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Fig. 1 Probability of 3-year OS (a) and DFS (b) in 130 AML
patients, excluding those with FAB-M3 and Down syndrome.
Kaplan—Meier estimates for patients with and without W7/ mutation
are shown

mutations had no independent effects on the outcome when
the FLT3-ITD status was taken into account [18, 21, 22].
These results suggest an effect on the clinical outcome due
to the different treatment regimens used in each study. For
example, when comparing the treatment protocols, the
cumulative doses of high-dose cytarabine given for con-
solidation treatment were markedly different. The current
patients were treated on the Japanese Childhood AML
Cooperative Study Group Protocol, AML99, in which the
intensive use of cytarabine, including high-dose cytarabine,
was considered to improve the outcome. Improvement of
the clinical outcome of patients with W7'J mutation in this
study might have decreased the differences in the 3-year
OS and DFS between patients with and without WTI
mutation, although WT'/ mutation was not a significant risk
factor on 3-year OS and DFS by multivariate analyses.
WT1 mutations have been reported to be an adverse
prognostic factor in some studies because of the high fre-
quency of coexisting FLT3-ITD [18, 21, 22]; however,
only 2 cases had both WTI mutation and FLT3-ITD in our
study. Because of the small number of cases, prognostic
analysis for each status of WT'/ mutation and FLT3-ITD

@ Springer

Fig. 2 Probability of 3-year OS in 34 patients (a) and DFS in 29
patients (b) with CN-AML, excluding those with FAB-M3 and Down
syndrome. Kaplan-Meier estimates for patients with and without WT'/
mutation are shown

was not performed. On the other hand, WTJ mutations
were associated with a poor prognosis in patients with CN-
AML excluding those with FLT3-ITD and less than 3 years
old. There has been no similar report of this result.
Although further validation of the present results is
required, W'/ mutation might be a prognostic factor in
patients with CN-AML excluding those with FLT3-ITD and
<3 years old.

The frequencies of WT'/ mutations (6.5 % of total AML
and 15.2 % of CN-AML) tended to be low compared with
previous pediatric reports (8.2-11.7 and 14.3-22.3 %,
respectively) [19, 21, 22], although the differences were
not significant. This might be due to racial differences or
the samples used. Previous reports used genomic DNA for
analyzing WTI mutation; however, we could use only
cDNA. We could not amplify WT'I genes by RT-PCR in 4
cases (2.5 %). In a previous study, Hollink et al. [19]
described 2 cases (1 %) with homozygous deletion out of
298 patients. If homozygous deletions occur in tumor
suppressor genes, expressions will be lost and analyses
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Fig. 3 Probability of 3-year OS in 20 patients (a) and DFS in 19
patients (b) aged 3 years or older with CN-AML, excluding those
with FLT3-ITD, FAB-M3, and Down syndrome. Kaplan-Meier
estimates for patients with and without W71 mutation are shown

Table 4 Multivariate model of prognostic risk factors (overall sur-
vival, N = 130)

Variables Hazard ratio P value 95 % CI
FLT3-ITD 5.62 <0.01 2.41-13.12
MLL-PTD 1.96 0.11 0.87-4.46
RAS mutation 1.89 0.15 0.80-4.47
WT1 mutation 1.36 0.62 0.40-4.57
KIT mutation 0.75 0.64 0.22-2.50
FLT3 D835 mutation <0.01 1.00 0.00-c0

CI confidence intervals

using cDNA will be impossible. As a result, the rate of
detecting mutations in these genes is generally higher in
genomic DNA than in cDNA [31-33]. Therefore, genomic
DNA is usually used for the analysis of these genes. Loss
of WT! amplification in our study might be partially
explained by homozygous deletions of WTI genes; how-
ever, the frequency of homozygous deletion based on a
previous report [19] seemed to be low. Thus, its influence
on our research might be limited.

Table 5 Multivariate model of prognostic risk factors (disease-free
survival, N = 122)

Variables Hazard ratio P value 95 % C1

MLL-PTD 2.37 0.21 1.14-4.96
FLT3-ITD 2.29 0.10 0.86-6.09
KIT mutation 1.70 0.26 0.68-4.22
RAS mutation 1.27 0.50 0.63-2.57
WTI mutation 0.57 0.41 0.15-2.20
FLT3 D835 mutation 047 0.45 0.06-3.45

CI confidence intervals

When combined with three previous pediatric reports
and our data, WT'I mutations were identified in 50 out of
286 (17.5 %) patients with CN-AML [19, 21, 22]. On the
other hand, they were identified in 146 out of 1,283
(11.4 %) adult patients when combined with three large-
scale reports [16-18]. The frequency of W7 mutation in
patients with CN-AML was significantly higher in pediatric
compared with adult patients (P < 0.01). It was impossible
to compare the frequencies of WTI mutations in AML
patients other than CN-AML because the analyses were
usually performed focusing on patients with CN-AML in
adult reports.

In 70 % of cases with WTI mutations, two or more
mutations were detected in the W7/ gene (Table 1). This
frequency was higher than those in previous reports by
Hollink et al. [19] (16/35, 46 %, P = 0.28), and Ho et al.
[21] (15/70, 21 %, P < 0.01). It became clear that the
existence of multiple mutations of WT'/ genes was not rare.
Meanwhile, 90 % of cases with WTI mutations were
accompanied by other mutations, including FLT3-ITD,
MLL-PTD, and mutations of FLT3 D835, KIT, or RAS
(Table 1). This frequency was higher than in patients
without W71 mutation (67/143, 47 %, P < 0.01). From
these results, there is a possibility that mutations of WT
and other genes collaborate and participate in the devel-
opment of AML. The traditional model of molecular-
genetic cooperativity in myeloid leukemogenesis states that
“class 1I” events, which impair differentiation, must be
coupled with “class I” events, which confer a proliferative
advantage [34]. In our study, WT! mutations showed sig-
nificant overlap with class I mutation, such as FLT3-ITD,
MLL-PTD, and mutations of FLT3 D835 and KIT, so the
role of WT'1 mutation in the stepwise evolution might be
associated with the arrest of differentiation.

WT1 mRNA expression at diagnosis tended to be higher
in patients with compared with those without WT'/ muta-
tion, although the difference was not significant, probably
due to the low number of patients with W7/ mutation.
Overexpression of wild-type W71 is a common finding in
AML [35-37], although WTI mutations in AML appear to
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result in a loss of WTI function. This contradiction, in
which a single gene might function as both an oncogene as
well as a tumor suppressor, may stem from the ability of
the WT1 protein to function either as a transcriptional
activator or repressor, depending on a multitude of factors
[11]. There is still much to be learned about the biology of
WT1 in AML.

In conclusion, WT'I mutations were the most common in
patients with normal karyotype AML, and showed no cor-
relation with the 3-year OS and DFS. However, these
mutations were associated with a poor prognosis in patients
with CN-AML excluding those with FLT3-ITD and <3 years
old.
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Excess treatment reduction including anthracyclines results in
higher incidence of relapse in core binding factor acute myeloid

leukemia in children
Leukemia (2013) 27, 2413-2416; doi:10.1038/leu.2013.153

Patients with core binding factor acute myeloid leukemia
(CBF-AML) with translocation (8;21)(q22;922) [t(8;21)] and inver-
sion of chromosome 16(p13.1g22), or its variant t(16;16)
(p13.1;,922) [inv(16)], generally have favorable outcomes, as the
probabilities of event-free survival (pEFS) and overall survival
(POS) were around 80% and 90%, respectively, in recent clinical
trials of pediatric AML.'™ It is well recognized that intensive post
remission chemotherapy with high-dose cytarabine (HDCA) has
contributed to the improved survival of CBF-AML*® Although
there is evidence that high doses of anthracyclines—another key
component of AML chemotherapy—improves the outcomes in
children and adults with AML,%” its effects in CBF-AML are not well
established, unlike those of HDCA. Moreover, higher doses of
anthracyclines are associated with increased risk of late
cardiotoxicity, which could occur at a lower cumulative dose (for
example, >300mg/m? in children than in adults.® Therefore, it
needs to be evaluated whether intensive use of HDCA could
compensate for a reduction in the other treatment components,
especially the cumulative anthracycline dose, by maintaining high
pEFS and pOS and reducing the risk of late complications such as
anthracycline-induced cardiotoxicity in particular.

Following the excellent outcomes of the AML99 study line
conducted by the Japanese Childhood AML Cooperative Study

Accepted article preview online 16 May 2013; advance online publication, 4 June 2013
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Group,® a nationwide multicenter study (termed the AML-05
study) was conducted by a new national study group established
in 2003, the Japanese Pediatric Leukemia/Lymphoma Study
Group (JPLSG), to optimize risk-stratified therapies for child-
hood AML. This trial is registered with UMIN Clinical Trials Registry
(UMIN-CTR, URL: http//www.umin.acjp/ctr/index.htm), number
UMINOOO000511. The main objective for the low-risk (LR) group,
which included most of the patients with CBF-AML, was to
evaluate the efficacy and safety of a chemotherapy regimen
comprising a reduced cumulative dose of anthracyclines and
etoposide. Between November 2006 and December 2010, 485
consecutive patients aged <18 years with suspected AML
diagnosed at 118 centers and hospitals in Japan were registered
in AML-05. Patients with acute promyelocytic leukemia, Down
syndrome, secondary AML, myeloid/natural killer cell leukemia
and myeloid sarcoma were not eligible. AML was diagnosed using
the World Health Organization (WHO) classification of tumors of
hematopoietic and lymphoid tissues (3rd edition).” Among the
443 eligible patients, 122 (27.5%) presented with t(8;21) and 32
(7.2%) with inv(16). Their data were compared with historical
controls consisting of 89 CBF-AML children in the previous AML99
study. Written informed consent, provided according to the
Declaration of Helsinki, was obtained from the guardians of
the patients. All aspects of the study were approved by the
Institutional Review Boards at all the participating institutions. The
therapeutic regimens used in the AML-05 and AML99 studies are
presented in Figure 1. Several changes were introduced in AML-05
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compared with AML99. First, the initial induction course was
unified to the ECM (consisted of etoposide, cytarabine and
mitoxantrone, with triple intrathecal chemotherapy). Second, the
risk groups were redefined as follows: all of the CBF-AML patients
with good initial responses after the initial induction course were
included in the LR group, without considering the patient’s age
and white blood cell (WBC) count, while patients with Fms-like
tyrosine kinase 3 internal tandem duplications (FLT3-ITD) were
included in the high-risk (HR) group. We also reduced the total
number of chemotherapy courses from six to five. Finally, the
indication for allogeneic hematopoietic stem cell transplantation
(HSCT) was limited to the HR group. Therefore, most of the
patients with CBF-AML (87.6% (135/154)) were included in the LR
group and received five courses of intensive chemotherapy, of
which four included HDCA but the cumulative anthracycline dose
was limited to 225 mg/m daunorubicin-equivalents (the cumula-
tive anthracycline dose was calculated relative to the amount of
daunorubicin using a conversion rate of 5:1 for daunorubicin to
mitoxantrone/idarubicin). A small subset of patients with HR
CBF-AML (5.1% (8/154)), those with residual leukemia in any site
after the initial induction course or those with FLT3-ITD, received
HSCT at the first remission (1CR).

The characteristics of patients at diagnosis in the AML-05 and
AMLO9 studies are reported in Table 1. Sex, age and WBC count
were comparable in both studies, but the distribution of French-
American-British classification categories differed. This is because
the patients were diagnosed according to the WHO classification
(3rd edition) in AML-05, which included patients with low bone
marrow blast percentages of 20-30% who are classified as having

refractory anemia with excess blasts in transformation (RAEB-T).
Additionally, while FLT3-ITD status was prospectively examined in
all patients in AML-05, it was examined retrospectively in
approximately 60% of patients in AML99, although the difference
was not significant.

Induction responses in children with CBF-AML were not
significantly different between AML-05 and AML99. Among the
147 CBF-AML patients who achieved 1CR in AML-05, 135 patients
were assigned to the LR group, while the other 8 patients
were assigned to the HR group. Four patients with CBF-AML
discontinued the study because of incorrect risk assignment in three
and the guardian’s decision in one. Among 87 CBF-AML patients
who achieved 1CR in the AML99 study, 77 were assigned to the LR
group, 7 to the intermediate-risk group and 3 to the HR group.

The 3-year pEFS, pOS and cumulative incidence of relapse (CIR)
for all CBF-AML, t(8;21), inv(16), and CBF-AML without unfavorable
factors (t(8;21) and WBC >50000/ul, RAEB-T and FLT3-ITD) in
AML-05 and AML99 are reported in Table 1. The median follow-up
was 3.08 years (range, 0.04 to 5.28 years) and 4.78 years (range,
0.17 to 6.08 years) in AML-05 and AML99, respectively. Among all
CBF-AML patients, the CIR was significantly higher in AML-05
(29.9% (95% Cl, 23.1-38.1%) vs 17.1% (95% Cl, 10.7-26.8%);
P=0.041), although relapsed patients are likely to be salvaged
by variable second-line chemotherapy followed by HSCT
(37/38 relapsed LR patients received HSCT after the first relapse).
The 3-year pEFS, pOS and CIR for RAEB-T patients were 84.0%
(95% Cl, 62.8-93.6%), 85.3% (60.6-95.1%) and 16.0% (6.3-37.1%),
respectively, which were comparable to the other CBF-AML
patients in AML-05. Predictive factors for pEFS, treatment

ind-1 Ind-2 Risk stratification Intensification
AML-05 LR
- (8;21), inv(16)
- and, CR after Ind-1

« and, absence of FLT3TD

iR

-No LR or HR features

ECM
=

HR

- -7, 5g-, {(16;21)(p11:922), Pht =3

- or. FLTSTD L Hr mscT

+ or, non-CR after ind-1

LR
AML99 A . 1(8;21) and WBC <50 000/uL., inv(16)

- and, CR after Ind-1 =P | SECM
WBC <100 000/ul.|  EcM - or, age <2 years without HR features
or age <2 years

R

« No LR or HR features r’ IR: HSCT, if MSD+

B: : .

WBC 2100 000/uL = SECM SECM
and age 22 years | SqECI - -7, 50-, (16;21)(p11;q22), Ph1

+ or, non-CR after Ind-1 L} HR: HSCT
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59.4/61.0 375/370 55/30 20/44 3 150/3 300

Figure 1. Treatment schedules, risk stratification and cumulative doses of cytarablne/anthracyclmes/etoposnde in the AML-05 and AML99
studies. ECM consisted of etoposide (150 mg/m E)er day on days 1-5), cytarabine (200 mg/m? per day via 12h continuous intravenous
infusion {CiV) on days 6-12), mitoxantrone (5 mzq per day on days 6-10) and age-adjusted dose of triple intrathecal chemotherapy (TiT) on
day 6. sqECI consisted of etoposide (100 mg/m per day on days 1-3 and 200 mg/m? per day on days 11-13), cytarabine (500 mg/m? per day
via 24 h CIV on days 4-6 and 500 mg/m? per day via 20h CIV on days 11- 13) idarubicin (8 mg/m~ per day on days 4- 6), and TIT on day 4.
HCE! consisted of HDCA(3 g/m? every 12 h on days 1-3), etoposide (100 mg/m?* per day on days 1-5), idarubicin (10 mg/m* on day 1), and TIT
on day 1. HCE consisted of HDCA (2 g/m? every 12 h on days 1-5), etoposide {100 mg/m? per day on days 1-5) and TiT on day 1. HCl consisted
of HCE! wrthout etoposide. HC consisted of HCE without etoposide. HCM consisted of HDCA (2 g/m? every 12h on days 1-5), mltoxantrone
(5 mg/m per day on days 1-3), and TiT on day 1. sECM consisted of etoposide (150 mg/m? per day on days 1-3), cytarabine (200 mg/m? per
day via 24 h CIV on days 4-8), mitoxantrone {5 mg/m? per day on days 4-6), and TIT on day 1. Ind-1, induction course 1; Ind-2, induction course
2; HSCT, allogeneic HSCT; MSD, matched sibling donor. *The cumulative anthracycline dose was calculated relative to the amount of
daunorubicin using a conversion rate of 5:1 for daunorubicin to mitoxantrone/idarubicin.
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Table 1. Characteristics and treatment response of patients with
CBF-AML in the AML-05 and AML99 studies
AML-05 AML99 P-value
(n=154) (n=389)
Sex, n (%)
Male 92 (59.7) 53 (59.5)
Female 62 (40.2) 36 (40.4) 0.976
Age at diagnosis {years)
Median 85 8
Range 0-17 0-15 0.655
WBC at diagnosis (/ul)
Median 15 540 14 800
Range 617-266 900 1 340-365 000 0.250
FAB classification, n (%)
M1 16 (10.3) 10 (11.2)
M2 82 (53.2) 63 (70.7)
M4 14 (9.0) 9 (10.1)
M4Eo 14 (9.0) 4 (4.4)
M5 2(1.2) 3(3.3)
RAEB-T* 25 (16.2) 0 (0.0)
ND 1 (0.6) 0 (0.0 <0.001
Cytogenetics, n (%)
(8,21) 122 (79.2) 77 (86.5)
inv(16) 32 (20.7) 12 (13.4) 0.154
FLT3-ITD status, n (%)
Positive 5(3.2) 2(2.2)
Negative 149 (96.7) 51 (57.3)
NE 0 (0.0 36 (40.4) 0.796
Induction response, n (%)
CR after induction 1 144 (93.5) 84 (94.3) 0.785
CR after induction 2 147 (95.4) 87 (97.7) 0.361
Early death 1{0.6) 0 (0.0 0.446
Non-response (after 3(1.9) 2(2.2) 0.185
induction 2)
Survival of all CBF-AML patients, % (s.e.)
3-year pEFS 68.3 (3.9 80.9 (4.1) 0.058
3-year pOS 92.1 24) 92.1 (2.8) 0.953
3-year CIR 29.9 (3.8) 17.1 (4.0) 0.041
Survival of (821} patients, % (s.e.)
3-year pEFS 67.0 (4.4) 79.2 (4.6) 0.112
3-year pOS 91.0 (2.8) 909 (3.2) 0912
3-year CIR 315 (4.3) 185 (4.4) 0.068
Survival of inv(16) patients, % (s.e.)
3-year pEFS 74.1 (7.9) 916 (7.9) 0.218
3-year pOS 96.8 (3.0) 100 0.540
3-year CIR 232 (7.7) 83 (7.9) 0.278
Survival of CBF-AML patients without t(8;21) and WBC > 50 000/ul, RAEB-T or
FLT3-ITD, % (s.e.)
3-year pEFS 68.6 (4.6) 82.6 (4.3) 0.051
3-year pOS 95.0 (2.4) 94.6 (2.5) 0.953
3-year CIR 31.3 (4.6) 16.2 (4.2) 0.031
Abbreviations: CBF-AML, core binding factor acute myeloid leukemia; CIR,
cumulative incidence of relapse; CR, complete remission; FAB, French~
American-British; FLT3-ITD, Fms-like tyrosine kinase 3 internal tandem
duplications; ND, not determined; NE, not evaluated; pEFS, probability of
event-free survival; pOS, probability of overall survival; RAEB-T, refractory
anemia with excess blasts in transformation; s.e, standard error; WBC,
white blood cell.

(AML-05 vs AML99), age at initial diagnosis (=10 vs <10 years), sex
{female vs male), WBC count at initial diagnosis (>50000/u vs
<50000/ul), and cytogenetics [inv(16) vs 1(8;21)], were evaluated
by univariate and multivariate analyses {patients receiving HSCT at
1CR were excluded). In Cox regression analysis, the adjusted hazard
ratio for pEFS was significantly worse for patients treated in AML-05
than in patients treated in AML99 (hazard ratio, 2.088 (95% Cl,
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1.125-3.875); P=0.020), and was significantly better in patients
aged > 10 years at diagnosis compared with those aged < 10 years
at diagnosis (hazard ratio, 0494 (95% Cl, 0.271-0.899); P=0.021).

Thus, our attempt to reduce the cumulative dose of anthra-
cyclines to <300 mg/m? for CBF-AML patients in AML-05, while
maintaining the treatment intensity by using intensive HDAC in
4/5 treatment courses, resulted in the decrease of pEFS by ~ 10%
because of the higher CIR. Interestingly, this effect was prominent
in patients aged <10 years at diagnosis, as the pEFS in chiidren
aged <10 years vs > 10 years was 57.4 vs 82.6% in AML-05, while
it was 82.0 vs 82.0% in AML99. Of course, it is not only the
cumulative dose of anthracycline, but also the number of
treatment courses and the cumulative dose of etoposide that
were changed in AML-05 relative to those in AML99 (Figure 1).
However, high pEFS and pOS for CBF-AML were achieved with
four to five treatment courses and a similar dose of etoposide in
other studies’>'° In addition, decrease in pEFS was not observed
for non CBF-AML cases in AML-05 with similar changes in number
of treatment courses and cumulative etoposide dose, while
cumulative anthracycline dose was not changed from AML99
(to be reported in detail in a separate manuscript). Considering
these facts, it is likely that the reduced cumulative anthracycline
dose was responsible for the higher CIR in the current study than
in AML99. Despite higher CIR among CBF-AML patients in AML-05,
pOS was identical to that in AML99. However, the overall
transplantation rate was higher in AML-05 than in AML99
(33% (51/154) vs 19% (17/89)), because most of the patients
who experienced relapse underwent HSCT as second-line
treatment, which is unlikely to be accepted by patients with
CBF-AML. Therefore, we reintroduced the AML99-based post
remission chemotherapeutic regimen for CBF-AML patients
included in our subsequent study, AML-12. Nevertheless, the
finding that nearly 70% of the CBF-AML patients were cured with
very low doses of anthracyclines suggests that other underlying
biological factors, such as KIT mutations,'* should be identified for
future stratification of CBF-AML in children.

In conclusion, the results of this study indicate that caution is
needed when reducing the cumulative anthracycline dose to
<300 mg/m? as part of conventional combination chemotherapy
for treating CBF-AML in children. Several novel agents,
including gemtuzumab ozogamicin, had clinical benefits
for CBF-AML patients as part of induction chemotherapy.'*'3
The introduction of such agents into combination chemotherapy
might be required before considering further reduction of the
anthracycline dose.
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Associations between genome-wide Native American ancestry,
known risk alleles and B-cell ALL risk in Hispanic children

Leukemia (2013) 27, 2416-2419; doi:10.1038/leu.2013.130

Hispanic children have a 10-30% greater incidence rate of ALL
than non-Hispanic whites, and nearly double the rate observed in
African-Americans.! Ethnic differences in ALL incidence may be
explained by population-level differences in the frequency of
genetic risk factors, including those first discovered in genome-
wide association studies of European-ancestry populations.” As
Hispanics are an admixed population with European, African and
Native American ancestry, differences in ALL incidence observed
in Hispanics may be attributable to genetic risk factors associated
with Native American ancestry.

Increased Native American ancestry has been linked to
increased risk of relapse among Hispanic children with ALL® but
no study has yet investigated the contribution of genome-wide
Native American ancestry to ALL incidence. Using genome-wide
SNP data from 298 Hispanic children with B cell ALL and 456
matched controls from the California Childhood Leukemia
Study (CCLS), we investigated whether genome-wide Native-
American ancestry was associated with increased risk of B-cell ALL.
Additionally, we assessed whether the risk alleles at loci identified

Accepted article preview online 25 April 2013; advance online publication, 17 May 2013

Leukemia (2013) 23762424

in genome-wide association studies of European-ancestry
populations (IKZF1, CDKN2A, PIP4K2A, ARID5B, CEBPE) were more
common in individuals with greater levels of Native American
ancestry. Finally, we quantified the contribution of these validated
risk loci to the increased ALL incidence observed in Hispanics
relative to populations of European or African ancestry.

Study participants were Hispanic children from the CCLS, whose
recruitment and enrollment procedures have been described in
detail previously (Supplementary Table $1).”% Cytogenetic
characteristics of included cases are shown in Supplementary
Table S1. DNA was isolated from dried bloodspots collected at
birth and archived by the California Department of Public Health.
Samples were genotyped using the lllumina OmniExpress plat-
form, assaying 730525 single-nucleotide polymorphism (SNPs).
Samples with genotyping call rates<98%, with discordant sex
information (reported versus genotyped sex), or showing evidence
of cryptic relatedness were excluded from analyses. To exclude
poorly genotyped SNPs, SNPs with genotyping call rates <98% or
Hardy-Weinberg Equilibrium P-value <1 x 1077 in controls were
removed from analyses.

A linkage-reduced set of 63303 autosomal SNPs, evenly
distributed across the genome, was extracted from the
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Incidence and survival rates of hematological malignancies
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on registry data from the Japanese Society of Pediatric
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Abstract Neither accurate incidence nor survival data for
pediatric patients with hematological malignancies (HM)
have been available in Japan to date. Incidence of patients
under 20 years of age, who were diagnosed with HM from
2006 to 2010, and their two-year survival rate (2y-OS)
were obtained from disease registry data maintained by the
Japan Society of Pediatric Hematology (JSPH). A total of
5,287 cases of HM were identified during this period.
Acute lymphoblastic leukemia (ALL, 46.6 %) showed the
highest incidence, followed by acute myeloid leukemia
(AML, 16.7 %), non-Hodgkin lymphoma (NHL, 11.9 %),
and histiocytosis (11.8 %). ALL, AML and histiocytosis
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were common in younger patients aged 1-4, while NHL
tended to occur more frequently in older patients aged
5-14. The 2y-OS of HM was 91.6 %, with that for the most
common B-precursor ALL rising to 96.2 %. The 2y-OS for
M3 AML, lymphoblastic-B-precursor or diffuse large B
cell NHL, Hodgkin lymphoma, myeloproliferative disor-
ders, and Langerhans cell histiocytosis was >95 %. There
were no gender differences in prognosis, while infants
(88.0 %) and adolescents aged 15-19 (90.6 %) tended
toward a poorer prognosis. This is the first report to
describe incidence and survival times from the nationwide
JSPH disease registry. More precise data with longer fol-
low-up is needed.

Keywords Hematological malignancies - Children -
Registry data - Survival

Introduction

Until now, knowledge of the incidence of pediatric
hematological malignancies in Japan has relied on regis-
tration at the Research Program for the Treatment of
Chronic Pediatric Diseases of Specified Categories [1, 2]
which is the epidemiological research done by the research
and investigation section of the Ministry of Health, Labour
and Welfare, and population-based cancer registries [3-6].
Because of the quality problems, all these available data is
far from a comprehensive, systematic investigation of
pediatric hematological diseases across the country, and the
precision of the data gained thereby is limited. Further-
more, while the progress in treatment and supportive care
for the last several decades have led to improve treatment
outcome [7-14], the absence of nationwide data not only
for the incidence but also for survival prognoses of
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pediatric hematological malignancies has made it difficult
to judge whether these advances in medical science have
contributed to the welfare of children across the country.

In order to resolve these issues, the Japanese Society of
Pediatric Hematology (JSPH), which unified with the Japan
Society of Pediatric Oncology to the Japanese Society of
Pediatric Hematology/Oncology since January, 2012,
began a registry of newly diagnosed hematological dis-
eases including non-malignant diseases partly in conjunc-
tion with the Japanese Society of Hematology in 2006, and
planned complementary research into the prognoses (out-
comes regarding dead or alive) as part of a research project
intended to grasp the total number of pediatric patients with
hematological diseases. This is the first report to describe
survival times for the nationwide patients with pediatric
hematological malignancies as well as the incidence of
them from the JSPH disease registry [15, 16].

Materials and methods

The disease registry survey was conducted on the treatment
facilities, where JSPH members are working and also pre-
registered to JSPH Disease Registry Project. Using elec-
tronic or paper-based survey forms, the participating
facilities voluntarily and continuously registered the cases
of patients below the age of 20, who were diagnosed as
hematological malignancies or benign hematological dis-
orders after 2006. As for the electronic registration, E-DMS
online by the e-Trial Co., Ltd. was used until December
2011 when it was replaced by Patient Data Organizing
System (Ptosh) developed by the National Hospital Orga-
nization Nagoya Medical Center Clinical Research Center
in collaboration with a non-profit organization, Organiza-
tion for Supporting Clinical Research (NPO-OSCR). For
fax registrations, the disease registry data were sent to the
Data Management Department of NPO-OSCR. The data-
base prepared for the registry was coordinated with the
registry for epidemiological researches/clinical trials
organized by Japanese Pediatric Leukemia/LLymphoma
Study Group (JPLSG) in an attempt to “unify the regis-
tration” so as to provide more convenience to the partici-
pating facilities and to prevent non-registration.

In order to maintain the uniformity of the diagnoses
concerning diseases to be registered, JSPH Disease Reg-
istry Committee prepared a guideline for diagnosis, to
which the participants were requested to conform [17].
Acute lymphoblastic leukemia (ALL), acute myeloid leu-
kemia (AML), rare leukemia, myelodysplastic syndromes
and/or myeloproliferative neoplasms (MDS and/or MPN),
or transient abnormal myelopoiesis associated with Down
syndrome (Down-TAM), non-Hodgkin (NHL) and Hodg-
kin lymphomas (HL), histiocytosis including Langerhans

cell histiocytosis (LLCH) and hemophagocytic lymphohis-
tiocytosis (HLH), other lymphoproliferative disorders
(LPD) and other hematological malignancies were defined
as the hematological malignancies to be registered.
Underlying diseases, pathological/immunological/cytoge-
netic characteristics, pathogenetic forms (primary/second-
ary), and other natures of diseases were also recorded.

When a patient is affected by multiple diseases, each
disease was registered as one entry. Patients’ genders,
places of residence at the initial diagnosis, dates of birth,
dates of diagnosis, etc., were registered as the basic patient
information. The outcomes of the respective diseases (alive
or death), along with the diagnosed disease information,
were recorded up to the end of May and were registered for
every calendar year.

The registered data were compiled according to diag-
noses, diagnosed years, genders, age categories (0, 1-4,
5-9, 10-14, and 15-19) and residential areas at diagnosis
(Hokkaido, Tohoku, Kanto-Koshinetsu, Tokai-Hokuriku,
Kinki, Chugoku-Shikoku, and Kyushu-Okinawa) to indi-
cate the numbers of cases, respectively. A crude incidence
rate is the number of new cases by diagnoses in a gender/
age-specified populations under age 20 as of each diag-
nosed year, expressed as the number of hematological
malignancies per 100,000 population at risk. Overall sur-
vival (OS) was defined as the length of time from the
diagnosis of hematological malignancies to death from any
cause. Patients were censored at the time of loss of follow-
up or June 15, 2011. OS was estimated using the Kaplan—
Meier method, and 2-year survival rate (2y-OS) was
measured with a 95 % confidence interval (95 % CI) using
Greenwood’s formula. All statistical analyses were carried
out using the SAS software Release 9.1 (SAS Institute Inc.,
Cary, NC, USA).

This registry project is operated upon obtaining the
approval of JSPH Clinical Research Review Committee,
followed by consents from the head of each participating
institute.

Results
Numbers of registered institutions and cases

The number of institutions registered had increased by 16
from 223 institutions of the 2007 survey to 239 by the time
of the 2011 survey (including the 4 institutions which had
withdrawn during this period), with participation from 47
prefectures throughout Japan. Registration of cases with
hematological malignancies was conducted by 187
(78.2 %) among the 239 institutions. Since retrospective
registration was allowed for cases diagnosed since 2006,
increases in the number of registered cases were found up
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to 3 years in plateau after the diagnoses. A total of 5,287
cases were registered as hematological malignancies from
2006 to 2010, and the numbers by year were 2006: 967
cases, 2007: 1,053 cases, 2008: 1,116 cases, 2009: 1,081
cases and 2010: 1,070 cases.

Incidences

The results of broadly classifying hematological malig-
nancies into the disease groups of ALL, AML, MDS and/or
MPN, NHL, HL, histiocytosis, LPD, other hematological
malignancies and Down-TAM, and tabulating by the year
of diagnosis are shown in Table 1. A total of 5,287 cases
were registered in 5 years, which was an annual incidence
of hematologic malignancies of 4.5 cases per 100,000
people. The greatest number of cases was ALL with 2,464
cases (46.6 %), followed by AML with 891 cases (16.9 %),
NHL with 628 cases (11.9 %) and histiocytosis with 624
cases (11.8 %), and this trend remained nearly constant
without any dependence on the year of diagnosis. On the
other hand, the number of cases reported as Down-TAM in
2010 had increased by about 1.7 times from the average
number of cases reported in previous years. In addition,
there were a large number of cases reported as other LPD
in 2007, about two times more than in other years. The
number of registered cases including rare leukemia (36
cases), other LPD (51 cases) and other hematological
malignancies (6 cases) were small.

Table 2 shows the number of registrations by gender,
age category, and residential areas at diagnosis for each
disease group classification.

In the tabulation of ALL by the immunophenotypic
classification, the most part was accounted for by B-pre-
cursor ALL with 2,110 cases (85.6 %), followed by T-ALL
with 1,269 cases (10.9 %) and mature B-ALL with 60
cases (2.4 %). The peak incidence of ALL occurs between
1 and 4 years of age. In addition, the incidence of ALL is
slightly higher among male children than female children,
and this difference is consistent regardless of the classifi-
cation by immunophenotype. Genetic abnormalities in
2,464 cases with ALL included 281 cases (11.4 %) with
hyperdiploid karyotype over 50 chromosomes, 247 cases
(10.0 %) with ETV6-RUNX1, 135 cases (5.5 %) with
MLL rearrangement, 113 cases (4.6 %) with E2A-PBXI1,
106 cases (4.3 %) with BCR-ABL1 gene rearrangement,
29 cases (1.2 %) with t(v;8q24) and 583 cases (23.7 %)
with other abnormalities.

In the tabulation of AML by FAB classification,
overall the greatest number was M2 with 218 cases
(24.5 %), followed by M7 with 212 cases (21.5 %), M5
with 124 cases (13.9 %) and M4 with 112 cases
(12.6 %). The distribution by age category showed the
greatest numbers of M2 for ages 5-9 and 10-14 years
(the peak of incidence during age 10-14 years), but for
ages 0 and 1-4 years the incidence of M7 was extre-
mely high (the peak of incidence during age 1-4 years),
making up almost half of the incidences. Half of
patients diagnosed with M7 AML were associated with
Down syndrome (n = 114), corresponding to 94.2 % of
121 AML patients with Down syndrome. No clear dif-
ference in the number of cases of disease was found
between the genders.

Table 1 Numbers of cases and incidence rates of hematological malignancies in Japanese children and adolescents, diagnosed between 2006

and 2010
Disease Total (%) Crude incidence Year of diagnosis
a

rate 2006 2007 2008 2000 2010
Acute lymphoblastic leukemia 2,464 (46.6) 2.1 444 506 532 504 478
Acute myeloid leukemia 891 (16.9) 0.8 167 165 184 193 182
Rare leukemia 36 (0.7) 0.0 9 7 4 10 6
Myelodysplastic syndrome and/or myeloproliferative neoplasms 296 (5.6) 0.3 61 60 46 54 75
Non-Hodgkin lymphoma 628 (11.9) 0.5 118 129 138 137 106
Hodgkin lymphoma 107 (2.0) 0.1 19 21 24 14 29
Histiocytosis 624 (11.8) 05 114 108 138 128 136
Transient abnormal myelopoiesis associated with Down 184 (3.5) 0.2 26 37 37 31 53

syndrome

Other hematological malignancies 6 (0.1) 0.0 0 0 5 1 0
Other lymphoproliferative disorders 51 (1.0) 0.0 9 20 8 9 5
Hematological malignancies, Total 5,287 (100.0) 4.5 967 1,053 1,116 1,081 1,070

# Crude incidence rate is the number of new cases by diagnoses in a gender/age-specified populations under age 20 as of each diagnosed year,
expressed as the number of hematological malignancies per 100,000 population at risk
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Table 2 Numbers of incidences of hematological malignancies according to gender, age category, and residential areas at diagnosis in Japanese children and adolescents, diagnosed between

2006 and 2010

Disease Subtype n (%) n (%) Gender, 1t (%) Age, n (%) Residential areas at diagnosis, 1 (%)
Male Female 0 1-4 5-9 10-14 15-19 Hokkaido Tohoku  Kanto- Tokai- Kinki Chugoku- Kyushu-
Koshinetsu ~ Hokuriku Shikoku Okinawa
Acute 2,464 1,411 1,053 108 1044 711 499 102 105 (4.3) 192 971 (39.4) 347 (14.1) 415 190 (7.7) 244 (9.9)
lymphoblastic (46.6) (57.3) 42.7) (4.4) (42.4) (28.9) (20.3) (4.1) (7.8) (16.8)
leukemia .
B-precursor 2,110 1,151 959 102 979 580 372 77 83 168 829 306 350 164 210
(85.6)
Mature B 60 (24) 38 22 5 9 24 20 2 4 2 22 6 11 7 8
T cell 269 206 63 1 46 101 99 22 15 19 112 34 46 18 25
(10.9)
Unknown 25(1.0) 16 9 0 10 6 8 1 3 3 8 1 8 1 1
Acute myeloid 891 451 440 109 306 168 240 68 (7.6) 32 (3.6) 69 348 (39.1) 121 (13.6) 134 78 (8.8) 109 (12.2)
leukemia (16.9) (50.6) (49.4) (12.2) (34.3) (18.9) (26.9) (1.7 (15.0)
MO 3337 15 18 4 7 10 7 5 i 4 5 4 4 0 5
Ml 73(82) 35 38 2 17 19 28 7 4 4 30 12 10 6 7
M2 218 109 109 3 37 73 88 17 11 17 78 28 35 20 29
(24.5)
M3, M3v 70(7.9) 37 33 2 12 17 29 10 1 2 22 11 17 7 10
M4, M4Eo 112 57 55 12 29 20 38 13 3 12 37 19 21 8 12
(12.6)
MSa, M5b 124 63 61 28 33 16 39 8 6 9 47 15 20 13 14
(13.9)
M6a, M6b 14(1.6) 8 6 0 7 3 3 1 0 i 6 1 2 2 2
M7 212 104 108 55 150 2 3 2 6 17 99 28 19 16 27
(23.8)
Unknown 3539 23 12 3 14 8 S 5 0 3 14 3 6 6 3
Rare Jeukemia 36 (0.7) 24 12 5(13.9) 8(222) 6(167) 14 383 2656 2(56) 14(38.9) 4 (11D 4(1L1)  5(13.9) 5(13.9)
(66.7) (33.3) (38.9)
Myelodysplastic syndrome 296 (5.6) 171 125 42 73 66 92 23(7.8) 13 (4.4) 10 127 (42.9) 40 (13.5) 43 34 (11.5) 29 (9.8)
(MDS) and/or (57.8) 42.2) (14.2) (24.7) (22.3) 3L 3.4) (14.5)
Myeloproliferative
neoplasms (MPN)
MPN 111 62 49 2 13 33 57 6 4 3 46 17 19 13 9
(37.5)
MDS/MPN 49 32 17 27 18 1 1 2 2 2 23 7 5 3 7
(16.6)
MDS 136 77 59 13 42 32 34 15 7 5 58 16 19 18 13
(45.9)
Non-Hodgkin 628 446 182 7(11) 96 237 240 48 (7.6) 26 (4.1) 45 218 (34.7) 107 (17.0) 107 56 (8.9) 69 (11.0)
lymphoma (11.9) (71.0) (29.0) (15.3) 37.7) (38.2) (7.2) (17.0)
Lymphoblastic-T- 136 100 36 0 14 48 63 11 8 14 51 21 24 8 10
precursor (21.7)
Lymphoblastic-B- 71 42 29 5 20 3] 12 3 5 4 25 14 7 9 7
precursor (11.3)
Burkitt 154 128 26 0 30 75 43 6 3 9 52 28 30 14 18
(24.5)
Diffuse large B cell 121 80 41 0 12 42 50 17 4 9 35 17 22 17 17
(19.3)
Anaplastic large cell 100 71 29 0 13 31 49 7 4 5 35 21 17 7 11
(15.9)
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Table 2 continued

Disease Subtype n (%) n (%) Gender, n (%) Age, n (%) Residential areas at diagnosis, n (%)
Male Female 0 1-4 5-9 10-14 15-19 Hokkaido Tohoku Kanto- Tokai- Kinki Chugoku- Kyushu-
Koshinetsu ~ Hokuriku Shikoku Okinawa
Other 46 (71.3) 25 21 2 7 10 23 4 4 20 6 7 1 6
Hodgkin 107 (2.0) 61 46 0(00) 6(56) 28 55 18 4(3.7) 9(84) 37 (34.6) 19 (17.8) 15 7 (6.5) 16 (15.0)
lymphoma (57.0) (43.0) (26.2) (51.4) (16.8) (14.0)
Histiocytosis 624 329 295 113 259 139 95 18(29) 2743 36 213 (34.1) 96 (15.4) 125 55 (8.8) 72 (11.5)
(11.8) (52.7) 47.3) (18.1) (41.5) (22.3) (15.2) (5.8) (20.0)
Langerhans cell 345 199 146 66 143 81 50 5 20 20 110 50 66 39 40
histiocytosis (55.3)
Hemophagocytic 265 123 142 44 108 56 44 13 6 15 97 44 55 16 32
lymphohistiocytosis (42.5)
Other 422 7 7 3 8 2 1 0 1 1 6 2 4 0 0
Transient abnormal 184 (3.5) 100 84 182 2(1.D) 0 (0.0) 0 (0.0) 0(0.0) 422 3(1.6) 86 (46.7) 23 (12.5) 28 13(7.1) 27 (14.7)
myelopoiesis (54.4) 45.7) (98.9) (15.2)
associated with
Down syndrome
Other lymphoproliferative 51 (1.0) 24 27 1(2.0) 90177 19 18 4(7.8) 0¢0.0) 478 13 (25.5) 8(15.7) 90177 11 (21.6)
disorders “47.) (52.9) (37.3) (35.3)
6 (11.8)
Other 6 (0.1) 2(333) 4667 5(833) 0(00) 1(16.7)  0(0.0) 0 (0.0 2(33.3) 0(0.0) 2(333) 1(16.7) 0 0.0) 0 (0.0 1 (16.7)
hematologic
malignancies
Hematological Total 5,287 3,019 2,268 572 1,803 1,375 1,253 284 215 (4.1) 370 2,029 (38.4) 766 (14.5) 880 449 (8.5) 578 (10.9)
malignancies (100.0) (57.1) (42.9) (10.8) (34.1) (26.0) (23.7) (5.4) (7.0) (16.6)
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Among NHL patients, those with Burkitt lymphoma
(BL, 24.5 %), precursor T-lymphoblastic lymphoma
(21.7 %), or diffuse large B cell lymphoma (DLBCL,
19.3 %), respectively, accounted for more than 20 %.
When combined with those with anaplastic large cell
lymphoma (ALCL, 15.9 %) and those with precursor
B-lymphoblastic lymphoma (11.3 %), patients with these
types of lymphoma accounted for 92.7 % of all NHL
patients. Three subtypes, i.e., nodular sclerosis (37 cases),
nodular lymphocyte predominance (29 cases), and mixed
cellularity (31 cases), accounted for 90.7 % of all HL
patients. While NHL patients were predominantly male,
accounting for 2.5 times the number of female patients, no
significant gender difference was observed for HL, with
only 1.3 times male predominance. Peak incidences of both
NHL and HL occurred at 5 years of age or older. While the
incidence of BL peaked between ages 5 and 9, the inci-
dence of precursor T-lymphoblastic lymphoma, DLBCL,
and ALCL increased with age and peaked between ages 10
and 14.

The majority of histiocytosis included L.CH, at 345
cases (55.3 %), followed by HLH at 265 cases (42.5 %).
Incidences of both HLH and LCH mainly occurred in
children aged four and under.

Among patients with MDS and/or MPN, those with
MDS made up the majority (136 cases, 45.9 %), followed
by MPN (111 cases, 37.5 %), including chronic myeloid
leukemia (CML), and MDS/MPN (49 cases, 16.6 %),
including juvenile myelomonocytic leukemia (JMML) and
chronic myelomonocytic leukemia (CMML). The break-
down of registered cases of MDS by the JSPH guideline for
diagnosis showed that refractory anemia (33 cases) account
for 22 %, refractory cytopenia with multi-lineage dysplasia
(25 cases) for 18 %, refractory anemia with excess blasts

(RAEB)-1 (22 cases) for 16 %, and RAEB2 (19 cases) for
14 %, respectively.

Down-TAM accounted for 3.5 % of all cases, with the
incidence rate being slightly higher in males (1.2 times
higher than females).

No significant regional difference was observed when
looking at age-specific incidences (data not shown).

Survival

Table 3 and Figs. 1, 2, 3, 4, 5 and 6 show disease-specific
prognostic information for 5,287 cases of patients who
were diagnosed with pediatric hematological malignancies
between 2006 and 2010. The median observation period
(range) was 1.7 (0.0-5.3) years. The point estimate
(95 %CI) of 2y-OS for all pediatric patients with hemato-
logical malignancies was 91.6 (90.7-92.5) %. No differ-
ence was observed in survival rates in terms of gender (2y-
OS 91.5 % for male, 91.9 % for female; log-rank test
p value = 0.76) or residential areas at diagnosis (2y-OS
88.0 % for Hokkaido, 93.3 % for Tohoku, 91.5 % for
Kanto-Koshinetsu, 91.7 % for Tokai-Hokuriku, 94.2 % for
Kinki, 92.2 % for Chugoku-Shikoku, and 88.1 % for
Kyushu-Okinawa; p value = 0.11). Survival rates in dif-
ferent age categories showed that children aged 5-9 years
had the best prognosis (94.4 %). This was followed by
children aged 1-4 years (93.8 %) and those aged
10-14 years (90.8 %), indicating a 2y-OS of more than
90 %. On the other hand, the 2y-OS for patients aged
15-19 years was about 10 % points lower at 80.5 %. The
2y-OS for infants less than 1 year old did not reach 90 %
either at 85.6 % (log-rank test p value < 0.0001).

The comparison of 2y-OS among different diseases indi-
cates that patients with HL (95.2 %) had the best prognosis.

Table 3 Survival for Japanese children and adolescents diagnosed with hematological malignancies

Disease n 1 year 2 year 3 year 4 year 5 year
l.yr  95%CI 2-yr 95%CI 3-yr 95%CIl 4-yr 95%Cl 5-yr 95%CI
oS oS os os 0os
Acute lymphoblastic leukemia 2,464 973 96.5-979 942 93.0-952 91.1 894-925 89.1 87.0-90.9 88.7 86.4-90.6
B-precursor 2,110 98.0 97.3-98.6 962 951-97.0 93.6 92.0-949 91.8 89.7-93.5 91.3 88.9-93.2
Mature B 60 956 834-989 847 68.8-92.9
T cell 269 924 879-952 813 743-86.5 710 61.8-783 669 563-754
Unknown 25 905 67.0-97.5 754 33.3-93.0
Acute myeloid leukemia 891 912 88.9-93.0 833 80.1-86.1 774 733-80.9 763 71.9-80.1 752 70.3-79.4
MO 33 812 60.5-91.8 71.8 49.3-85.7 599 30.0-80.3
M1 73 877 758-940 805 66.3-892 768 61.0-86.9
M2 218 935 88.8-96.3 859 79.2-90.6 789 70.2-853 764 66.4-83.8 722 58.8-81.9
M3, M3v 70 956 87.0-98.6 95.6 87.0-98.6
M4, M4Eo 112 917 84.0-958 79.0 68.1-86.6 724 59.5-81.7
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Table 3 continued

Disease n 1 year 2 year 3 year 4 year 5 year
I.yr 0 95%CI  2-yr 95%CI 3-yr 95%CI 4-yr 95%CI 5-yr 95 %CI
oS oS oS oS [N
M5a, M5b 124 8377 74.9-89.6 767 66.4-842 70.5 583-79.7 674 54.1-77.6
M6a, M6b 14 909 50.8-98.7 909 50.8-98.7
M7 212 940 89.1-96.8 84.8 77.0-90.1 80.2 70.8-86.9
Unknown 35 90.7 73.9-96.9 829 63.2-92.6 56.8 21.9-81.0
Rare leukemia 36 90.6 73.5-96.9 752 51.5-88.5 689 43.9-84.5
Myelodysplastic syndrome (MDS) 296 962 93.1-98.0 92.8 88.4-956 879 818921 853 76.6-91.0
and/or myeloproliferative neoplasms
(MPN)
MPN 111 100.0 - 98.6 90.2-99.8 96.7 87.4-99.2
MDS/MPN 49 90.6 76.5-964 86.6 69.9-944 80.0 57.2-91.4
MDS 136 950 89.2-97.7 90.0 81.9-94.6 82.6 71.3-89.7 762 57.8-87.4
Non-Hodgkin lymphoma 628 946 92.3-962 92.1 89.3-942 90.5 87.0-93.1
Lymphoblastic-T-precursor 136 964 90.6-98.6 90.4 82.2-950 869 77.0-92.7 83.1 69.8-90.9
Lymphoblastic-B-precursor 71 984 89.3-99.8 96.2 85.3-99.1
Burkitt 154 933 87.4-964 91.1 84.4-950
Diffuse large B cell 121 97.1 91.3-99.1 97.1 91.3-99.1
Anaplastic large cell 100 91.0 82.7-954 91.0 82.7-954
Other 46 90.7 76.9-964 838 66.7-92.6
Hodgkin lymphoma 107 98.7 91.2-99.8 952 85.5-984
Histiocytosis 624 949 92.8-96.5 939 914-95.6
Langerhans cell histiocytosis 345 993 97.3-99.8 98.7 95.8-99.6
Hemophagocytic 265 889 843-923 877 82.8-914
lymphohistiocytosis
Other 14 1000 - 90.0 47.3-98.5
Transient abnormal myelopoiesis 184  89.8 84.3-934 89.8 84.3-934
associated with Down syndrome
Other lymphoproliferative disorders 51 895 76.6-955 86.3 71.6-93.7
Other hematologic malignancies 6 833 27.3-975 833 273-975
Hematological malignancies, Total 5281 952 94.6-958 916 90.7-92.5 888 87.6-89.8 87.5 86.2-88.8 87.0 854-88.3
Gender
Female 2,268 953 94.2-96.1 919 90.5-93.1 893 87.4-90.8 87.6 855-89.5 86.8 84.3-88.9
Male 3,019 952 943-96.0 915 90.2-92.6 884 86.8-89.8 87.5 85.7-89.0 87.2 853-88.8
Age
0 572 88.0 84.8-90.5 85.6 82.0-88.5 83.7 79.7-87.0
1-4 1,803 96.7 95.7-97.5 93.8 924-950 914 89.5-93.0 90.9 88.8-92.6
5-9 1,375  97.1 96.0-97.9 944 927-957 91.0 88.7-929 89.5 86.7-91.7
10-14 1,253 954 93.9-96.5 . 90.8 88.6-92.5 88.1 85.5-90.3 859 82.7-88.6 84.0 79.6-87.5
15-19 284  90.6 86.2-93.7 805 74.2-855 737 65.8-80.1 69.1 56.6-78.6
Residential areas
Hokkaido 215 928 87.9-95.8 88.0 81.7-92.3 859 78.8-90.8 82.6 72.1-894
Tohoku 370  96.6 93.9-98.1 933 89.4-958 89.1 83.7-92.7 869 80.5-91.3
Kanto-Koshinetsu 2,029  95.0 93.9-96.0 915 89.9-92.8 87.8 85.6-89.6 86.5 84.0-88.6
Tokai-Hokuriku 766 955 93.6-96.8 91.7 89.1-93.7 90.8 88.0-93.0 90.3 87.3-92.7 89.0 84.7-92.2
Kinki 880 97.1 95.6-98.0 94.2 92.1-957 90.7 87.7-93.0 89.0 853-91.8 88.0 83.7-91.2
Chugoku-Shikoku 449 940 91.1-96.0 922 88.8-94.6 88.1 83.4-91.6
Kyushu-Okinawa 578 936 91.1-954 88.1 84.6-90.9 87.3 83.7-90.9 87.3 83.7-90.2 85.1 80.5-88.7

yr year, OS overall survival
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Fig. 1 Overall survival for patients diagnosed with hematological
malignancies (n = 5,287). ALL acute lymphoblastic leukemia, AML
acute myeloid leukemia, MDS and/or MPN myelodysplastic syn-
drome and/or myeloproliferative neoplasms, NHL non-Hodgkin
lymphoma, HL Hodgkin lymphoma, Down-TAM transient abnormal
myelopoiesis associated with Down syndrome
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Fig. 2 Overall survival for patients diagnosed with acute lympho-
blastic leukemia
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Fig. 3 Overall survival for patients diagnosed with acute myeloid
leukemia

This was followed by patients with ALL (94.2 %), histiocy-
tosis (93.9 %), MDS/MPN (92.4 %), and NHL (92.1 %). All
patients had a survival rate of 90 % or more within 2 years
after their disease was diagnosed. The 2y-OS for patients with
Down-TAM (89.8 %) and those with other LPD (86.3 %) was
estimated more than 85 %, while that for AML (83.3 %) and
rare leukemia (75.2 %) was inferior to it.

i ———
o %%ﬁ@wm' .
08
B o7 tymphoblastic T-precursor n=138)
= 08 - lympholdastic B-precarsor (n=71}
B i o BUTRIEE {11 54}
2 035 diffyse barge B.odl vt 2A)
ﬁ a4 e APRSHE boge coll e 00}
a8 <o O {6}
02
151
00 % ¥ v ¥
8 kS 4 3 4 5 [

Yeurs after diagnosis

Fig. 4 Overall survival for patients diagnosed with non-Hodgkin
lymphoma
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Fig. 6 Overall survival for patients diagnosed with histiocytosis

Examination based on the immunophenotypic classifi-
cation of ALL shows that patients with B-precursor ALL
had the highest 2y-OS at 96.2 %, surpassing the 2y-OS for
patients with mature B cell ALL (84.7 %) or T cell ALL
(81.3 %). .

Examination based on the FAB classification of AML
indicates that M3 had the best prognosis (2y-OS 95.6 %),
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followed by M6 (90.6 %). The 2y-OS accounted for more
than 80 % with the exception of MO (71.8 %), M5
(76.7 %), and M4 (79.0 %) whose survival rates did not
reach 80 %.

Any type of NHL, without being based on the immu-
nological classification, indicated a survival rate of more
than 90 % within 2 years after diagnosis; especially,
DLBCL (97.1 %) and precursor B-lymphoblastic lym-
phoma (96.2 %) had excellent prognoses.

Among histiocytosis, LCH indicated an extremely
excellent 2y-OS of 98.7 % while that of HLH was 87.7 %.
As for MDS and/or MPN, the 2y-OS of MPN was 98.6 %
and the best, followed by MDS (90.0 %) and MDS/MPN
(86.6 %).

Discussion

This study, which includes the largest childhood cohorts of
hematological malignancies ever reported in Japan, docu-
mented progressive improvements in survival for children
enrolled onto the disease registry project of the JSPH
between 2007 and 2011. Considering the number of par-
ticipating institutions, we estimated that our patient sample
collected through the system represented about 80 % of all
the cases of hematological malignancies in Japan. As cases
newly diagnosed during the 5 years from January 1, 2006
to December 31, 2010, it has reported 5,287 cases of
hematological malignancies from 187 institutions (diag-
nosis and treatment departments) across 47 prefectures
nationwide; this result is equivalent to the prevalence of 4.5
cases per 100,000 people per year. The number of regis-
tered cases for age 15-19 years is much lower than those at
age 14 or younger, which may be reflecting the fact that
patients over the age of 16 usually visit internists rather
than pediatrician. In order to figure out the exact trends in
disease incidence for this age category in Japan, it is nec-
essary to establish a registration system that can be
accessed both by internists and pediatricians.

Regarding the incidence by disease group, ALL
accounted for approximately half of hematological malig-
nancies and more than 80 % when combined with AML,
NHL and histiocytosis, which accounted for 10-15 %,
respectively. The incidence by disease was nearly constant
regardless of the diagnosis year. The reason why reports of
Down-TAM almost doubled in 2010 is inferred that such
increase accompanied wider recognition and utilization of
the TAM central diagnosis system realized through a
nationwide clinical observational study, JPLSG TAM-10,
started in the same year (UMIN # 000005418).

According to the immunophenotypic classification
counting of ALL, although the percentage of B-precursor
ALL in Japan is higher than that in the US (85.6 vs. 63 %),
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T-ALL and mature B-ALL showed almost the same ratios
[18]. It was also consistent with the findings in the US that
the age of peak incidence was under 4 years old and that
the incidence of ALL is slightly higher among male chil-
dren than female children [19]. It is reported that intro-
duction of risk-stratified treatment and improvement in
supportive care have helped to achieve better treatment
results of ALL with its 5y-OS higher than 85 % [14]. Our
data showed that the 2y-OS of ALL was 94.2 % while its
5y-OS also exceeded 80 %. This indicates an improvement
compared to the results of the European disease registry
data during the second half of the twentieth century
(1978-1997) [20], suggesting that prognoses as good as
those in the results of recent foreign clinical studies have
been achieved nationwide [14].

A dramatic improvement in the success rate of the
treatment of AML has been seen [21], from about 20 %
during the 1970s to 55 % in the decade following 2000.
Although there are differences in thinking among different
groups studying the treatment, such as those with regard to
chemotherapy as well as hematopoietic stem cell trans-
plantation depending on the disease risk, the overall sur-
vival in clinical trial has also been improved to have
reached 42 ~ 62 % [22-24]. In the AML99 clinical trials
(2000-2002) [25-28] conducted in Japan, good results of a
Sy-OS of over 76 % were obtained. In the present study
also, it was found that by and large a good 2y-OS of higher
than 80 % has been obtained even when M3 (2y-OS:
95.6 %), with the best prognosis, is excluded.

The incidence of HL in our data was very low compared
to that from other countries. There are reports, both
domestic and from overseas, that the incidences of both
NHL and HL are relatively high in adolescents, and that the
ratio of male to female children is high [29-33]. In our
data, NHL is uncommon in infant, and the incidence of
NHL increases throughout life. Although NHL is more
common than HL in children younger than 15 years, the
relative incidence of HL increases in children older than
10 years, making the incidence of HL in children aged
between 15 and 19, almost twice that of NHL. In addition,
higher incidence of NHL in male children was observed,
while there was a slight male predominance in the inci-
dence of HL, with an incidence ratio of 1.3 in male and
female children. For NHL, favorable outcomes of treat-
ment were obtained in more than 90 % of the cases within
2 years after diagnosis regardless of the immunological
classification, which were similar to reports of clinical
trials from inside and outside of the country [34-37].

Similarly, there was a high incidence of LCH, which
accounts for the majority of cases of histiocytosis, in the
age group of 1-4 years as in the overseas reports [38], and
the prognosis was also good [39]. About half of the patients
(42.5 %) with histiocytosis were diagnosed as having
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HLH. In accordance with the previous literature in Japan,
our data showed that the incidence of HLH cases per year
was about 50 (mean 53, range 43-64) [40]. And clinical
outcomes of HLH were considerably improved compared
to the results of HLH-94 study [41].

With regard to MDS and/or MPN, hematopoietic stem
cell transplantation, rather than conventional chemother-
apy, has come to be a good indication [42] in cases in
which there is an HLA-matched sibling donor. Children
with low-risk MDS, including refractory anemia and
refractory anemia with ring sideroblasts, were not candi-
dates for hematopoietic stem cell transplantation [43].
Although the 5y-OS of children under the age of 16 was,
respectively, 50-67 % for MDS and 51-75 % for MPN,
depending on the type of transplant, in the national survey
results (2011 report) from 1991 to 2010 by the Japan
Society for Hematopoietic Cell Transplantation (JSHCT),
our data showed that there was an improvement to 86.6 %
for MDS/MPN including JMML, for which the prognoses
are the worst [44], although the follow-up period was not
sufficient.

In treatments for hematological malignancies during
childhood and adolescents, long-term toxicity, including
treatment-related deaths and secondary neoplasms, still

Table 4 Institutions with registered cases of hematological malignancies

remain as important issues. Therefore, we will continu-
ously evaluate the trends in the national levels of diagnosis
and treatment through the JSPH disease registry project
and will show data concerning trends in disease incidence
and deaths accompanied by prognostic information. Con-
tinuous activity to monitor the level of medical care is
considered quite important in aiming at the development of
more effective treatments which maintain long-term safety.

Acknowledgments The survey on hematological malignancies
incidence in Japan was conducted with contributions from the 187
institutions, described in Appendix 1. The authors thank deeply the
members, especially Kaori Nagai, Kazumi Takeuchi, Maki Nishim-
ura, and Midori Otomo of the Data Management Department of the
NPO-OSCR, for their support in the management of the electronic or
paper-based survey system and in the cleaning and tabulation of the
registered data.

Conflict of interest The authors have no financial relationship to
declare.

Appendix

See appendix Table 4.

S. no. District Institutions

1 Hokkaido Oji General Hospital

2 Hokkaido Sapporo Medical University Hospital

3 Hokkaido Hokkaido Medical Center for Child Health and Rehabilitation
4 Hokkaido Sapporo Hokuyu Hospital

5 Hokkaido Hokkaido University Hospital

6 Hokkaido KKR Sapporo Medical Center

7 Hokkaido Asahikawa Medical University Hospital

8 Hokkaido Hospital Hakodate Hokkaido

9 Hokkaido Kaushiro city General Hospital

10 Hokkaido National Hospital Organization Hokkaido Cancer Center
11 Tohoku Hirosaki University school of Medicine and Hospital
12 Tohoku Nakadori General Hospital

13 Tohoku Akita University Hospital

14 Tohoku Iwate Medical University Hospital

15 Tohoku Iwate Prefectural Chubu Hospital

16 Tohoku Iwaki Kyoritsu Hospital

17 Tohoku Fukushima Medical University Hospital

18 Tohoku Tohoku University Hospital

19 Tohoku Miyagi Children’s Hospital

20 Tohoku Yamagata University Hospital

21 Tohoku Sendai City Hospital

22 Kanto and Koshinetsu Ibaraki Children’s Hospital

23 Kanto and Koshinetsu Tsukuba University Hospital
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Table 4 continued

S. no.

District

Institutions

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu

Yokohama City University Hospital

Saiseikai Yokohama City Nanbu Hospital
Kitasato University Hospital

Tokai University Hospital

Showa University Fujigaoka Hospital

Kanagawa Children’s Medical Center

St. Marianna University School of Medicine Hospital
Gunma Children’s Medical Center

Gunma University Hospital

Saitama Medical Center

Saitama Children’s Medical Center

National Defense Medical College Hospital
Teikyo University Chiba Medical Center
Kameda Medical Center

Nippon Medical School Chiba Hokusoh Hospital
Kokuho Asahi General Hospital

Japanese Red Cross Narita Hospital

Chiba University Hospital

Chiba Children’s Hospital

Matsudo City Hospital

National Center for Global Health and Medicine
Nihon University Itabashi Hospital

Japanese Red Cross Musashino Hospital

Teikyo University Hospital

Tokyo Medical And Dental University Hospital Faculty of Medicine

The Jikei University Daisan Hospital

Tokyo Metropolitan Children’s Medical Center
The Jikei University Hospital

Nippon medical School Hospital

Tokyo Women’s Medical University Medical Center East

The University of Tokyo Hospital
Keio University Hospital

Tokyo Metropolitan Cancer and Infectious diseases Center Komagome Hospital

Toho University Omori Medical Center

Showa University Hospital

Juntendo University Hospital

National Center for Child Health and Development
St. Luke’s International Hospital

Kyorin University Hospital

Tokyo Dental College Ichikawa General Hospital
Dokkyo Medical University Hospital

Jichi Medical University Hospital

Shinshu University Hospital

Nagano Children’s Hospital

Niigata University Medical and Dental Hospital
Niigata Cancer Center Hospital

University of Yamanashi Hospital

Japanese Red Cross Maebashi Hospital
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Table 4 continued

S. no.

District

Institutions

72
73
74
75
76
71
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Kanto and Koshinetsu
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Tokai and Hokuriku
Kinki

Kinki

Kinki

Kinki

Kinki

Kinki

Kinki

Kinki

Kinki

Kinki

Kinki

Kinki

Kinki

Kinki

Saitama Medical University International Medical Center
Yokosuka Kyosai Hospital
Kofu Municipal Hospital

Teikyo University School of medicine University Hospital, Mizonokuchi

Fujita Health University
Aichi Medical University Hospital

Komaki City Hospital

National Hospital Organization Nagoya Medical Center
Nagoya Daini Red Cross Hospital

Anjo Kosei Hospital

Japanese Red Cross Nagoya Daiichi Hospital
Nagoya University Hospital

Kasugai Municipal Hospital

Nagoya City University Hospital

Toyohashi Municipal Hospital

Ichinomiya Municipal Hospital

Okazaki City Hospital

Kanazawa University Hospital

Ishikawa Prefectural Central Hospital
Kanazawa Medical University Hospital

Gifu Municipal Hospital

Toki Municipal General Hospital

Gifu University Hospital

Hamamatsu Medical Center

Hamamatsu University School of Medicine, University Hospital
Shizuoka Children’s Hospital

Iwata City Hospital

Seirei Hamamatsu General Hospital
Toyama University Hospital

Fukui Red Cross Hospital
University of Fukui Hospital

Mie University Hospital

National Mie Hospital

Nagoya City East Medical Center
National Hospital Organization Osaka National Hospital
Osaka City University Hospital
Kinki University Hospital

Yao Municipal Hospital

Matsushita Memorial Hospital

Osaka Medical Center and Research Institute for Maternal and Child Health

Toyonaka Municipal Hospital

Osaka University Hospital

Sakai Hospital Kinki University Faculty of Medicine

Osaka Medical College Hospital

Kansai Medical University Hirakata Hospital

Kitano Hospital, The Tazuke Kofukai Medical Research Institute
Osaka City General Hospital

Osaka Red Cross Hospital
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