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Epidemiological investigation of risk factors for childhood leukemia onset and
adverse effects among survivors
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Without a greater consensus on causes of childhood leukemia, effective disease prevention will not

be possible. The results of this study informs what types of exposures during pregnancy and the
child®s early development, as well as genetic factors in Japanese, contributes to this disease.

We established the first epidemiological study of childhood hematological
cancers (Epi-HCC) focusing on the examination of risk factors during pregnancy of the mother, birth
characteristics, and early childhood exposures. We collected data from the Maternal and Child Health

Handbook and saliva samples as a source of DNA, and several analyses have been completed and are
also ongoing. Case and control comparisons show an association with maternal age, delivery methods,
birthweight, and having older siblings. Through international collaboration (16 studies across 8
countries), we found that infection during pregnancy is associated with an increased risk of
childhood leukemia. In genetic analyses, we identified 8 genetic loci associated childhood leukemia

risk which have also been reported in non-Asian populations. We found two additional risk-associated
genes which may be specific to the Japanese population.
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Leukemia is the most common cancer in children, with about 700 diagnoses each year in
Japan. Despite vast improvements in survival, progress in understanding its causes has
been slow, thus, delaying efforts for prevention. Descriptive evidence has provided
clues about the causes of childhood leukemia (Greave, Lancet, 1997, 349:344-349).
Firstly, acute lymphoblastic leukemia (ALL), comprising over 80% of childhood leukemias,
has a peak incidence at age 2 to 5 years, a time when children begin formal schooling
and increase their exposure to infectious antigens. The more rare subtypes, acute
myeloid leukemia (AML, ~15%) and the chronic subtypes do not exhibit this same pattern.
Secondly, this peculiar age distribution for childhood ALL is only observed in the
more economically developed regions of the world often associated with improved
hygienic environments. These observations were instrumental in developing the “ delayed
infection” hypothesis in 1989 (Greaves, Nat Rev Cancer, 2006, 6:193-203) which
describes that the lack of sufficient immune priming of the child in early life and
subsequent infectious exposures during pre-school age (2-5 years) may lead to an
adverse immunologic response that contribute to ALL risk. Epidemiological studies
support this hypothesis based on analysis of proxy measures of early life immune
modulation such as infectious exposures through daycare attendance (Urayama et al.,
Int J Epidem, 2010, 39:718-32), exposures from older siblings, and breastfeeding
(Urayama et al., Blood, 2012, 120:3039-47). Recent evidence also suggests that
exposures during the fetal and perinatal developmental stages may influence the
trajectory of risk conferred by postnatal exposures and point towards the potential
involvement of maternal exposures during pregnancy and circumstances at birth.

Using a well-established network of hospitals and pediatric oncologists, we assemble
a hospital-based case-control study of childhood leukemia comprising DNA sample
collection from children and their parents and a comprehensive questionnaire to examine
the role of in utero and early postnatal immune-related exposures on risk of leukemia
in the offspring. Through this new epidemiological study and integrating an
international collaboration and existing resources and genomic data, we addressed 3
primary research objectives as follows: (1) identify the pregnancy-related exposures
and birth characteristics associate with risk of childhood leukemia in the Japanese
population, (2) engage in international collaboration and pursue a robust evaluation
of the role of infections during pregnancy and risk of childhood leukemia in the
offspring, and (3) confirm previously reported genetic risk loci and identify new
genetic variants associated with the risk of childhood in the Japanese population.

In order to achieve the various research objectives, we assembled a new
epidemiological study that comprised original data and sample collection in
Japanese cases and controls, epidemiological datasets from international
collaborators, and expanded our genetic analysis capability by integrating existing
genomic data from the Japanese population.

(1) We initiated a new study called the Epidemiological Study of Hematologic
Cancers in Children (Epi-HCC), which 1is a case-control study with patients
(diagnosed aged <19 years with leukemia or lymphoma) recruited from 7 collaborating
hospitals from the Tokyo Children’ s Cancer Study (TCCSG) network (n=270), and
population controls recruited through the resident registration system and
population survey panels (n=400) matched to cases on age, sex, and municipality of
residence. Data were collected using a self-administered questionnaire that
included content recorded in the Maternal and Child Health Handbook about the



mother and child during pregnancy, delivery, and first 3 years of the child’ s
life. Saliva samples were collected with DNA extracted and stored for genomic
analyses. Regression analyses are underway that address specific research
guestions related to the involvement pregnancy complications, birth outcomes, early
exposure of the child to infections, and the risk of childhood hematological
cancers.

(2) To inform and corroborate the findings from the Epi-HCC, in parallel, we have
pursued an international collaborative analysis including 16 epidemiological
studies of childhood leukemia conducted in various parts of the world (e.g. US,
Australia, New Zealand, France, Egypt, Greece, Denmark, Brazil, and Japan)
examining the association between infection during pregnancy and risk of childhood
leukemia. The analysis includes about 12,000 cases and 25,000 controls. Most
studies used a questionnaire to obtain data related to infectious disease episodes
experienced by the mother during pregnancy; three studies assembled case-control
data through record-linkage to medical records. Multivariable logistic regression
analyses were pursued separately for each study, and risk estimates were combined
using random effects meta-analysis.

(3) Genome-wide single nucleotide polymorphism (SNP) data were assembled for 540
childhood leukemia cases through the TCCSG, including for participants enrolled in
the Epi-HCC Study. Control data comprised adult participants enrolled in two
ongoing epidemiological studies of lifestyle-related chronic diseases in Japan,
the Nagahama Study) (n=1,846) and the (HERPACC) Study (n=2,170). Genome-wide
association analysis was performed using PLINK software.

Using data collected through the newly assembled Epi-HCC Study, as well existing
resources through the Childhood Leukemia International Consortium and Tokyo Children’ s
Cancer Study Group, we report the following results.

(1) Epi-HCC Study cases and controls were
successfully recruited over a 3-4 year period in
which informed consent and data collection was
conducted by phone and postal mail (Figure 1).
Over half of the cases enrolled were diagnosed
between 2 and 6 years of age and about 55% were
male. Saliva samples were collected for over 90%
of cases and about 70% of controls. Age and
education level of mothers of childhood leukemia
cases tended to be lower than controls. \While
the full set of data will continue to be analyzed,
current activities have focused on three primary
risk factors which have been implicated in
previous literature, birthweight, delivery
method, and having older siblings.

Cases tended to be born with higher birthweights
than controls in which 14% of cases and 8% of
controls were born at 3,500 grams or higher
(P=0.04). Fewer cases (14%) were born by
caesarean section than controls (22%) which is a
pattern in contrast to previous studies which Figure 1

have reported an increased risk of childhood ALL

associated with caesarean section. Regarding the presence of older siblings, fewer
cases reported having an older sibling (45%) compared to controls (60%). This is
consistent with the hypothesis that exposure to infections through older siblings may
benefit the developing immune system and reduce the risk of leukemia.
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(2) In collaboration with the Childhood Leukemia International Consortium, study-
specific analysis examining the association between infection during pregnancy and
risk of childhood leukemia were conducted using logistic regression and adjusting
for confounding factors. Overall, the majority of studies showed a tendency for an
increased risk of childhood leukemia with odds ratios greater than 1.00 (Figure
2). Meta-analysis showed a statistically significant increased risk of childhood
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- Figure 2

(3) In a series of 540 childhood ALL cases and about 3,000 controls, genome-wide
SNP association analysis was conducted and showed minimal evidence of genomic
inflation (lambda=1.09). Two genome-wide significant regions were observed
represented by SNPs rs116977518 (OR=1.99, P=4.2x10°) located at 1g24.1
(intergenic, closest proximity to FMO8P) and rs4245595 (OR=1.84, P=3.4 x 10°%")
located at chromosome 10g21.2 (ARID5B) (Figure 3). Suggestive associations were
observed at 6p21.33 (rs2516643; OR=0.67, P=1.9 x 107") and 15q12 (rs79649658,
0CA2; OR=0.22, P=4.5 x 107"). Although not genome-wide significant, an
association with the previously identified IKZF1 region was also observed
(rs77563422, OR=1.62, P=9.5 x 107®). Our study confirmed an association with
previously reported
SNPs in ARID5B, IKZF1, AriDsE

DDC, CEBPE, PIP4K2A, ] el
GATA3, IKZF3, and the -
8g24.21 locus. Among i
these risk-associated 20 - ’

regions, a different
SNP which showed a
stronger association
was observed for IKZF1
(rs77563422, O0R=1.55),
CEBPE (rs2239630,
OR=1.19), PIP4K2A
(rs10159730, OR=1.22),
and the 8g24.21 locus
(rs5003704, OR=1.77). 0
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