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K have not previously been extensively assessed. /

WHAT’S KNOWN ON THIS SUBJECT: The etiology of childhood
cancers is largely unknown. However, excessive fetal growth has
been associated with some childhood cancers. One of the most
consistent findings is that high birth weight is associated with an
increased risk of childhood leukemia.

WHAT THIS STUDY ADDS: Examining large, population-based birth
and cancer registry data from 4 Nordic countries, high birth
weight was the most strongly associated with risk of many
childhood cancers among several measures of fetal growth that

OBJECTIVE: The etiology of childhood cancers is largely unknown. Stud-
ies have suggested that birth characteristics may be associated with
risk. Our goal was to evaluate the risk of childhood cancers in relation
to fetal growth.

METHODS: We conducted a case-control study nested within Nordic
birth registries. The study included cancer cases diagnosed in
Denmark, Finland, Norway, and Sweden among children born from
1967 to 2010 and up to 10 matched controls per case, totaling 17 698
cases and 172422 controls. 0dds ratios (ORs) and 95% confidence
intervals (95% Cls) were derived from conditional logistic regression.

RESULTS: Risks of all childhood cancers increased with increasing
birth weight (Pirenq = .001). Risks of acute lymphoid leukemia and
Wilms tumor were elevated when birth weight was >4000 g and of
central nervous system tumors when birth weight was >4500 g.
Newborns large for gestational age were at increased risk of Wilms
tumor (OR: 2.1 [95% Cl: 1.2-3.6]) and connective/soft tissue tumors
(OR: 2.1 [95% Cl: 1.1-4.4]). In contrast, the risk of acute myeloid
leukemia was increased among children born small for gestational
age (OR: 1.8 [95% Cl: 1.1=3.1]). Children diagnosed with central
nervous system tumors at <1 year of age had elevated risk with
increasing head circumference (Pyeng << .001). Those with head
circumference >39 ¢cm had the highest risk (OR: 4.7 [95% Cl: 2.5-8.71).
CONCLUSIONS: In this large, Nordic population-based study,
increased risks for several childhood tumors were associated
with measures of fetal growth, supporting the hypothesis that
tumorigenesis manifesting in childhood is initiated in utero.
Pediatrics 2013;132:€1265—e1275
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Cancer is rare before age 15 years.
However, in Europe, the incidence rate
among children has increased by 1.0%
per year since the 1970s, reaching 140
cases per 1 million children in the
1990s." In the Nordic countries (2000—
2009), the age-standardized incidence
rates were 17.1 and 15.2 per 100 000 in
boys and girls, respectively (the NORDCAN
database).

The etiology of childhood cancers is
largelyunknown.Based onthe early age
at diagnosis, it has been speculated
that some childhood tumors may have
a fetal origin. A complex interplay of
genetic, hormonal, nutritional, and en-
vironmental factors determines fetal
growth, and excessive fetal growth has
been associated with some childhood
cancers.2

One of the most consistent findings is
that high birth weight is associated
with an increased risk of childhood
leukemia, both acute lymphoid leuke-
mia (ALL)® and acute myeloid leukemia
(AML).4 High birth weight has also
been linked to development of other
childhood tumors such as cancers
of the central nervous system (CNS),
lymphomas, and Wilms tumors
(nephroblastoma), but results have
been inconclusive.>7 Earlier Nordic
population-based studies have also
shown that increased head circumfer-
ence is positively associated with
childhood brain cancer, suggesting
that brain pathologic conditions origi-
nate in fetal life.89

Studies of pregnancy risk factors are
made difficult by the low relative fre-
quency of different childhood tumors.
Pooling data from birth and cancer
registries in several countries, how-
ever, makes it possible to achieve
a sufficient study size.

In the current study, we report on
a large, joint Nordic population-based
study undertaken to evaluate the risk
of childhood cancers in relation to sev-
eral measures of fetal growth (birth
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weight, length, ponderal index, and
head circumference).

METHODS
Data Sources

The population-based Nordic medical
birth registries contain information on
all births in Denmark, Finland, Norway,
and Sweden since 1973, 1987, 1967, and
1973, respectively.’® Information from
national hospital patient registries,

when available, was used to supple-
ment birth registry data. Danish data
were included starting in 1977 because
some variables were obtained from
the Danish National Hospital Register
established in that year.’ Reporting of
cancer cases is compulsory in the
Nordic countries, and the cancer reg-
istries of Denmark, Finland, Norway,
and Sweden cover the entire pop-
ulation starting in 1943, 1952, 1953,
and 1958.12
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Every resident in the Nordic countries
is assigned a unique country-specific
personal identification number used
in all administrative and medical
registries. This identification number
makes accurate record linkage possi-
ble.

Study Design

The data were analyzed within a nested
case-control design. The study included
cancer cases diagnosed during 1977—
2010 in Denmark (n=3675), 1987—2010
in Finland (n = 2536), 1967—2009 in
Norway (n = 4513), and 1973-2009 in
Sweden (n = 6974) among children
aged <15 years. Twins, higher-order
multiples, and children with Down
syndrome were excluded. Ten controls
per case who were alive at the time of
the case’s diagnosis and not diagnosed
with cancer (other than non-melanoma
skin cancer) were sampled from the
birth registries and matched to cases
on gender, birth country, and birth
year. Atotal of 17 698 cases and 172 422
controls were included in the study.

The current study focused on all
childhood cancers as well as 8 specific
types: Wilms tumors, retinoblastoma,
CNS tumors, bone tumors, connective/
soft tissue tumors, lymphoma, ALL, and
AML. The cancer types were classified
according to International Classifi-
cation of Diseases for Oncology, 3rd
Edition,' in Denmark, Finland, and
Norway and according to International

Classification of Diseases, Revision 7/
Systematized Nomenclature of Medi-
cine codes in Sweden (before 1993,
a separate coding system for histology
was used).™

Prenatal and perinatal characteristics
of cases and controls were available
from the birth registries. The following
growth measures were examined: birth
weight (500—1999, 2000-2499, 2500—
2999, 3000-3499, 3500-3999, 4000-—
4499, and 4500—6000 g), birth length
(40—49, 50-52, 53, and 54-62 cm),
ponderal index (<24.0, 24.0-29.9, and
=30.0 kg/m°), and head circumference
(2032, 33—34, 35—36, 37—38, and 39—45
c¢m). Data on head circumference were
available starting in 1997, 2004, 1978,
and 1973 in Denmark, Finland, Norway,
and Sweden, respectively. Measures of
weight for gestational age, small for
gestational age (SGA), and large for
gestational age (LGA) were defined as
birth weight <2 and >2 standard
deviations (SDs) below and above the
mean weight for gestational age, re-
spectively.’> The reference group, ap-
propriate for gestational age, was
defined as children who were neither
SGA nor LGA, with birth weight within 2
SDs of the mean weight for gestational
age. Gestational age was measured as
completed weeks of gestation. Data for
newborns with extreme measures
were excluded from the analyses; that
is, gestational age <23 weeks and >44
weeks (0.2%), birth weight <500 g and

TABLE 1 Number of Major Childhood Cancer Cases by Country
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>6000 g or extremely small or large
for gestational age (£4 SDs away from
the published weights by gestational
age's with gestational age 23—44 com-
pleted weeks) (0.2%), length <40 c¢m
and >62 cm (0.3%), and head circum-
ference <20 cm and >45 c¢cm (0.04%).

Information on maternal BMI before
pregnancy or in early pregnancy, cat-
egorized as <<18.5, 18.510 249, 25.0 to
29.9 and =30.0 kg/m?, was available in
Denmark and Finland since 2004, and
in Sweden since 1992. Information on
maternal smoking early and/or late in
pregnancy was available in Denmark,
Finland, Norway, and Sweden since
1997, 1987/1990, 1999, and 1982/1999,
respectively; this information was cat-
egorized as a dichotomized variable.
Maternal diabetes (pre-existing di-
abetes or gestational diabetes) data,
available in Finland until 2004 only, was
also categorized as a dichotomized
variable.

Statistical Analysis

0dds ratios (ORs) and their 95%
confidence intervals (95% Cls) were
derived from conditional logistic
regression models. We denote the
increased/decreased ORs as increased/
decreased risks. With relatively rare
childhood cancers as the outcome, ORs
closely approximate relative risks, al-
though the difference between the 2
types of estimates increases at high/low
risks.'s

Childhood Cancer

Country

Denmark (1977-2010)

Finland (1987-2010)

Norway (1967—2009)

Sweden (1973-2009) Total (1967-2010)

Wilms tumor 166 160 222 413 961
Retinoblastoma 90 64 139 193 486
CNS tumor 1006 650 1363 2144 5163
Bone tumor 149 58 174 239 620
Connective/soft tissue tumor 139 1 151 311 712
Lymphoma 265 148 269 715 1397
ALL 923 685 1033 1680 4321
AML 146 88 174 260 668
Other 91 572 988 1019 3370
Total 3675 2536 4513 6974 17 698
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The base model included gestational
age, birth weight, maternal age, and
parity. For the various cancers, we
performed analyses stratified on gen-
derand age, and in some instances also
on country (matching criteria). Further
adjustments were made for maternal
BMI, smoking, and diabetes in sub-
analyses. Tests for trend were per-
formed by using continuousvariables. If
a U-shaped relation was indicated by
examination of the categorical variable
estimates, a quadratic term was in-
cluded in the regression model. The
data were analyzed by using PASW
Statistics 18 (SPSS Inc, Chicago, IL) and
Stata/IC 12.1 (Stata Corp, College Sta-
tion, TX; www.stata.com).

Ethical and Legal Considerations

Ethics approvals were obtained from
review boards in Norway and Sweden,
and from the US National Cancer In-
stitute. In Denmark, the study was ap-
proved bythe Data Protection Agency. In
Finland, the National Institute for Health
and Welfare gave permission to use its
health registry data after approval by
the data protection authority.

RESULTS

Figures 1 and 2 and Table 1 show the
number of cases with major childhood
cancers according to age and country.
The age distribution was similarin all 4
Nordic countries. Mean age at di-
agnosis was 6 years, and 53% of cases
were diagnosed in children aged <5
years. CNS tumors (29%), ALL (24%),
and lymphomas (8%) were most
common, with mean ages at diagnosis
of 6.2, 5.2, and 8.4 years, respectively.

Table 2 shows maternal and child char-
acteristics of the study population. The
cases generally had higher birth weight,
length, and head circumference and were
more often LGA at birth than the controls.

The ORs of selected childhood cancers
according to measures of fetal growth
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TABLE 2 Characteristics of the Study Population

Characteristic Controls Cases
No. % No. %
Maternal characteristics
Maternal age, y
<25 47050 273 4612 26.1
25-29 62 099 36.0 6403 36.2
30-34 43 609 25.3 4601 26.0
=35 19663 114 2082 11.8
Missing data 1 0 0 0
Parity
No previous children 73035 424 7607 43.0
1 previous child 60 862 35.3 6176 34.9
2 previous children 26 066 15.1 2629 149
=3 previous children 11477 6.7 1183 6.7
Missing data 982 06 103 06
Smoking at onset of pregnancy®
No 63973 37.1 6556 37.0
Yes 15395 8.9 1607 9.1
Missing data 93 054 54.0 9535 53.9
Smoking at end of pregnancy®
No 39 156 227 4015 227
Yes 6622 3.8 685 39
Missing data 126 644 73.5 12998 734
Maternal BMI, kg/m*
<185 886 05 81 0.5
18.5-24.9 17708 10.3 1825 10.3
25.0-29.9 6080 3.5 635 3.6
=30.0 2575 15 257 1.5
Missing data 145173 84.2 14900 84.2
Maternal diabetes®
No 168 864 979 17 315 97.8
Yes 1247 0.7 139 0.8
Missing data 2311 13 244 14
Child characteristics
Gender
Male 93770 54.4 9617 54.3
Female 78 652 45.6 8081 45.7
Missing data 0 0.0 0 0.0
Cesarean delivery
No 152 537 88.5 15472 874
Yes 19879 11.5 2226 12.6
Missing data 0 0.0 0 0.0
Assisted reproductive technology®
No 74768 434 7708 436
Yes 886 0.5 100 0.6
Missing data 96 768 56.1 9890 55.9
Gestational age, wk
23-36 8030 47 920 52
37-41 144 422 83.8 14769 83.5
42-44 15362 89 1581 89
Missing data 4608 27 428 24
Birth weight, g’
500-1999 1973 11 223 13
2000-2499 3773 22 392 22
2500-2999 18 075 10.5 1754 9.9
3000-3499 55114 32.0 5230 296
3500-3999 61011 35.4 6302 35.6
4000-4499 25974 15.1 2946 16.6
4500-6000 5879 34 762 43
Missing data 623 04 89 0.5
Birth length, cm
40-49 45 387 26.3 4381 24.8
50-52 88 730 51.5 8986 50.8
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TABLE 2 Continued

Characteristic Controls Cases
No. % No. %
53 17 327 10.0 1872 10.6
54-62 17984 104 2061 11.6
Missing data 2994 1.7 398 22
Ponderal index, kg/m3
<240 21675 12.6 2155 12.2
24.0-29.9 125108 726 12711 718
=30.0 22473 13.0 2409 13.6
Missing data 3166 1.8 423 24
Head circumference, cm®
20-32 6722 5.4 692 5.4
33-34 34 552 27.7 3318 259
35—-36 52113 417 5284 412
37-38 15291 12.2 1756 13.7
39-45 1090 09 145 11
Missing data 15134 12.1 1624 12.7
Birth weight by gestational age
SGA 5291 3.1 553 3.1
AGA 160 125 929 16 334 92.3
LGA 3323 19 454 2.6
Missing data 3683 21 357 2.0
Total 172 422 100.0 17 698 100.0

AGA, appropriate for gestational age.

a Only births since 1997, 1987, 1999, and 1982 or later included for Denmark, Finland, Norway, and Sweden, respectively.
b Only births since 1997, 1990, 1999, and 1999 or later included for Denmark, Finland, Norway, and Sweden, respectively.
¢ Only births since 2004, 2004, and 1992 or later included for Denmark, Finland, and Sweden, respectively.

d Only births until 2004 included for Finland.

¢ Only births since 1995, 1990, 1988, and 1995 or later included for Denmark, Finland, Norway, and Sweden, respectively.
f Mean birth weight among cases and controls (males/females): 3614/3483 ¢ and 3580/3456 g.
€ Only births since 1997, 2004, 1978 and 1973 or later included for Denmark, Finland, Norway, and Sweden, respectively.

are presented in Table 3. Risks of all
childhood cancers combined in-
creased with increasing birth weight
(Prreng = .001), observed in all age
groups (Fig 3). Among children di-
agnosed before 1 year of age, those
who were LGA were at increased risk
(OR: 1.6 [95% Cl: 1.1-2.2]).

Risks of several tumor types increased
with increasing birth size. Risk of
connective/soft tissue tumors in-
creased with increasing birth weight
(Prreng = .006) (Table 3). Risk of ALL was
elevated in children with birth weight
>4000 g, in all age groups (Fig 4) and
in both genders. Children with birth
weight >4500 g also were at increased
risk of CNS tumors. In addition, chil-
dren born LGA were at increased risk of
Wilms tumors (OR: 2.1 [95% Cl: 1.2—3.61)
and connective/soft tissue tumors (OR:
2.1 [95% Cl: 1.1-4.4]). In contrast, AML
risk was increased among children

PEDIATRICS Volume 132, Number 5, November 2013

born SGA (OR: 1.8 [95% Cl: 1.1-3.1]1). The
analyses including categorical varia-
bles did not indicate a U-shaped re-
lation between birth weight and
childhood cancer, except for Wilms and
bone tumors. The inclusion of a qua-
dratic term for weight in the re-
gression model in relation to these
tumors was not significant, however.

Children diagnosed between 10 and 14
years of age, with a birth weight >4000
8, were at increased risk of lymphoma
(OR: 1.6 [95% Cl: 1.2-2.01). In addition,
the risk of Wilms tumors was increased
in children with birth weight >4000 g
but only in girls. Girls with birth weight
>4500 g were at highest risk com-
pared with the reference (3000—3499
g) group (OR: 2.5 [95% CI: 1.5-4.0]).

For GNS tumors, risk increased with
increasing head circumference (Pieng
< .001) among children diagnosed in

their first year of life (Fig 5). Those
whose head circumference was >39
cm at birth were at highest risk com-
pared with the reference (35-36 cm)
group (OR: 4.7 [95% ClI: 2.5-8.7]). Ex-
cluding children born with hydroceph-
alus reduced the OR somewhat (OR: 3.6
95% Cl: 1.8-7.1]). Gender- and country-
specific analyses yielded similar results,
except for Norway, where children with
head circumference >39 cm at birth
and were diagnosed at ages 110 4 years
also were at increased risk. We observed
no trends involving head circumference
for the other cancer subtypes.

Further adjustments for maternal BMI
and smoking did not change the risk
estimates appreciably. Although the
combined cancer risk was slightly in-
creased among children born SGA after
adjustment for maternal smoking (OR:
1.4 [95% Cl: 1.1-1.8]), information on
maternal BMI and smoking was avail-
able only for a relatively small pro-
portion of the study population (16%
and 15%, respectively). In addition,
adjustment for maternal diabetes did
not change the risk estimates appre-
ciably.

DISCUSSION

This large, population-based, case-
control study nested within national
birth registries in 4 Nordic countries
found increased risks for several
childhood tumors in relation to mea-
sures of fetal growth. Risk of connective/
soft tissue tumors increased with in-
creasing birth weight, and children with
high birth weight were at increased risk
for ALL, Wilms tumors (girls only), and
CNS tumors. Children who were LGA at
birth were at increased risk for Wilms
tumors and connective/soft tissue tu-
mors. In contrast, AML risk was elevated
among children born SGA. In addition, an
increased risk for CNS tumors with in-
creasing head circumference was ob-
served in children who were aged <1
year at diagnosis.
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This study took advantage of

the opportunity to cross-link
population-based medical birth

registries with cancer registries

in Denmark, Finland, Norway,
and Sweden, to explore associ-

ationsbetween measures of fetal
growth and relatively rare child-

hood cancers.

Among the strengths of our study
were the large number of child-
hood cancer cases and linkage of

comprehensive and compulsory
databases with reliable informa-

tion that was collected in a similar
manner in each country.'217-20 We
were also able to adjust for im-
portant maternal and gestational

confounders in the analyses, in-
cluding gestational age, maternal
age and parity, and, in some cases,

maternal BMI, smoking, and di-
abetes. Migration in and out of

the 4 countries during the study
period was rather low. Because
the study was population-based
selection bias was unlikely. Infor-
mation on fetal growth measures

and other variables in the birth
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registries was registered before
and independent of the diagnostic
data from the cancer registries,

thus eliminating recall and re-
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details on other possibly impor-

tant confounders, which were un-

available in the health registries

used. Examples include infor-
mation on infectious disease his-

tory and different environmental
exposures. Another concern is

that multiple comparisons in our
study could have created an in-
creased risk of false-positive re-
sults. We performed subgroup
analyses for 8 different cancer
types in addition to all childhood

cancer, for both gendersand 4 age
groups. However, we only have
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and parity.

results for groups that have previously
been found in other studies.

In recent years, there has been in-
creasing interestinidentifying etiologic
factors that may act during the peri-
natal period. In several studies, an-
thropometric measurements at birth
have been linked to different childhood
cancers. Leukemia is 1 of the most
common malignancies affecting chil-
dren, and growing evidence suggests
that childhood leukemia originates in
utero. A 2009 meta-analysis of 31
studies on birth weight and childhood
leukemia showed an association be-
tween high birth weight and increased
risk for leukemia overall and for ALL4
For AML, a U-shaped association was
suggested, with the risk elevated at

PEDIATRICS Volume 132, Number 5, November 2013

both high and low extremes of hirth
weight. A recent British study using
data from the National Registry of
Childhood Tumors demonstrated that
the increased risks for ALL with in-
creasing birth weight were most pro-
nounced in cases with high hyperdiploid
karyotypes and those positive for
t(1;,19) translocation.2 We found an
increased risk with high birth weight
for ALL (>4000 g) and AML (>4500 g),
although the latter association was not
statistically significant. Although no
increased risk was observed between
AML and birth weight <3000 g, an in-
creased risk was seen among SGA
newborns.

Epidemiologic studies examining the
association between birth weight and

lymphomas have had conflicting re-
sults.2223 A 2012 meta-analysis, en-
compassing 2 cohort and 7 case-control
studies, found no statistically sig-
nificant associations between birth
weight and lymphoma in general or
between birth weight and major
lymphoma categories (non-Hodgkin’s
and Hodgkin’s lymphoma).® A national
Swedish cohort study, overlapping
partly with the Swedish data in our
study, reported that increased fetal
growth was associated with non-Hodgkin's
lymphoma in early life, independent
of gestational age and other perinatal
factors.2* We found an increased risk
of all lymphomas combined with high
birth weight (>4000 g) in children di-
agnosed at age 10 to 14 years.
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High birth weight (>4000 g) generally
has been associated with a 30% to 50%
increased risk of Wilms tumors,7.2526
although Nordic data (1985—2006) have
shown that the effects of high birth
weight and being LGA were restricted
to girls.” Our findings confirmed the
earlier observations of an increased
risk of Wilms tumors at high birth
weights (>50% increased risk at birth
weights >4000 ¢ compared with the
reference group [3000-3499 g1) and
being LGA (>100% increased risk) in
girls. In data from the Children’s On-
cology Group in the United States, the
association between high birth weight
(>4000 g) and Wilms tumors was
strongest among patients with peril-
obar nephrogenic rests, present in
17% of the girls and 9% of the boys.%
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The results for birth weight and CNS
tumors in children have been con-
flicting. An Australian study on fetal
growth and risk of childhood CNS
tumors found little evidence of an
overall association, using relatively
novel measures of fetal growth (pro-
portion of optimal birth weight, length,
and weight for length).23 In contrast,
a Nordic study (using part of the cur-
rent data set) found a U-shaped re-
lation between birth weight and CNS
tumors. LGA and SGA were also asso-
ciated with risk; however, the latter
was of borderline statistical signifi-
cance only.? In our expanded data set,
we found an increased risk for CNS
tumors in children with birth weight
>4500 g but no associations with SGA
or LGA.

There is little evidence in any study,
including ours, for an association be-
tween childhood cancers and very low
birth weight, except for the strong as-
sociation with hepatoblastoma.?” How-
ever, we observed an increased risk for
AML among children born SGA.

The biological mechanisms underlying
the association between high birth
weight and childhood cancer are not
well established but are likelytoinclude
growth factors. In particular, insulin-
like growth factor (IGF)-I and IGF-II
have been linked to increased birth
weight and length,282° and IGF-l has
been shown to inhibit apoptosis and
enhance tumor growth.30 There has
also been speculation that a high birth
weight, with larger organs, implies
a larger number of stem cells, thus
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increasing the total number of repli-
cating cells at risk for malignant
transformation.43'  Overgrowth con-
ditions are believed to be associated
with increased childhood cancer risk
as well. The risk of tumors in indi-
viduals with Beckwith-Wiedemann
syndrome, 1 of the most common over-
growth conditions, is ~5% to 10%, with
Wilms tumor being the most frequent
cancer.32

IGF2 (which encodes IGF-Il) is an
imprinted gene, normally expressed
only from the paternal allele. When
loss of imprinting occurs, biallelic
expression may lead to enhanced fetal
growth. /GF2 resides on the short arm
of chromosome 11, which also har-
bors the Wilms tumor genes 1 and 2.
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Genetic and epigenetic alterations on
the short arm of chromosome 11 are
often involved in sporadic Wilms
tumors.33

The observed association between
growth factors and increased total
number of stem cells, and thus repli-
cating cells, has also been implicated
in the etiology of leukemia.4 Further-
more, overexpression of /GF2has been
associated with AML and ALL, sug-
gesting a role of epigenetic alterations
in the association between high birth
weight and risk of leukemia. In our
study, lack of a significant association
between high birth weight and AML
might be due to the low number of
incident cases compared with ALL
cases. The point estimates, however,

were similar for the association be-
tween high birth weight and both ALL
and AML.

Previous Nordic studies, which partly
overlap with ours, have shown that
head circumference is positively as-
sociated with childhood CNS tumors .89
The strongest effect was observed in
the youngest age groups and per-
sisted up to age 10 years. We also
found an increasing risk with in-
creasing head circumference but only
among children diagnosed within the
first year of life (except for the Nor-
wegian data). This increased risk
within the first year was observed in
both boys and girls, as well as in all 4
Nordic countries. The early age de-
pendency of the association favors the
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presence of an undiagnosed brain tumor
at birth. However, congenital brain tumors
are rare, accounting for only 0.5% to 4% of
all pediatric brain tumors 343
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