Hl analyzed and interpreted data;
and Al and HI wrote the manuscript,

REFERENCES

1 Frohling S, Schofl €, Gilliland DG, Levine RL. Genetics of myeloid malignancies:
pathogenetic and clinical implications, J Chin Oncol 2005, 23: 6285-6295,

2 Marcucct G, Haferdach T, DShner H. Molecular genetics of adull acute myeloid
leukemia: prognostic and therspewtic implications.  Clin Oncol 28V1 29
475-486,

3 Pui CH, Carroll WL, Meshinchi S, Arcect R, Biology, risk stratification, and therapy
of pediatric acute feukemias: an update. J Clin Oncof 2011; 29: 551-565,

4 Tomizews D, Tawa A, Watanabe 7, Saito AM, Kudo K Tags T e al
Appropriate  dose reduction in  induction therapy s essentizl for the
treatment of infants with acute myeloid leukemiar s report from the Japanese
Pediatsic  Leukemdafiyrmophoma  Study Group. Int J Hematol 2313, 98
578588,

& 2015 Macmiltan Publishers Limited

Pediatiic AML prognosis and EVII/MELT exprassion
Aloetal

5 Golub TR, Slonim DX, Tamavo P. Huard € Gassenbeek M, Mesirov 1P ef ol
Molecular classification of cancer: class discovery and class prediction by gene
expression monitoring, Science 1999; 286: 531-337,

Schach €, Kohlmann A, Schnittger 8, 8rors 8, Dugas M, Mergenthaler § et ol

Acute myeloid leukemias with reciprocal rearrangements can be distinguished

by specific gene expression profiles. Proc Natl Acad Sci USA 2002 99:

16008-10013,

Yagi T, Morimoto A, Eguchi M, Hibi S, Sako M, Ishil E et of tdertification of 2 gene

exprassion signature associated with pediatric AML prognosis. Blood 2003; 102:

18491856,

Ross ME, Mahfouz R, Onciu M, Liu HC, Zhou X, Song G e ol Gené expression

profiling of pediatric acute myelogenous Jeukenvia. Blood  2004; 104

36793687,

Theilgaard-Ménch K, Boultwood J, Ferrari S, Giannopoulos K, Hernandez-Rivas JM,

Kohimann A ¢f ol Gense expression profiling in MDS and AML: potential and

future avenues, Lenkemia 2017; 25: 909~-920.

10 Bullinger L Dohner K, Bair E, Fréfling S, Schienk RF, Tibshitani R et al. Use of gene-

expression profiling to identify prognostic subclasses in adult acute myeloid

leukemia. N Engl J Med 2004; 350: 1605-1616.

Metzeler KH, Hummal ¥, Bloomfield CD, Spiekermann K, Braess J, Saverland MC

at ul An BBprobe-set gene-expression signature predicts survival in cytogenati-

cally normal acute myeloid lsukemia Slood 2008 112: 41954201,

Eppert K, Takenaka K, Lechman ER, Waldron L, Nilssos B, van Galen P er ol

Stern el gene expression programs influgnce clinical outcome in buman leu-

kemia, Nat Med 2011; 17: 10B6-1093,

13 Shiba N, Ichikawa ¥, Taki 7, Park MY, Jo A, Mitani §, Kobayashi T et ol NUPBE-NSDH
gene fusion and its refated gene expression signature are strongly associated
with 3 poor prognosis In pedismic acute mvelold lsukemia, Senes Chromosomes
Cancer 2013; 52: 683-693,

14 Verhask RG, Wouters BJ, Erpelinck CA, Abbas 3, Beverloo HB, Lugthart § ef ol
Pradiction of molecular subtypes in acute myelold leukemis based on gens
expression profiling. Haematologica 2008; 94: 131-134.

15 Metzaler BH, Dufour A, Benthaus T, Hummel M, Sauerlaned 8C. Helnecke A et ol
ERGE expression is an independent prognostic factor and allows refined risk
stratification in cytogenetically normal acure myelold leukemia: a cony
analysis of ERG, MNI, and BAALC wranseript levels using oligonucleotide micro-
arrays. 4 Clin Oncol 2008; 27 5031-5038.

16 Graschel 5, Lugthart §, Schienk RF, Valk PJ, Eiwen K, Goudswaard € et al, High EVI1
expression predicts outcome in younger adult patients with acute mysloid leu-
kemia and B associated with distin cytogenstic abnormalities. 7 Cin Oncol 2010;
28: 210712107,

17 Balgobind BV, Lugthart S, Hollink 1M, Arentsen-Peters ST. van Waring ER,
de Graal 55 et ol EVIY overexpression in distingt subtypes of pediatric scute
myelold leukemia, Leakemia 2010; 24 942-940.

18 Staffas A, Kandurt M, Hovland & Rosenquist 8, Ommen HB, Abrahamsson J er ol
Presence of FLY3STD and high BAALC expression are independent prognostic
markers in childhood acute myeloid leukemia, Blood 2011, 118 5005-5813,

19 Kudo ¥, Kojima S, Tabuchi K, Yabe H, Tawa A, Imaizumi M af ol Prospective study
of & pirarubicin, intermediate-dose cytarabine, and etoposide regimen in children
with Down syndrome and acute myeloid leukemia: the Japanese Childbood AML
Conparative Study Group. J Clin Oncol 2007; 28: 54423447,

20 Tsukimote §, Tawa A, Horibe K, Tabuchi K Kigasawa M, Tsuchida M et ol

Risk-stratified therapy and the intensive use of cytarabine improves the outcome

in childhood acute mvelold leukemia the AMLYY teial from the Japanese Child-

hood AML Cooperative Study Group. J (in Oncol 2009; 27: 4007-4013.

imaizumi M, Tawa A, Hanada B Tsuchida M. Tabuchi K. Kigasawa H et ol

Prospective study of a therapeutic regimen with alltrans retinoic acid and

antheacyclings in combination of cytarabine in childrer with acute promyelocytic

leukaemia: the Japaness childhood acute myeloid feukasemia cooperative study.

8r J Hagmatol 2011; 152: 89-98,

Pallisgaard N, Hokland P, Riishoj OC, Pedersen B, Jorgensers P. Multiplex reverse

trapscription-polymerase chain reaction for simultaneous screening of 29 transs

locations and chromosomal aberrations in acute leukemia, Blood 1998; 92

574~588.

Salto-Teller M, Shelat SG, Benoit 8, Rennert H, Carroll M, Leonard DG et ol

Multiplex  RT-PCR for the detection of leukemia-associated translocations:

validation and application to routine molecular diagnostic practice, J Mol Diagn

2003; 5: 231-236.

feillard £, Pallisgaard N, van der Velden VH, BI W, Des B, van der Schoot E et ol

Evatuation of candidate control genes for diagnosis and residual disease detec-

tion in leukemic patients using ‘real-time’ quantitative reverse-transcriptase

polymerase chain reaction (RQ-PCR) - a Europe against cancer program. Leukemia

2003: 17 2474-2486.

25 Morishita K, Parganas E William CL, Whittaker MH, Drabkin H, Oval J et ol
Activation of EVIT gene expression in human acute myelogenous leukemias by

fy

o~

o

L]

i

2

-

2

fate

2

a3

I
h:4

Leukemia {2015) 1~8

- 131 -



Pediatric AML prognosis and EVIT/MELT expression
Aldo et al

&

transiocations spanning 300-400 kilobases on chromosome band 3g26. Proc Nail
Acad Sci USA 1992; 89: 39373941,

26 Muochizuki N, Shimizu S, Nagasawa T, Tanaka H, Tantwiki M, Yokota § et ol A novel
gene, MEL], mapped to 1p36.3 8 highly homologous to the MDST/EVIT gene and
i transcriptionally activated in L3P 362 1 -positive leukemda cells. Blood 2000
a6 3209-3214.

27 Pinheiro |, Margueron R, Shukeir N, Eisold ¥, Fritzsch €, Richter FM gr ol Prdm3
and Pradmi6 are H3K9mel methyltransferases requited for mammalian hetero-
chromatins integrity. Cefl 2012; 150: 948960,

28 Yuasa H, Oke Y, lwama A, Nishikata |, Sugivama D, Perking A ef ¢l Oncogenic
transcription factor Evil regufates hematopoietic ster cell proliferation through
GATA-2 expression, EMBO J 2005; 24: 1976-1987.

29 Goyama % Yamamoto G, Shimabe M, Sato T, Ichikawa M, Ogawa Seral Bvi-l1 B2
critical regulator for hematopoletic stem calls and wansformed jsukemic cells
Cell Arem Cell 2008; 3: 207-220.

30 Aguilo F, Avagyan $, Labar A, Sevilla 4, Lee DF, Kumar P 2t al Prdmis
is a physiologic regulator of hematopoietic stem cells, 8lood 200y 117
80575066,

Supplementary Information accompanies this paper on the Leukemia website (http//www.nature.com/leu)

Leukemia {2015} 18

@ 2015 Macmillan Publishers Limited

- 132 -



