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Foreword
Childhood cancers account for less than 2% of the total cancer burden in developed countries.
Despite significant progress in therapy, they are of public health importance as they have long-term
health implications for survivors.
The pattern of tumours occurring in childhood is distinct from that seen in adults, indicating
different etiological factors. The International Agency for Research on Cancer has brought together data
on childhood neoplasms from cancer registries, using protocols comparable to those employed in the
collection of data previously published in the International Incidence of Childhood Cancer. This database
has revealed intriguing patterns of geographical variation in incidence, which point to causation by
different etiological factors.
Some of the hypotheses regarding the origin of specific types of childhood cancer have been tested
in analytical epidemiological studies. Examples of such hypotheses are the possibility that a fraction of
leukaemia and brain tumours may be caused by residential exposure to electric and magnetic fields, and
that leukaemia may be a rare consequence of infections common in children.
This new publication summarizes the descriptive epidemiology and critically appraises analytical
epidemiology data on childhood cancer. There are still many gaps in our understanding of the factors
operative in the evolution of tumours in children, and we hope that this book will foster future
multicentre and interdisciplinary collaborative research which will lead in the long term to primary
prevention.

P. Klei nies
Director
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Chapter 1

Introduction
Cancer is the second commonest cause of
death, after accidents, in childhood iп
developed countries (Higginson et al., 1992;
Green et al., 1997). Thus, in these countries,
childhood cancer is an important public health
problem because not only can the disease prove
fatal, but the associated impact on the child, its
parents and their immediate circle of relatives
and friends can be severe. In developing
countries, improvements in the control of
communicable diseases and the occurrence of
premature delivery may lead to the emergence
of cancer in children as a greater public health
problem than in the past. In Bombay in the
period 1982-84, cancer was the ninth cause of
death in boys under the age of 15, and the tenth
in girls (Krishnamurthy & Dhar, 1991). The
available data horn Africa, although limited,
suggest that cancer ranks higher among the
causes of death in children than in India (Parkin
et al., 1988b). This may be attributable to
Burkitt's lymphoma and the emergence of HIVrelated cancers.
The rationale for considering childhood
cancers separately from cancers in adults is that
there are differences in the sites of occurrence,
in the histological appearance and in their
clinical behaviour (Marsden, 1988; Malkin,
1997). Many of the tumours have histological
features which resemble fetal tissues at various
stages of development and are therefore
designated `embryonal'. Childhood cancers tend
to have short latent periods, often grow rapidly
and are aggressively invasive, but are generally
more responsive to chemotherapy than the
tumours typically occurring iп adults (Malkin,
1997). The definition of childhood in most
studies of childhood cancer is up to and
including the age of 14 years, but this is an
arbitrary cut-off.
Thus, although specific types of childhood
cancer are uncommon, collectively they
represent an important public health problem.
Much research has been undertaken to
document their patterns of occurrence and to
investigate possible risk factors. This book
reviews the epidemiology of specific types of

childhood cancer to the time of writing, mid1997. The literature has been identified by
searches of MEDLINE from 1980 to early 1997,
supplemented by searches of the Sciепeе
Citation index and EMBASE, and a less
systematic review of available journals and
books. In appraising individual comparative
studies, consideration was given to the extent to
which associations might be due to bias,
confounding or chance. In considering the
totality of the epidemiological evidence
regarding a particular association, issues such as
the consistency of association between studies,
the strength of the association, whether the risk
of the disease under consideration increased
with the amount of exposure, and the specificity
of association were considered (Hill, 1965).

Design issues
Investigations on the epidemiology of
childhood cancer may be classified as
descriptive or analytical. Descriptive studies
describe the frequency (usually incidence) of
childhood cancer in a particular community,
and how this varies by geographical area, year of
birth оr diagnosis, or with personal characteristics such as ethnic group or socioeconomic
status. Many such studies have been based on
data from paediatric cancer registries. Such data
are valuable because (1) referral and treatment of
childhood cancers tend to differ from adult
cancers, so different sources of ascertainment
have to be considered; (2) many registries
relating to cancer at all ages have a population
base too small to allow the recruitment of
sufficient cases for the calculation of reliable
incidence rates (Parkin et a2., 1988а) and (3)
paediatric cancers need to be recorded by
morphology rather than topography as is
usually done for adult cancers.
The detailed methods of operating childhood
cancer registries vary (Parkin et al., 1988а), but
in general the sources of ascertainment include
hospital records, information from pathology
laboratories and lists of deaths certified with a
cause of cancer. Another potential source is
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notification from clinical trials groups. The data
from the various sources are collated in order to
avoid duplicate registration. In some areas,
including parts of Canada, Costa Rica, Cuba,
Finland, Israel, Kuwait, New South Wales
(Australia), New Zealand, Norway, Poland,
Puerto Rica and Sweden, notification of newly
diagnosed cancer cases is compulsory (Parkin et
aL, 1988а). Some registries are based on, passive
notification of cases, whereas in others cancer
registry staff engage in active case-finding by
direct contact with medical personnel who see
cases of childhood cancer, such as paediatric
oncologists, surgeons, radiotherapists and
haematologists. The information recorded
typically includes site, histopathological
diagnosis and morphology of the cancer, the
basis of the diagnosis, and basic sociodemographic information. In comparing data
between registries, consideration of the basis of
diagnosis, usually the proportion of cases that
are histologically verified, is an important
indication of the data quality and comparability
(Parkin et a1., 1988a).
Many registries are population-based, that is,
they seek to document newly incident cases in a
population defined by residence in a specified
geographical area during a specified period of
time. In some of the older literature and in some
less developed countries, only data from
hospital series were available. Unless the study
includes the hospitals to which most cases were
referred and referral rates to these for diagnosis
is high, such data may be biased. In some
developing countries, many children with
cancer never receive hospital treatment, for
reasons such as the difficulties of travel to a
specialized centre and the use of traditional
medicine (Alaoui, 1988; Juriaid & Babalola,
1988; Parkin & sanghvi, 1991). These factors
lead to the incidence of cancer being underestimated in some countries. Further difficulties
can include poor quality of diagnostic
information and lack of stability of the
population, leading to difficulty in defining the
denominator for calculation of incidence rates
(Parkin & sanghvi, 1991).
There has been considerable interest in smallarea variations in incidence of childhood
cancers, as a result of concern about excess
incidence of haematopoietic malignancies in
children and young persons izz the vicinity of
nuclear installations. This has stimulated a great
deal of methodological development in the
investigation 0f clusters and clustering (see
Chapter 2). The observations of variation in
incidence between small areas, variation by

socioeconomic status and variation by age led to
the suggestion that childhood leukaemia may be
an uncommon response to an unusual pattern
of exposure to infection (Kinlen, 1988; see
below). Other etiological hypotheses have been
developed based on observations in
experimental animals, for example regarding
the role of N-nitroso compounds in the etiology
of tumours of the central nervous system, or
following a wide-ranging case—control study, for
example regarding the role of diethylstilbestrol
in the etiology of clear-cell adenocarcinoma of
the vagina and endometrium irr teenage girls
and young women.
.
Analytical epidemiological study designs
applied to childhood cancer include
case—control and cohort studies. Many of these
have been exploratory in nature, with a wide
range of exposures investigated for which there
was no a priori hypothesis. For example, many of
the investigations of the associations with
parental occupations have been of this type.
A framework for considering the etiology of
childhood cancer is presented in Figure 1. Like
any disease, childhood cancer may be caused by
genetic and environmental factors. Allelic
variation at a number of different genetic loci
may affect susceptibility to develop childhood
cancer. At some genetic loci, there are rare alleles
with autosomal recessive or autosomal
dominant modes of inheritance and with high
penetrance. For example, about 90% of
individuals who have one copy of the Rb gene,
which has an autosomal dominant mode of
inheritance, manifest the disease. Allelic
variation at other loci may give rise to much
smaller, or even rio detectable, variation in
phenotype. For example, genetic variation
underlying differences in the metabolism of
xenobiotics has been reported to be associated
with variation in the risk of various types of
cancer (Nebert, 1997). Environmental exposures
can cause germ cell mutations. The mechanisms
differ for mutations arising in maternal and
paternal gametes. New oocytes are not formed
after birth, so a germ-cell mutation arising in the
index child may be attributable to exposures of
the maternal grandmother of the index child
before the birth of the mother of the index child.
The oocytes are almost mature in the ovaries of
a newborn female, but become fully mature
much later, one by one, when during each
menstrual cycle one egg, or occasionally more
than one, is made available for fertilization. In
early studies on radiation-induced mutations in
female mice and Drosophila, virtually no
mutations were found in immature resting
2
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Figure 1.1. Schematic framework for considering etiology of childhood cancer
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From the epidemiological perspective, the
study of childhood cancer provides a unique
opportunity to investigate the impact of
environmental factors- The periods of exposure
to environmental factors are shorter than would
be the case in studies of adult chronic disease. As
parents are usually aged between 25 and 40
years at the time of the diagnosis of the disease
in their child, even the assessment of exposure
of parents to potential risk factors in the preconceptional period involves consideration of a
shorter period of potential exposure than those
considered in, for example, lung cancer or
prostate cancer studies. In addition, specific
exposures are likely to have occurred during a
period when their intensity was fairly constant.
By definition, intrauterine and postnatal
exposures are short, the latter generally less than
seven years in view of the age distribution of
cases.

oocytes, but moie recent studies indicate that
significant levels of genetic damage can result
from the irradiation of immature oocytes in the
mouse (Chandley, 1991). Point mutations and
structural rearrangements appear to occur de
novo much more commonly in males than
females, and arise in the paternal gametes during
the preconceptional period. Apart from
mutagenic effects, an environmental agent can
cause childhood cancer in at least four ways.
First, the index child may be exposed to an agent
in his or her own lifetime, either directly, or
indirectly as a result of breast-feeding. Second,
the mother of the index child may be exposed to
an agent during pregnancy, thus affecting the
embryo or fetus directly. This may be placentally
mediated, such as when a metabolite of a drug
administered to the mother crosses the placenta,
or non-placentally mediated, such as exposure to
diagnostic radiation. Third, a soon-to-bepregnant woman may be exposed to an agent
that has slow metabolic clearance, with the
result that the woman retains an embryotoxic
dose into the early periods of pregnancy
(Janerich & Polednak, 1983). Finally, another
potential mechanism is that exposures may
cause permanent damage to the woman's
reproductive system before the index pregnancy,
compromising the development of the fetus
during pregnancy without necessarily producing
clinical disease in the mother (janerich &
Polednak, 1983)

Case—control studies
Iп view of the rarity of childhood cancer, the
majority of studies of etiology have been of a
case—control design. Same have been based on
deaths due to childhood cancer. A theoretical
limitation of this approach is that factors
affecting survival could erroneously be
interpreted as being of etiological importance.
However, many of these studies were initiated
before recent improvements iii therapy for
many types of childhood cancer. For example,
3
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the large Oxford 5urveу of Childhood Cancers,
which is an ongoing case—control study of all
childhood cancer deaths in Great Britain, was
initiated in 1953 (5tewart et a1., 1958). A recent
report of this study included more than 15 000
cases (Sorahan & Roberts, 1993).
A malor issue in the design and interpretation
of studies of this type is potential selection bias,
depending on the nature of the control group
selected and factors determining the
participation of both cases and controls. In
many studies, controls were selected from birth
records. Sometimes, controls were matched with
cases on date of birth, sex and area of residence
at the time of birth. In certain settings, close
matching on the area of residence effectively
introduces matching by socioeconomic status,
and thereby may introduce overmatching for
exposures which relate to socioeconomic status.
In a few studies, controls were selected from
registers of the general population. This was
done in Denmark (Olsen et al., 1991, 1993b), the
Netherlands (van Steеnsel-Мо11 et al., 1985а,b,
1986, 1992), Spain (Iпfante-Юvаrd et al., 1991)
and Utah (USA) (Stevens et al., 1990). In the
studies in the Netherlands and Spain, the
registries of the population were census-based.
When censuses are infrequent, there is potential
for divergence between the source populations
of cases aid controls. For example, InfanteRivard et aL (1991) identified cases between
January 1983 and June 1985, and controls from
the 1981 census. They observed that annual
updates of addresses were available, if they had
been reported by the family to the census
bureau. The comparability of cases and controls
in this study, therefore, depended on the
mobility of cases and controls, and the level of
reporting of change of address. Of 139
unsuccessful attempts to contact controls, 59
(42%) were due to the potential control having
moved. This may have compromised the
validity of the study.
Multistage sampling of controls has been used
in one study in a developing country, in China
(Shu et al., 1988, 1995b), and in studies in North
America (Graham et al., 1966; Howe et al., 1989)
and Australia (McCredie et al., 1994а,b).
Although in principle this is a useful method of
identifying population-based controls, poor
participation rates may compromise the results
of the study. For example, McCredie et al.
(1994b) found that control women who agreed
to be interviewed were of higher social class
than those who refused to be interviewed.
Therefore, the inverse association between brain
tumours and high social class found in this

study may have been an artefact of the
participation bias of control mothers.
Iп a number of studies of childhood cancer,
mainly in North America, controls have been
selected by methods which do not depend on a
listing of the population. The most commonly
used of these methods is random-digit dialling,
which generates sets of telephone numbers
without relying on a directory that would поt
have new or unpublished numbers (Wacholder
et al., 1992a). Ward et al. (1984) described the
application of this method to selection of
control children in a study of neuroblastoma in
the Greater Delaware Valley, the results of which
were reported by Kramer etal. (1987). Telephone
numbers to identify potentially eligible controls
were selected by substituting the last two digits
of the case family's telephone number with
randomly selected digits. Successive random
telephone numbers were called until a family
was identified, and agreed to participate, in
which there was a child matching the case by
year of birth plus or minus three years and by
ethnic group. To select controls for 101 cases,
3245 telephone numbers were dialled. Among
1908 residential households contacted, 25.5%
refused to give information about household
characteristics. Of households with known characteristics, 14.9% had a child eligible for study.
Among 181 households invited to participate,
101 agreed. A general problem of studies that
depend upon random-digit dialling is that it is
difficult to define the source populations of
controls and to determine the full extent of nonresponse. The reasons for which a telephone
number is unobtainable or not answered are
unknown. Robison and Daigle (1984), in a
feasibility study of selecting controls matched
with cases of Ewing's sarcoma by random-digit
dialling, reported that 25% of the numbers
generated were not working, and no contact was
made in approximately 3.5% of the working
telephone numbers. In most applications of this
method, if several eligible controls live in a
household, only one is selected. Greenberg
(1990) noted that this selection process is biased
against children from families with multiple
eligible controls, that is against families with
more children whose births were closely spaced,
which in the United States is related to lower
social class. Thus, controls may be of higher
socioeconomic status relative to the source
population than cases. Stratificatian in numbers
of eligible residents in a household could
alleviate this problem (Wacholder et al., 1992x).
Other methods used that do not depend on a
roster of the population include selection of

4
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remaining one depended on the inclusion of
missing information. Thus, the data suggest that
relative under-reporting by mothers of cases is
more likely.
There appear to be no studies in which
possible recall bias in relation to childhood
cancer has been investigated directly. In a
case—control study of sudden infant death
syndrome (SIDS) in which information obtained
by interview was compared with information in
medical records, case—control differences in
recall accuracy did not appear to create spurious
associations with SIDS or to bias most
associations away from the null value (Drews et
aI., 1990). As noted by Swan et al. (1992),
comparison of prospectively and retrospectively
collected information assesses reporting
consistency, but not reporting accuracy, unless
the mother initially reports exposure without
error. There has been substantial publicity about
some exposures which may be related to
childhood cancer, such as residential proximity
to nuclear installations or to power lines. The
possible impact of recall bias in relation to such
exposures has not been investigated.
Investigation of the theoretical impact of recall
bias shows that even severe recall bias would
cause only weak to moderate spurious
associations, and that case—control differences
in accuracy of exposure assessment may not
always bias associations away from the null
(Drews & Greenland, 1990; Swan et al., 1992;
Drews et il., 1993; Khoury et al., 1994).
The possibility of recall bias has led some
investigators to select controls comprising
subjects with childhood cancer other than the
specific one under investigation. A potential
difficulty of this approach is that some of the
types of cancer in the control series may also be
related to the exposure of interest. For example,
Buckley et al. (1994) observed that this might
account for the association between acute
lymphocytic leukaemia (ALL) and exposure of
the index child to solvents and insecticides
being substantially weaker in comparison with
cancer controls than in comparison with
healthy controls selected by random-digit
dialling.
Swan et al. (1992) demonstrated that an
association between the exposure of interest and
a specific disease which affects only a small
proportion of the controls can produce a
substantial bias towards a null association. In
addition, using the example of congenital
anomalies, Drews et al. (1993) showed that even
when recall bias exists, the observed association
can be closer to the true association when a

neighbourhood controls and friends of the
cases. With neighbourhood controls, it is
difficult to determine the extent of nonresponse, as the number of eligible subjects in
houses for which there is no response is
unknown, and there may be over-matching on
the exposures under study because of sirnilarities
between cases and controls from the same
neighbourhood in exposures related to residence
(Wacholder et al., 1992а). While selection of
friend controls would be expected to match
cases on socioeconomic status and/or area of
residence, it has been observed that the families
of more sociable children tend to be nominated
as friends, and that controls have more
`mainstream' social characteristics than their
matched cases (5iemiatycki, 1989).
Studies with hospital controls may be
classified into two groups. The first group
comprises those in which the controls have
been selected by hospital at birth. Iп this type of
study, it is relatively easy to ensure the
comparability of the source population of cases
and controls. The second group comprises
studies in which children of the same age range
as cases who are admitted to hospital are
selected as controls. However, children admitted
to hospital may not be a representative sample
of the population at risk of developing
childhood cancer.
It is possible that illness in a child may act as
a stimulus for parents to report exposures which
would not be reported by the parents of healthy
children. Therefore, recall bias is a potential
problem in case—control studies in which data
on exposures are collected retrospectively by
interview or questionnaire. Few studies have
attempted to demonstrate or to quantify such
bias directly. Much of the discussion about its
possible impact has been in relation to
reproductive outcome (Raphael, 1987; Drews et
a1., 1993), which may be due in part to the
frequent use of maternal recall to obtain
exposure information in case—control studies of
reproductive outcome and concern that a
mother's recall or reporting of events may be
stimulated by her child's disorder. In a review of
four studies in which estimates of odds ratios
based on retrospective and on non-retrospective
methods could be compared, a total of 56
exposures was considered (Little, 1992). If recall
bias acted to produce over-reporting of all
exposures by mothers of cases compared with
mothers of controls, the retrospectively derived
odds ratios would be higher than the others in
relative terms; 21 were higher, 33 were lower
and one was identical, and the difference for the
5
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population-based control series is used than
when the control group comprises births with
anomalies other than those under investigation.
Some investigators have sought to strengthen
their study design by including two control
groups. If consistent associations are found in
the comparison of the case group with each of
the control groups, the evidence that the
association is not explained by non-causal
factors is strong. However, if the associations are
inconsistent, interpretation becomes very
difficult.
A further consideration is matching. In many
studies, matching is made on gender,
geographical area of residence and age. One
reason for matching is to control for
unmeasured confounders (Wacholder et a1.,
1992b). For example, there are small differences
in the incidence of a number of types of
childhood cancer between boys and girls.
Matching by area of residence can aid in the
control of potential environmental or
socioeconomic differences that are difficult to
measure; this was done in many studies of
childhood cancer. Matching on year of birth
would achieve time comparability between cases
and controls for exposures that vary over time.
For example, this might be expected to lead to
comparability in policies of obstetric and
perinatal care. The incidence of specific types of
childhood cancer varies by age. The cumulative
probability of exposure to any specific agent
during the lifetime of the index child increases
with age. In studies of adult-onset disease, there
may be matching on age in categories such as
five-year age groups, or adjustment for age in
the analysis using similar categories. Use of such
broad categories in studies of childhood cancer
might not exclude the possibility of residual
confounding by age. In many studies of
childhood cancer, matching on age within
intervals such as one, two or three years was
used. Exposures of the case between birth and
diagnosis, or a specified interval before
diagnosis, are compared with exposures of the
matched control between birth and a reference
date. This is chosen so that the length of the
period between birth and the reference date is
the same as the period of exposure under
consideration for the cases. A potential problem
is that interviews with control patients may
only be sought once an interview has been
completed with parents of the matched case. At
interview, the control may be somewhat older
than the matched case. It is possible that
ambiguities may arise in determining the time
of exposure of controls, and that exposures

between the reference date and the date of
interview may not be excluded. This would act
to reduce the relative risks observed, and would
bias a true relative risk of unity to being less
than unity.

Cohort studies
In the available cohort studies of childhood
cancer, seven main types of exposure have been
considered: (1) birth characteristics, as rесоrdёд
in birth records or in specialized registers of
persons with the characteristic; (2) exposures
related to area of residence, such as fall-out from
explosions of nuclear weapons; (3) diagnostic
and therapeutic exposure to ionizing radiation;
(4) bacillus Calmette-Guérin (BCG) vaccination;
(5) intrauterine infection; (6) parental
occupational exposure; and (7) material
smoking during pregnancy. The main
advantages of the cohort design include the
avoidance of recall bias and ease of
interpretation of the temporal sequence of
events. Some of the studies of birth characteristics based on routine records were large. For
example, the largest such study included more
than 10 000 cases (Hirayama, 1979). In many
other studies, the numbers of cases, even for all
sites combined, were small, and therefore their
statistical power was low. Many of the studies
were based on deaths due to childhood cancer,
rather than on newly incident cases, so the
possible effect of exposure on survival has to be
given consideration. Another problem inherent
in the cohort approach includes the possibility
of incomplete follow-up, which may be related
to exposure. An additional possible difficulty is
that the information on potential confounding
variables may be limited or absent, although this
limitation may not be very important in
practice, in view of the lack of established risk
factors for most specific types of childhood
cancer.

Structure of the review
The next chapter deals with the descriptive
epidemiology of childhood cancer. Subsequent
chapters are organized by exposure. First,
genetic factors and familial aggregation are
discussed. Ionizing radiation, electromagnetic
fields, chemicals and dusts, and iпféсtions
which may be of etiological importance during
the preconceptional period, during the
pregnancy leading to the birth of the index
child or during his or her lifetime are then
considered. Tobacco smoking, use of marijuana
and other `recreational' drugs, and alcohol

0
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was not independent of environmental or
genetic background, for example, the
association with high socioeconomic status
observed in some studies. In studies in animals,
B-cell precursor turnover in bone marrow was
found to be highest in the young. Immune
stimulation of mature lymphoid tissue in young
mice resulted in a positive feedback proliferation
signal to B-cell precursors in the marrow; no
equivalent feedback response was detectable in
the thymus. This distribution might account for
the predominance of the B-cell precursor type,
and the distinctive age distribution. Greaves
(1988) observed that the steep rise in the
incidence rate of ALL occurs shortly after the
phase of increasing immunological challenge, as
indicated by the increase in serum
immunoglobulin levels during the first few years
of life, and the fail in incidence after the age of
three years occurs concomitantly with the
apparent achievement of steady-state conditions
in the antibody response. Greaves postulated a
promotional effect of the immune response by
means of an indirect upregulation of the
number of target precursor B-cells at risk. The
pattern of exposure to infectious organisms
socioeconomic
to
according
varies
circumstances, genetic background, vaccination
exposure and length 0f breast-feeding, and these
factors would be expected to influence the
timing and magnitude of positive feedback
stimulation to the lymphoid precursor
population in the bone marrow. Greaves
suggested that the low incidence of common
ALL in the indigenous population of Africa and
the Arab population of the Gaza strip might in
part reflect early exposure to infectious
organisms and a protective effect of prolonged
breast-feeding. The association with higher
socioeconomic status and first-born children in
developed countries might reflect the effects of
delayed exposure to infectious organisms.
Greaves suggested that the hypothesis could be
tested by case–control studies in which detailed
information was collected about the timing of
infectious episodes in infancy, vaccination
expelience and duration of breast-feeding.

consumption by the mother or father before
conception, during the index pregnancy or
during the lifetime of the index child are
discussed. Maternal age and previous
reproductive history, other aspects of the
previous medical history of the mother, the
medical history of the father and of other
members of the family are then considered.
Finally, perinatal and constitutional characteristics of the index child and exposures
experienced during his or her lifetime are
considered. In each of these sections, the
evidence for specific types of childhood cancer is
reviewed in the order of the classification of
childhood cancer proposed by Birch and
Marsden (1987).

Hypotheses involving consideration
of different possible routes of
exposure
5оте hypotheses about the causes of specific
types of childhood cancer are complex иn that
their testing involves consideration of different
possible routes of exposure. These hypotheses
are now outlined. Evidence relating to the
various routes of exposure will be collated in the
conclusion.

Childhood acute lyniphocytic
leukaemia of the B-cell precursor type:
Greaves' hypothesis
Greaves (1988) suggested that ALL of the
common B-cell precursor type, which accounts
for the peak in the incidence of childhood
leukaemia at the age of two to five years, arises
from two spontaneous mutations. The first was
postulated to arise in utero at a stage of rapid
multiplication of the B-cell precursors in the
liver and bone marrow when mutation is
especially likely to occur—clones of cells capable
of responding to a vast range of different
antigens are produced. Greaves suggested that
1yrnphoid precursor cells are at a much higher
risk of spontaneous mutation than other
somatic cells, particularly at early stages of
development and infancy, because of developmentally regulated intrinsic mutagenic activity
together with a high proliferation rate. The
second mutation was postulated to occur after
birth during the proliferation of antibodyproducing cells following the infant's first
contact with a diverse range of antigens. This
was postulated to account for the predominance
of B-cell precursor ALL over T cell precursor ALL,
the differences in the age distribution of these
types, and some evidence that childhood ALL

ChiIdhood leu kaemia: the Kin len
hypothesis
Kinlen (1988) suggested that the excess of
leukaemia in young people in the vicinity of two
nuclear reprocessing plants in the United
Kingdom might be due to the introduction of a
new viral exposure into areas that were
predominantly rural and sparsely populated
until large numbers of people came to work at
7
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the installations. These situations would have
brought together susceptible and infected
individuals, the basis for the transmission of all
micro-organisms (Kinlen, 1995). If childhood
leukaemia were a rare end result of one or more
of the infections, it could have increased in
incidence as a result of this population mixing.
Elevated proportions of susceptible individuals
would have been expected in the areas into
which there was population inflow, because of
low population density and isolation. A lower
level of natural immunization to the infection
may occur either because of fewer opportunities
for person-to-person transmission than in more
densely populated areas, or because the
population is not large enough to maintain the
infection at endemic levels. Age at exposure may
be greater in rural than in urban areas, and this
can influence the form of certain viral infections
such as maternal rubella and paralytic
poliomyelitis (Kinlеn, 1988). Iп addition, Kinlen
(1995) postulated that elevated proportions of
susceptible individuals might be expected in the
incoming professional workers and their
children, whose high standards of hygiene and
relative social isolation would have tended to
limit their exposure to infections. Infected
individuals could have been present in any of
the groups, and the mixing of infected and
susceptible individuals, given a sufficient
population density, would have caused
outbreaks of the relevant infection or infections.
The dose of an infectious agent may also be
important, as is the case in several animal
models of viral oncogenesis, and large-scale
mixing of susceptible with infected people or
carriers will increase the likelihood of a
susceptible individual being heavily exposed
(Kinlen, 1988). Kinlen and colleagues have
tested this hypothesis by ecological studies of
the associations between leukaemia mortality
and incidence rates aid measures of population
mixing (see Chapter 7).

Childhood acute lymphocytic
leukaemia: maternal fertility problems
In a study in the Netherlands, Van 5teеnselМо11 et aL (1985а) observed positive associations
between childhood ALL and a history of two or
more miscarriages, hospitalization or
consultation for subfertility, prolonged interval
between discontinuation of oral contraceptives
and the index conception, threatened abortion
during the index pregnancy and related use of
`drugs to maintain the pregnancy'. The authors
considered that these associations indicated a
similar causal pathway, and suggested that

maternal subfertility might be of etiological
importance.

Childhood brain tumours:
N-nitroso compounds
Experimental studies have shown that
transplacental exposure to a variety of N-nitroso
compounds in the rat produces neurogenic
tumours in the offspring (Magee et al., 1976).
Neurogenic tumours have been produced in the
mouse and Syrian golden hamster by
administration of N-ethyl-N-nitrosourea to the
dam. The effects appear to be independent of
route of exposure (subcutaneous, intraperitoneal, intravenous, oral or inhalation) but
studies in the rat indicate that the time of
administration is a critical factor, with
carcinogenic effects being produced only after
administration from day 10 to deivery. Tomatis
et al. (1981) observed neurogenic tumours in
the offspring of male BDVI rats treated with Nethyl-N-Titrosurea before mating. A dose of
N-ethyl-N-nitrosourea as low as 2 mg/kg bw
(0.8% of the LD50 in the rat) can induce a
carcinogenic response in the nervous system. A
dose corresponding to 2% of the LD50 produced
a 63% incidence of malignant neurogenic
tumours (Ivankovic & Druckrey, 1968). In
contrast, a dose of 160 mg/kg bw was necessary
to induce a 50% incidence of neurogenic
tumours in adult rats, showing that the
sensitivity of the nervous system during
prenatal development is about 50 times higher
than in adults (Druckrey et aI., 1969).
Humans are exposed not only to preformed
N-nitroso compounds but also to a wide range
of nitrogen-containing compounds and
nitrosating agents which can react in vivo to
form N-nitroso compounds (Bartsch, 1991).
Exposure to preformed N-nitroso compounds is
most intense and widespread in tobacco users
(Hecht & Hoffmann, 1991). Beer has been
shown to be the main source of the nitrosamine
burden in food (Preussmann, 1984). in
Germany in 1979, this source was estimated to
account for 64% of the total N-nitrosodimethylamine intake, with meat and meat products
accounting for 10% and cheese for 1%. Volatile
nitrosamines and N-riitrosodiethanolamirie
have been found in a wide range of
concentrations in many commercially available
cosmetics. Drugs and pesticides may contain
nitrosatable amino groups and can therefore be
contaminated with nitrosamines. Rubber
materials and manufactured rubber products
have been shown to contain volatile
nitrosamines; particularly relevant is the
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observation of these in rubber nipples for
babies' bottles, which can migrate into milk or
saliva (Havery & Fazio, 1983). Several
occupational settings have been found to
involve high exposure to exogenous Nпitrosamines, notably the rubber, leather, metal
and chemical industries, mining, pesticides and
detergent production, and fish factories
(Preussmafl, 1984). N-Nitroso compounds can
be formed in vivo by reaction of nitrosatable
amines or amides and nitrosating agents,
especially nitrite, particularly in the stomach.
Nitrite is a normal constituent of human saliva,
where its concentration depends largely on the
nitrate intake in food and water. Dietary nitrate
is absorbed from the gut, and rapidly
distributed in the body via the bloodstream
before being re-excreted into the oral cavity by
the salivary glands. The oral microflora then
reduce nitrate to nitrite. The most important
source of human nitrate intake is vegetables,
followed by drinking water. N-Nitrosamines are
also found in the infected urinary bladder, and
parasitic infection by liver fluke leads to a
marked increase in endogenous N-nitrosamine
synthesis (Bartsch, 1991). In theory,
endogenous N-nitrosamine synthesis can occur
when bacterial enzymes catalyse nitrosation
from nitrate or nitrite, but as yet direct
experimental support is lacking in relation to
other sites. Vitamins C and F., phenolic
compounds, and complex mixtures such as fruit
and vegetable juices or other plant extracts can
inhibit nitrosation (Bartsch et a1., 1988).

Wilms' tumour: overgrowth and fetal
growth factors
Olshan (1986) suggested that the association
between high birthweight, overgrowth
associated with Beckwith—Wiedemann syndrome
and hemihypertrophy, and Wilms' tumour may

be due to the action of loci additional to the
(then) putative Wilms' tumour locus on the
short arm of chromosome 11. These genes
include insulin, insulin-like growth factor I1
(IGF-II) and the Harvey ras proto-oncogene. Both
insulin and IGF-II are postulated to have a
promoting influence on fetal growth, and fetal
hyperinsuLinaemia has been associated with the
Ils han
Beckwith—Wiedemann syndrome.
postulated that the occurrence of high
congenital
certain
and
birthweight
malformations in a subgroup of patients with
Wilms' tumour might be due to abnormal
interaction of the IGF-II and possibly the insulin
gene with the Wilms' tumour gene.

Germ-cell tumours: intrauterine
exposure to maternal hormones
On the basis of studies of testicular and germcell ovarian cancer conducted among adult
populations, and animal studies, Shu et al.
(1995a) suggested that maternal exogenous
hormone use and higher endogenous hormone
levels may be associated with an elevated risk
of malignant germ-cell tumours in childhood.
Use of diethylstilbestrol and of oral
contraceptives has been associated with
malignant testicular and ovarian tumours in
the offspring, although the available data are
not entirely consistent. Prenatal exogenous
hormone exposure has also been associated
with cryptorchidism, a well established risk
factor for testicular cancer. Estrogen
administration induces testicular cancer in
certain strains of mice. Testicular and ovarian
germ-cell cancer have been associated with
conditions related to a high endogenous
estrogen level, such as high pregnancy weight,
rapid achievement of regular menstruation
after menarche, bleeding and spotting during
pregnancy and hyperemesis.

r

Chapter 2

Descriptive epidemiology
Linda Sharp, Seomidh Cotton and Julian Little
laboratory-based data were included. The data
from the study are supplemented by reports
pertaining to more recent periods. Data on
variations in the incidence of childhood tumours
by ethnic group are derived mainly from the
same sources. For discussion of temporal trends,
more diverse sources have been considered,
including somé older reports in which the data
were classified according to versions of the
International CIassification of Diseases.
Compared with the situation for adult cancer,
socioeconomic status has been relatively little
studied in relation to cancer in children and
most of the investigations have dealt exclusively
with leukaemia. In epidemiological studies,
gradients in the occurrence of a disease by
socioeconomic status can be a starting point for
the formulation of more specific hypotheses. The
explanations proposed for associations between
social class and disease have been grouped under
the headings of artefact (i.e., confounding or
bias), health selection (i.e., the process whereby
health experience affects recruitment for jobs or
other aspects of lifestyle) and social causation
(i.e., involving direct environmental effects on
disease risk) (Macirityre, 1986). In the context of
childhood cancer, the possibility of artefact
needs to be given particular attention as so many
of the studies have been of the case—control
design, in which selection bias and/or
participation bias can be major concerns (see
Chapter 1). Most of the descriptive studies have
categorized childhood cases according to a
community level indicator of socioeconomic
status, usually derived from data recorded in
population censuses, rather than according to
the socioeconomic status of the individual. In
such ecological analyses, the possibility of
artefact is also present. In this chapter, the
descriptive studies on childhood cancer and
socioeconomic status are presented. Findings
from case—control studies are considered in some
situations where evidence from other sources is
limited.
There has been considerable interest in
clustering of childhood tumours, particularly
leukaemia. Many of the relatively recent

Iп children, as for adults, description and
inspection of the epidemiological features of
particular neoplasms may provide insights into
their etiology. However, the classical descriptive
analyses, namely comparisons of the disease
burden between countries, between sub-groups
of the population and over time, have proved
more difficult to undertake for childhood than
for adult cancers. Only in the past two decades
have high-quality data been available from many
parts of the world for such analyses. Most earlier
descriptive epidemiological studies of childhood
cancer were unsatisfactory, for three reasons that
have been detailed by Parkin et al. (1988а,b).
First, in many studies, the data were derived from
registers of all types of cancer, the population
bases of which were too small to permit
calculation of reliable incidence rates. 5есопд,
both incidence and mortality data were often
classified by anatomical site, as is appropriate for
adult cancers. Childhood tuтnours are
histologically diverse and some occur at several
sites. Therefore, classification by histology is
more appropriate. Third, many early studies were
based on mortality data. These data are subject to
the usual problems inherent in studies based on
death certificates (Boyle, 1989). In addition,
progress in treatment has led to marked
improvements in survival for several types of
childhood cancer (see, for example, 5ti11еr &
Bunch, 1990; Adami et al., 1992; Ajiki et al.,
1995; de Nu11y Brown et al., 1995; Miller et al.,
1995). This development further complicates the
comparison of mortality rates between
geographical areas and over time.
In this chapter, the discussion of geographical
variation i incidence is based largely on data
from an international study of childhood cancer
which included newly incident cases diagnosed
around the period 1970-79, registered according
to an agreed protocol and coded to a histologybased scheme developed specifically for
childhood tumours (Birch & Marsden, 1987;
Parkin et al., 1988а). Most of the data in this
study were population-based, but in areas where
such data were not available, mainly parts of
Africa and Asia, hospital or histopathology
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investigations have been responses to concern
about particular sources of putative hazard (e.g.,
nuclear installations). These studies are discussed
in Chapters 4 and 6. Sma11-area variations in the
incidence or mortality of leukaemia in relation to
measures of population mixing have also been
undertaken. These are reviewed in Chapter 7. In
this chapter, studies which have considered the
more general distribution of childhood cancers in
space and time, оr space only, are reviewed. The
studies on clustering of leukaemia and lymphoma
are included in the sections on these
malignancies. The studies of clustering of other
tumours are discussed together at the end of the
chapter.
This chapter is organized according to the
diagnostic groups in the histology-based
classification scheme for childhood tumours (i.e.,
Birch and Marsden groups I—ХР). Within each
section, there are sub-sections on geographical
patterns, age-specific incidence and sex ratio,
ethnic origin, time trends and, where appropriate,
socioeconomic status and spatial and temporal
clustering. Other distinctive features of the
epidemiology of particular tumours are described.
The category of all childhood cancer combined
has not been considered as this does not have any
clear biological significance. Unless otherwise
stated, all rates pertain to the 0-14 age range, are
standardized to the world standard population
(Segi, 19 0) and are per million population.
Where the term infants has been used, it refers to
children under the age of one year.

Variations between cancer registries in the level
of ascertainment of leukaemias have been shown
(Stiller et al., 199 lb), and it has been suggested
that the degree of incomplete ascertainment may
vary with leukaemia cell type (Bowie, 1987;
Alexander et al., 1989а) and over time (Bowie,
1987). There is evidence of miscoding and misclassification of cell types (Mills, 1979; Bowie,
1987; Glass et al., 1987; Gray et al., 1987; Bessho,
1989; Draper et al., 1993) and a tendency towards
more precise classification over time (Stiller et al.,
1991b). In addition, in some instances, leukaemia
and non-Hodgkin lymphoma represent different
stages in the natural history of the same disease.
In particular, ALL and lymphoblastic lymphoma
share clinical and biological similarities and the
distinction between them is arbitrary (Weinstein
& Tarbell, 1997). These issues cause difficulties in
the interpretation of geographical and temporal
variations in the incidence of leukaemia overall
and leukaemia sub-types (and non-Hodgkin
lymphoma).

Geographical patterns
During the decade 1970-79, there was an
approximately five-fold variation in the
incidence, in the 0-14-year age group, of all types
of leukaemia combined (Parkin et al., 1988а). For
boys and girls together, the highest annual worldstandardized rate, 59.4 per million population,
was observed in Costa Rica and the lowest, 11.8
per million, in Ibadan, Nigeria. Hispanics in Los
Angeles, USA, were the only other population to
have a rate in excess of 50 per million. In other
central and south American populations, the rates
varied substantially. In the white populations of
North America and in Australia, Japan, Singapore,
the Philippines, north and western Europe and
non-Maoris in New Zealand, the incidence was
between 35 and 49 per million. In central aid
eastern Europe it was slightly lower. Among the
black populations in the USA, rates were 25-28 per
million. An incidence of less than 25 per million
was reported in India and Africa and among
Kuwaiti natives in Kuwait. However, it is likely
that the low rates in India and Africa are
underestimates because of diagnostic imprecision
which may occur in very young infants in these
areas (Parkin et al., 1989). In particular, there may
be a lack of resources to perform histopathoiogical
examinations on tissue specimens.

Group I: Leukaemias
Leukaemias are the most common cancers
affecting children, accounting for, in most
populations, between 25% and 35% of
malignancies (Parkin et al., 1988а). Acute
lymphocytic leukaemia (now usually referred to as
acute lymphoblastic leukaemia, or ALL) comprises
the overwhelming majority of cases, with acute
non-lymphocytic leukaemia (ANLL) the oniy
other sub-type occurring regularly in children. In
the mainly white populations of North America,
Oceama and Europe, 75-80% of leukaemias are of
the acute lymphocytic type and 15-17% acute
non-lymphocytic. A higher proportion of cases is
accounted for by ANLL in Asia and the black
populations of North America. Chronic myeloid
leukaemia is universally infrequent, seldom
exceeding 4% of cases. The remaining leukaemias
fall into the categories of other lymphoid
leukaemia and other and unspecified leukaemia.

Acute lymphocytic Ieukaemia (ALL)
As for all leukaemias combined, Costa Ricans
and Los Angeles Hispanics had the highest

Y Diagnostic group XI includes a diverse collection of other and unspecified neoplasms and is not described further in this chapter.
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Angeles Hispanics. Rates of between 4 and 8 per
million were seen in Europe.
In the USA, the incidence rates of ANLL in
blacks were only slightly lower than among
whites, reflecting the fact that, for black
children, a greater proportion of leukaemias are
of the acute non-lymphocytic type than for
white children. For example, in the black
population covered by the Surveillance,
Epidemiology and End Results (SЕЕR) Program,
ANLL accounted for 22.0% of leukaemia cases
and the incidence was 5.2 per million; for whites,
the figures were 14.8% and 6.1 per million. This
higher frequency of ANLL relative to ALL among
blacks compared to whites in the same
community has also been observed in South
Africa (MacDougall et al., 1986).

incidences of ALL; the rates were 44.7 and 39.4
per million per annum (Parkin et al., 1988а). The
lowest values, of less than 12 per million, were
seen among Kuwaiti natives, and in parts of
Brazil and india. The most distinctive features of
the geographical distribution of this malignancy
are (i) a tendency towards higher rates in white
North American and European populations than
in Asian populations and (ii) substantial
variations in incidence across continents and
within populations. In Europe there was a twofold difference in incidence; rates ranged from
17.8 in Slovenia to 36.4 in the former West
Germany. The variation was even more extreme
among Hispanic populations in the Americas. In
Kuwait, the incidence among non-Kuwaitis
(mainly immigrants of Arab and Asian origin)
was 2.8 times higher than that for Kuwaiti
nationals (Table 2.1). A similar pattern was
evident among non-Maoris and Maoris in New
Zealand. The rates for whites in the USA were
approximately twice those for blacks. In Israel,
the incidence was almost 50% higher for Jews
than non-Jews.
The main immuriophenotypic variants of ALL
are B-cell precursor ALL of the common (cALL)
and null (nALL) types and T-cell precursor ALL.
While these are found in diverse geographical
locations and ethnic groups (Greaves et aL,
1985), their relative proportions are riot
constant. In white populations in the UK, South
Africa and Chile, between 65 and 74% of ALLS
are cALL, 11-19% FALL and 2-22% T-cell ALL
(Greaves et aI., 1993). Common ALL is proportionately less frequent in black African children
than in "Caucasian" children and T-се11 ALL correspondingly more frequent (Greaves et al.,
1993). A deficit in pre-B-cell ALL is also evident
among Mapuche Indians in Chile, South
Africans 0f mixed origin (Greaves et al., 1993)
and in Kenya, Egypt and the Gaza strip (Ross et
а1., 1994a). The distribution of sub-types in
Taiwan (Greaves et al., 1993) and Hokkaido,
Japan (Nishi et al., 1996) differs little from that
for white populations.

Chronic myeloid leukaemia (CML)
Almost everywhere, too few cases of CML are
diagnosed to permit the calculation of reliable
incidence rates. Of those series of at least 10
cases, the highest rate, 3.0 per million, occurred
in Shanghai, China (Parkin et al., 1988а). In most
other populations, the incidence varied between
0.5 arid 1.5 per million.

Age-specific incidence and sex ratio
In most countries the rate of total leukaemia is
highest among children under five years and
decreases with age (Linet & Devesa, 1991). The
decline with age is more rapid under 10 years
than after. Almost universally, the age-adjusted
incidence for boys exceeds that for girls (Parkin et
а1., 1988а), with the sex ratio typically between
1.1:1 and 1.4:1.

Acute lyniphocytic leukaemia
In developed countries, the age—incidence
curve of ALL is characterized by a peak between
the ages of 1 and 4 years. In Britain, during
1971-84, the annual incidence in infants was
just below 20 per million, rising to
approximately 40 per million in one-year-olds
and peaking at over 70 per million in children
aged 2 and 3 years. The incidence declined
progressively to around 20 per million at age 10
and remained stable thereafter (Draper et aL,

Acute oп-Lутрhocyiiс leukaemia (ANLL)
During the decade 1970-79, rates of ANLL
above 10 per million population were observed
in New Zealand Maoris (12.7 per million), in
Shanghai, China (12.1) and in Kanagawa (11.0)
and Miyagi (10.9) iп Japan (Parkin et al., 1988а).
Elsewhere in Asia, with the exception of Hong
Kong and India, the incidence was at least 5 per
million. Iп the Americas, the rates varied from
3.2 per million in the Canadian Atlantic
Provinces to 8.8 in Costa Rica and 9.0 among Los

1994).
Although this age distribution is well
recognized, and attributable to cALL (Greaves et
aL, 1993), it has not always been present. Iп
England and Wales, the peak was first apparent
in mortality data from the 1920s (Hewitt, 1955)
and among white Americans featured
prominently in mortality data for the 1940s
(Gilliam & Walter, 1958). In populations with
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moderate incidence of ALL in the 1970s, a peak
emerged later; in the 1960s in US blacks (Ross et
а1., 1994а) and Japan (Court-Brown & Doll,
1961; Ajiki et at., 1994); and in the 1.970ѕ in Jews
and non-Jews in Israel (Katz & Steinitz, 1988). In
Kuwait, where leukaemia incidence was low
during the 1970s, the age peak has recently been
observed (Stiller & Parkin, 1996). In African
series, where Ieukaemia incidence is also low, the
peak is not present (Parkin et aL, 1988b; Ross et

Chronic myeloid lerikaeniia
Iп the largest reported population-based series
of CML, consisting of 96 malignancies
diagnosed in the period 1978-87 in Britain, the
incidence rates were 1.2 per million for infants
and 1.6, 0.5 and 0.7 for children aged 1--4, 59
and 10-14 years respectively (Stiller et al., 1995).
The male to female sex ratio was 1.6:1, which is
consistent with other series (Parkin et al.,
19 88a).

а1., 1994а).

Ethnic origin

The age peak is not equally marked in all
communities where it is present. During the 1970x,
the peak was less pronounced for US blacks than
for US whites (Parkin et al., 1988b; Pratt et а1.,
1988). Similarly, in Japan during 1971-88 (Ajiki et
а1., 1994), in Hong Kong in 1984-90 (Alexander et
al., 1997), in parts of central and south America in
1970-79 (Parkin et aI., 1988b) and among children
resident in the former socialist countries of central
and eastern Europe during 1980-91 (Parkin et al.,
1996), the peak appears to have been less
prominent than in western European populations.
In areas of England and Wales which are isolated
from urban centres, an exaggerated age peak has
been found (Alexander et al., 1990d). This was
particularly evident in areas which were also of
high socioeconomic status. It appeared to coincide
with a relatively low incidence of ALL in older
children (Alexander et at., 1991b). A similar pattern
has been observed in the mral north of Scotland
(Black et al., 1994). These observations led to the
hypothesis that elevated risk of ALL is determined
by community characteristics, including isolation,
high socioeconomic status and population mixing
(Kinlen, 1995) which are related to immunological
isolation in infancy arid which influence patterns
of exposure to common infectious agents before
the appearance of the leukaemia (Greaves &
Alexander, 1993). This is discussed more fuIly in
Chapter 7.
The ratio of the ALL incidence rates for boys and
girls is usually between 1.1:1 and 1.3:1 (Parkin et

Data on the incidence of ALL and ANLL in
series included in Parkin et al. (1988а) for which
figures by ethnic group were presented are
shown in Table 2.1.

Acute lymphocytic leukaemia
Iп the USA, there is substantial variation in the
frequency of ALL by ethnic group. The highest
rates of ALL are evident among Hispanic
populations, Filipinos and Chinese (Linet &
Devesa, 1991). Rates among whites are moderate
to high by international standards, while those
for American Indians are somewhat lower. The
lowest rates are among blacks, with the ALL
incidence rate ratio approximately 0.5 for blacks
compared to whites (Table 2.1).
Two studies in Britain have investigated risk of
childhood cancer in relation to ethnicity (Stiller
et al., 1991a; Powell et al., 1994). The largest of
these included 7638 children with cancer
recorded on the register of the United Kingdom
Children's Cancer Study and diagnosed from
1981 (Stiller et al., 1991а). Although not
population-based, the series was estimated to
represent two thirds of all cases of childhood
cancer. Because of the lack of a population base
and since population data were not available by
ethnic group, relative frequencies of specific
tumours among white children and those of
"West Indian" and "Asian" (mainly Indian
subcontinent) origin were calculated. The results
of the study are summarized in Table 2.2. There
were no significant differences iп the risk of
ALL, adjusted for treatment centre, age and sex,
for West Indian (relative risk (RR) = 0.90) or
Asian (RR = 1.08) children, compared with
Caucasian (white) children. In addition, the
relative frequencies of ALL in the 0-4, 5-9 and
10-14 year age groups were similar for white and
Asian children. Moreover, there was no evidence
of variation in ALL phenotype with ethnic
group, although this information was not
available for almost 30% of cases. The second
study was conducted in the West Midlands area
of England during 1982--91 (Powell et at., 1994).

аl., 1988b).

Acute non-tymphocytic leukaemia
Iп most series, the sex ratio for ANLL is close to
unity (Parkin et al., 1988x). In both sexes, the rates
are highest in infants (Linet & Devesa, 1991) and
are fairly uniform in older children (Ajiki et at.,
1994). In Britain, during 1978-87, the incidence
in infants was 9.5 per million, in the 1-4 age
group 7.3, in the 5-9 age group 4.1 and 5.6 in
children aged 10-14 years (Stiller et al., 1995).
Comparable rates have been reported elsewhere in
Europe and North America (Mosso et aI., 1992;
Kaatsch et al., 1995; Gurney et al., 1996a).
13
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the incident cases (or deaths) was used as a
measure of socioeconomic status. A diverse range
of measures has been considered, including
household income, years of schooling, and
composite scores based on variables such as car
ownership, social class of the head of household,
unemployment and household density. In
virtually all of these studies, a weak positive
association between leukaemia and high
socioeconomic status was observed. Exceptions
are the studies of Knox (1964) and Birch et al.
(1981) in the north of England and those of
Muirhead (1995) and 5wensen et al. (1997) in the
USA. In the two English studies, social class was
assessed on the basis of paternal occupation rather
than on a community-based measure. Alexander
et a1. (1990d) have noted that the observation that
associations are more apparent with area than
with personal socioeconomic status supports an
interpretation involving community behaviour
(see Chapter 7). In the two studies in the UsA,
multiple area-level measures of socioeconomic
status were analysed and a modest positive
association was found for at least one of these.
The association between leukaemia and
lymphoma and measures of the socioeconomic
level of the area of residence were considered in
the context of an investigation of geographical
variation in incidence in Britain (Draper et al.,
1991а; Rodrigues et al., 1991). In these analyses,
leukaemias of unspecified type were analysed
together with lyrnphoсуtic leukaemia on the
basis that the proportion of unspecified
leukaemia had changed over time and the great
majority of these were likely to be ALL.
Draper et al. (199 la) examined variation hi rates
between administrative county districts in Britain
during the periods 1969-73, 1974-78 and
1979-83 and related these to measures of
socioeconomic status derived from 1971 and
1981 census data. The variables used in the
analysis were: (i) the proportion of economically
active men who were working; (ii) the proportion
of households with a car; and (iii) the proportion
of households that were owner-occupied.
Incidence rates for all leukaemias combined
increased with increasing socioeconomic status.
The effect was apparent in the 0-4- arid 5-9-year
age groups, but not in the 10-14-year age group.
The effect was due to lymphocytic and
unspecified leukaemias, and was not large. When
districts were grouped according to quintiles of
the socioeconomic score, for the 0-4 age group
the rate for the highest quintile was 7--24%
greater than the rate for the lowest quintile. For
the 5-9 age group, the difference was 12-40%. No
effect was found for ANLL. 5ignifiicant differences

The ratio of the standardized incidence rates of
ALL among white and Asian children did not
differ significantly from unity (RR = 1.14; 95%
confidence interval (CI) 0.79-1.65). One-fifth of
the Asian cases and 9% of the white children in
this study were also included in the analysis by
Stiller et al. (1991а). In addition, neither of the
analyses adjusted for socioeconomic status,
which differs markedly among ethnic groups and
which is associated with risk of ALL (see below).
The lack of variation in the incidence of ALL
between ethnic groups in Britain, in conjunction
with the markedly lower frequency of the
tumour in the Indian subcontinent and Africa
than in Britain (Parkin et a1., 1988а; Linet &
Devesa, 1991) would suggest that the incidence
of ALL depends primarily on environmental
factors associated with geographical location. It
has been suggested that the more notable ethnic
variations apparent in the USA particularly
between black and white children, could reflect a
smaller difference in socioeconomic status
between ethnic groups in the UK than in the
ц5А (Stiller et a1., 1991а). However, it should be
noted that the British study included only 17
cases of ALL in West Indian children.

Acute non-1ymphocytic lеиkaетia
ANLL is consistently less common among
black populations of the USA than among whites
(Parkin et al., 1988a). The ratio of incidence rates
is approximately 0.85 (Table 2.1). In Britain, the
malignancy was only half as common among
West Indian children as among white children
(Table 2.2), but this analysis was based on only
two cases in West Indians and 410 in whites
(Stiller et al., 199 Ia). The risk of ANLL among
Asian children in the UK does not appear to
differ from that for white children (Stiller et al.,
1991а; Powell et al., 1994).

Swгvеcoпоrmс status
Socioeconomic factors have been proposed as
an explanation for the age peak in childhood
leukaemia (Ramot & MacGrath, 1982).
Specifically, it was postulated that, with
economic
development,
impoverished
communities move from a situation where
leukaemia is rare, and those ALLs which do occur
are of Т-cell type, through an intermediate stage
where CALL begins to appear, to a state of high
socioeconomic status associated with high
incidence of ALL and cALL.
The descriptive studies which have investigated
the relationship between leukaemia and
socioeconomic status are summarized in Table 2.3.
In the majority of these, the area of residence of
15

Epidemiology o f Childhood Саrcсer

Г

f
y

гa
j-+

T

~
J

,1I
^

d

t

-

J
ѕ
L

д

v

-

'
ч

t

_

C

O
moo
ц

P

F X31

i

j

_

-1

'__

^ r

-i

t

IL]

и

._ ]

-o

-

,Э

;

Г,

C

G
5

t
.G

p

.~

_

F

7

a
_
-

G

~ ^j

-

,

t,.5

p

г ~ ..

E,

_
t
t.
K

-

п.

t't
't

'

J

л

~~

ÿ

=

~,

{

~

1~

пr -

'fi

`F,9

v

г~

Ft

}'

t

Ç ~ ÿ

~

О LPP

t_- C' -

t.. -'

j

-T
û

7

u

FC
r;

~•.

л

~

~+

Û

tu
p

п
t
д

y
-~

Г:

! -

-

F

'P

t
9

F

.
L

U
'

-=

u

-

тΡ

Y

7

t

t

-

тΡ

W

u[

❑

пi.

_]

`~
^

=

F

c

L

t.°°

Ç F~

~~

O

g C.ti.

гн.

__

°"

t
-

p -9

7 тJ

Cam .
1 .~

- t.10.

г F . G

7
t

E

L

c =

-

_

K^ 'v

C

L -L]
"
-

-

г

г-

L
Ci-

LL

-

_

-ni-

on

t.

_

T..

CI

п

r.

t

-ni,..

:..
-Y.

l

_

pt
'

Г

îr

г

l
l

r

Ç.

^

Г.

â.

г

r

L

~

^,

~

O

T
~j ç

TJ.

!

=

_
2

.

7уΡ ГF
.
❑

гJ

r
г

-

г
tп ј

W ~1

r

û ..

й

'

pF

1п

ÿ

â

д

p

t

L

.л

'и

_
J
-

P

и

rг '

~ ~~

_

1 ,
J

o

Г
Descriptive epiderniology

c'
~

п

~,

г

_

y
y

ry

T

G:

г

~:
~..1 ,._.

ч

.- . ~.

^ 1 -3~ г.1

О

_

Li. 'l

r:j

Л

-

n-j

_

'--ј

F
L

J5

r,
-

C

Y . - t„

_

1

ц

пп
L

-

L

Г
a

-

=

д

~

ь

Y~C

C

иЕ

_

~L
y.

л

r

,C
-

Г

т

C1

-

r = ~1

L
г

-n
_.
О

.T..:O. -3

_
-

"

}

:

=

~1

_

1

`.

C

;J

n
и

-

n
'

‚

.
г
-d

1

L

C

J

.~ ,J
ti

ю
г п. _.

Ц

S

.D
i

ÿ h

N

5

Y

д ~y

~ Г
y r

,~
Г,
L
Г
Чy ~"

iJ

Jt

J

C

c^

n

,mya

yG
û

n'

O

:d

J

я

~c

-

V

0;

ц

с-

'-'

'

C
O

2 Q:

a
,J
-n

F

r

t

._ j .
—

?

~_-

'j

. T,

-

-Т

T

~

Ю

ј

ц'

пп

^h

u

~

n

c

u

-

ч
1

I

â

w

ÿ

t:

w
17

x

Epidemiology of Childhood Cancer

a

-t

ô

'c
Q.

i

'~ 3

_

-

ю

2
'C
и
o_~

Ka
C.

J

~y','.
'C
d~
~ч

C ЧΡC
-

R г..
гG
y, м
r1 - .-

S

in a,

;C

~г

г,'

é

-

-

Q

г]. -t

C

CC

лл '

,r.

-J~г
û
J

Q

C-

r
-

ЬL

b:

-

'

rÿ'

«

1

_

г

г

-C
ci о• J

Jп

~

C'
a

r

Q

г м ~.

Э

г~

ec

T

Q

v mt мL

Y

ÿ: -г
LЬ
л

г,

C
.E

J}

ÿ и

1
т ~+ м r.

"'
.. P- ~ч

w

-

С

u

`~ '_,

л•

С h~

t*.~C

'y
r

к

,

~ 5

{ -D

-

l

b
C О

*.

r

L T

v
~..

i

~i
~ч

~
h
+

= '

f

r;

r

'

го

,k ~r~~ C
Ч

-_

-

с

u
v

p~

Èt

C G~

Ç

ÿ

S
~,

уΡ

~— й н

ç

!
G

j.
ro

д

o~y Ч к

1
јј

~

~Э

гJ

г

D'S

.7г

~ôD

wQ

м J

-п г i

- `

D

Q: Г -

_.~

r гr,

Л

S

L

3 C_

м,

ь-p

1

'sn

~,~

^, J

D

7

н1

L

Q.

N ~~

C
и

_

i

-

w

v

м

Q

м

~
г

-

н
II

I

г+i
ц

п

C,

p

Ÿ
+~

.

C

-

r

Ç

i7 .;

-

'

,'

м

^ ❑
7

r
•te

tf
R ~

~

~j p

a

-

Г{ r ~ Q [y ~. y

rDescriptive ерiдетiоlоgy

individuals than was apparent for areas. On the
other hand, it may be that the differences in
rates reflect some characteristics of the areas and
of the populations living in them, rather than
differences between individuals. Alexander et al.
(1990d) analysed childhood ALL diagnosed in
1984-88 in the 22 counties of England and
Wales which contribute data to the Leukaemia
Research Fund Data Collection Survey. The
effect of socioeconomic status disappeared when
combined in an analysis with urban/rural status,
settlement classification and distance from a
built-up area. However, the classifications were
highly intercorrelated, with the majority of
wards in the group furthest from a built-up area
being both of higher socioeconomic status and
classified as villages or towns.

in rates of lymphocytic and unspecified
leukaemia between counties were detected during
1974-78, with the effect mainly evident in the
0-4 age group. While there were substantial
differences in the average levels of the
socioeconomic variables between counties, it was
not possible to determine whether the primary
effect was related to county or to socioeconomic
differences, although the 'county effect' could
not be explained by the socioeconomic variables
considered. County districts in England and
Wales were also classified into 'predominantly
urban' and 'predominantly rural'; these data were
not available for Scotland. In general, the rates of
lymphocytic and unspecified leukaemias in rural
districts were a little higher than those in urban
districts, but the difference was stаtisticaIly
significant only for the 5-9-year age group and
the effect became less marked after adjustment
for socioeconomic status. As the numbers of cases
and the populations in the lowest socioeconomic
groups in rural districts were very small, it was
not possible to determine whether the
association with socioeconomic status was
confined to urban areas,
Rodrigues et a1. (1991) undertook a similar
analysis at the level of the census tract in England
and Wales. A socioeconomic score for the census
tract was calculated in a similar way to that
derived by Draper et a1. (199 la) for county
districts. The urban or rural classification of the
district in which the census tract was located was
used, because no urban/rural classification is
available for individual census tracts. The age
groups 0-4 and 5-14 years were considered. There
was a clear trend of increasing incidence of
lymphocytic and unspecified leukaemia with
higher socioeconomic status of the census tract.
This was more marked in the younger age group.
There was no clear trend for ANLL. The trend for
lymphocytic and unspecified leukaemias was
statistically significant for each age group when
urban and rural districts were combined, and for
urban districts alone. Iп rural areas, a significant
trend was apparent in the older but not in the
younger age group, although higher rates were
seen in the highest three quintiles compared with
the lowest two. The overall rate of lymphocytic
and unspecified leukaemia was higher in rural
census tracts than in urban ones, but the
differences were not consistent across quintiles of
socioeconomic status and were not statistically
significant.
Draper and Elliott (1991) observed that since
these analyses were ecological, it is possible that
the true differences in incidence between
different social classes were greater for

Time trends
Temporal trends have been more thoroughly
investigated for leukaernia than for any other
tumour of childhood. Draper et яI. (1994)
summarized the reports which had been
published up to 1992. These reports aid several
recent updates and new analyses are presented in
Table 2.4. The findings are difficult to interpret.
The studies covered varying time periods and
different methods of analysis were used. Some
investigators analysed the 0-14 age group as a
whole, while others examined trends in specific
age groups. In addition, some reported trends for
each sex, while others reported both sexes
combined. 5оте of the studies considered only
all leukaemias together while others considered
the main sub-types separately. In addition, the
comments earlier in this section regarding
variations in the completeness of registration of
leukaemias, problems of miscoding and misclassification and the relationship between
leukaemia and non-Hodgkin lymphoma should
be borne in mind. In particular, diagnostic
improvements have undoubtedly led to more
accurate and precise classification of leukaemias
over time, which has the potential to produce
artefactual changes in the incidence of particular
sub-types. For example, it has been shown that
the reported increase of ALL between 1973 and
1987 in the populations covered by the SEER
registries in the USA (National Cancer Institute,
1990) could be largely accounted for by changes
in diagnostic practice and the consequent
decrease over time in the proportion of cases of
'acute leukaemia, not otherwise specified'
(Miller, 1992).
Of the seven analyses which considered all
leukaemias or all acute leukaemia together, six
found no evidence of any increase in incidence
19
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Four reports described an increase in the
incidence of ALL in the late 1970s and early
1980s followed by a fall in later years (Coebergh
et al., 1989; McCredie et aI., 1992; Blair & Birch,
1994x; Nishi et al., 1996). This could be
consistent with a cohort effect. In
5askatсhewaп, Canada, the relative risk of ALL
up to age 9, compared with children born in
1944-48, increased with each successive fiveyear birth cohort until 1969-73 and remained
stable thereafter (Wang & Haines, 1995). In a
much larger analysis for England, Wales and
Scotland, Stiller and Draper (1982) reported an
increasing incidence of ALL in children born
after about 1964 which was most evident among
boys aged 0-4 years. An update of this analysis,
which considered ALL plus unspecified
leukaemia diagnosed in children born from
1953, confirmed that the most pronounced
increase occuned in the under five-year age
group, but suggested that this increase did not
continue for children born after 1974 (Draper et
al., 1994).

over time. The other study, which collected data
from 36 cancer registries in 23 European
countries in order to investigate temporal trends
in leukaemia following the accident at the
Chernobyl nuclear reactor in 1986, found that
the age-standardized incidence of leukaemia
increased modestly during the 1980s (Parkin et
аl., 1996). The rate rose by 0.6% per annum in
the period 1980-86 and 0.4% in the period
1987-91. The rise appeared to be most evident in
children aged 1-4 years, but rates of change by
age group were not reported.
The remaining 19 studies analysed the main
sub-types separately. Of these, four studies (two
in the USA and two in Australia) found no
evidence of any change in the incidence of ALL
over time (Gordis et al., 1981; McWhirter &
Petroeschevsky, 1991; Bunin et al., 1996;
McWhirter et al., 1996). However, the most
recent US study observed a significant decrease
in the incidence of non-specific leukaemias over
time (Bunin et al., 1996) and the two Australian
studies found that ANLL had decreased
significantly (McWhirter & Petroeschevsky,
1991; McWhirter et al., 1996). The 15 remaining
analyses found some evidence of at least a
temporary increase in the incidence of ALL over
time. The rise was observed most commonly
among children under five years and appears to
have been fairly modest; several reports are
consistent with an increase of around 1% per
annum. Formal statistical tests were not
undertaken in all studies. Iп those studies where
tests were conducted, the increases were not
always statistically significant (e.g., Coebergh et
at., 1989; Mosso et al., 1992). In most of the
reports, the rise in ALL was accompanied by
declining rates of ANLL or other leukaemias (van
Hoff et al., 1988; Mosso et al., 1992; Ajiki et al.,
1994; Blair & Birch, 1994a; Draper et at., 1994;
Dockerty et at., 1996; Gurney et aI., 1996а;
McKinney (personal communication)). Although
the rise in ALL must be due in part to diagnostic
shifts and more accurate and precise
classification, it is not clear how much of the
increase can be explained by these factors. In
Connecticut, цSА, it was reported that the
increase in ALL in boys could not be completely
accounted for by the decrease in the other
leukaemias (van Hoff et al., 1988). In 5cotland,
the records of the cancer registry were matched
with data from other sources to maximize case
ascertainment and cases were subject to panel
review of diagnosis; in this series also, the
increase in ALL could not be explained entirely
by the decrease in other types of leukaemia
(McKinney, personal communication).

Clustering of leukaemia in space
and time
Most of the work on the clustering of
childhood cancer has related specifically to
leukaemia. Many anecdotal reports are available
(Heath, 1988; Alexander, 1993), perhaps the
most dramatic of which is the report of eight
cases of childhood leukaemia in Niles, Illinois,
in a four-year period in a population of about
20 000, nearly five times as many as would have
been expected on the basis of the incidence in
other parts of the same state (Heath & Hâsterlik,
1963). A survey of residents of the parish
regarding family church affiliation, school
attendance and the recent occurrence of
common childhood illness suggested that there
were differences in the occurrence of common
childhood illnesses such as measles and chicken
pox between families of cases with leukaemia
arid other families. It is noteworthy that the
observation of a cluster of cases coincided with
a striking growth in the population of the area,
and the authors observed that expansion of this
community may have been accompanied by
abrupt changes in patterns of disease.
Interest in a possible infectious etiology for
childhood leukaemia in particular led to
developments in statistical methods for the
identification of temporo-spatial clustering
(Ederer et al., 1964; Knox, 1964; Mantel, 1967).
The Knox, Ederer—Myers—Mantel and Mantel
methods of detecting spatio-temporal clustering
were shown to have low statistical power in the
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analysis of а simulated data-set relating to
Hodgkin's disease in childhood (Chen et aL,

clustering in rural areas appeared to involve
cases over a broader and older age range than in
urban areas. This would be compatible with a
delay in the development of herd immunity
against а putative infectious agent involved in
the causation of childhood leukaemia (see
Chapter 7).
Knox and Gilman (1992а), in a further
analysis of the data of Gilman and Knox (1991)
relating to leukaemia and lymphoma, observed
that the space—time interactions they detected
showed geographical heterogeneities. There
appeared to be a strong concentration along a
corridor stretching from the conurbations of
north-west England, through the industrial
Midlands,
towards
the
south-east.
Standardization for population density made
little difference to this pattern. The authors
noted that if the critical distance for identifying
interaction pairs varied between areas of
different population densities, as would be
likely if an infectious disease were involved in
the etiology of leukaemia, the phenomenon of
space—time clustering might be obscured when
data from areas of different population density
were pooled. There was some evidence of
heterogeneity of critical distance; in the densely
populated central corridor, the most significant
interactions were at 0.1 km and 35 days and at
0.1 km and 10 days, whereas in the north-east
region, the most significant interaction was
within 0.3 km and 25 days.
In an analysis of deaths due to leukaemia and
lymphoma in Great Britain during the period
1953-80, clustering was apparent both by date
and place of birth, and date and place of
diagnosis (Gilman & Knox, 1995). The
clustering by date and place of birth was
significant among pairs with different ages at
diagnosis, suggesting that the latent period is
variable. The clustering by date and place of
diagnosis was apparent in pairs comprising
children in different age groups (those aged 0-4
years and those aged five or more) as well as in
pairs comprising children from the same age
groups. Therefore, the clustering by date and
place of diagnosis did not appear to be
secondary to the birth clustering. The two types
of clustering comprised many independent
pairs of cases, with little sharing of cases
between different pairs. There were no clusters
comprising a large number of cases. A
limitation of this study is that data on
leukaemia mortality may be inappropriate
when considered over a time period when
survival improved markedly (for further
comment, see Chapter 6).

1984).

A substantial number of studies were
published in the 1960s and early 1970s. Smith
(1982) and Linet (1985) reviewed investigations
of temporo-spatial clustering of leukaemia and
the statistical methods used iп these studies.
Table 2.5 summarizes the studies on childhood
leukaemia included in these reviews, together
with more recent studies in Greece (Petridou et
а1., 1996а), the Netherlands (Van Steensеl-Moll
et al., 1983), and Britain (Morris, 1990; Gilman
& Knox, 1991, 1995).

Of 24 studies, 15 were interpreted by the
authors as showing some evidence of clustering.
The methods used in most of these studies
require arbitrary definitions of closeness in
space arid time. Therefore, multiple testing was
a feature of most of these analyses and the
possibility that findings of clustering are no
more than would be expected by chance cannot
unequivocally be excluded (Alexander, 1993). In
a study in Greece, the results of previous
investigations were used to define the units of
space (5 km) and time (1 year) for which to
investigate space—time clustering (Petridou et al.,
1996а). For childhood leukaemia in Greece as a
whole, the observed number of pairs that were
close in space and time exceeded the expected
number by 5.2% (р = 0.004). This was accounted
for by leukaemia diagnosed at under five years
of age, for which the observed number of pairs
close in space and time exceeded the expected
number by 9.4% (p = 0.004). There was ni
evidence of space—time clustering for leukaemia
diagnosed at ages of five or more.
It might be expected that clustering would be
detected more easily in sparsely populated areas
than elsewhere. However, positive reports of
clustering include studies in highly urbanized
areas such as Liverpool, Greater London, Buffalo
City, San Francisco and Metropolitan Atlanta.
Petridou et al. (1996а) investigated clustering in
urban (10 000 or more inhabitants), semi-urban
(2000-9999 inhabitants) and rural (less than
2000 inhabitants) areas of Greece. The
clustering apparent at all ages and in the 0-4year age group in the country as a whole was
mainly accounted for by the pattern in urban
areas. This was especially marked for ALL
diagnosed at 2--4 years of age. In rural areas, for
leukaemia diagnosed at any age, the observed
number of pairs close in space and time
exceeded that expected by 27% (p = 0.13). 1n
exploratory analysis, this was found to be
concentrated in children aged 4-11 years. Thus,
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Spatial clustering of leukaemia: no prior
hypotheses about sources of putative hazard
Much concern about localized excesses of
childhood cancer has arisen in relation to
proximity to environmental sources, such as
nuclear installations (see Chapter 4). This
concern has been a stimulus for the development
of statistical methods for investigation of spatial
clustering. In addition, the analysis of spatial
clustering is more appropriate than the analysis
of space--time clustering if infectious agents
associated with prolonged and variable latent
periods were of etiological importance
(Alexander, 1993). Much of the development
work has been done in Britain, because of the
availability of data for small areas and because of
concern about apparent excesses around nuclear
sites in Britain.
— Methods of analysing spatial clustering
Methods of analysing spatial clustering can be
grouped into three categories: (i) methods based
on cell counts; (ii) methods based on detecting
adjacencies of cells with high counts; (iii)
distance methods (Cuzick & Edwards, 1990;
Little & Elwood, 1992a).
In methods based on cell counts, a grid is
placed over a map of the region of interest, and
the number of cases in each unit of the grid is
counted. The null hypothesis is that the
occurrence of cases follows a Poisson
distribution. The method does not take into
account the distribution of cases in
neighbouring cells, which leads to loss of power
when cases are rare. An example of such an
approach is the I5D method (named after the
Information & Statistics Division of the
National Health Service in Scotland, where the
method was developed; Heasman et aI., 1987;
COMARE, 1988; Black et al., 1996). Another
example is the Potthoff-Whittinghill test,
developed for the situation where the units of
area axe heterogeneous in terms both of
population and of geographical size, so that
classical methods of testing the goodness of fit
of the Poisson distribution are inappropriate
(Potthoff & Whittinghdl, 1966a,b). These
methods aim to provide information on
whether the overall distribution of the disease
shows clusters and as to the nature of any
clustering identified.
The second approach involves the
examination of adjacencies of cells with counts
at or above a specified level of significance, or
observed-to-expected ratio (Barnes et al., 1987).
Thus, the method is a test for between-area
clustering.

The third approach is based on the
consideration of distances between pairs of cases,
usually only those between nearest neighbours. It
is assumed that, in the absence of clustering, the
spatial distribution of cases is uniform. This is not
a satisfactory assumption for the denominator
population, and methods have been proposed to
allow for the non-uniform distribution of the
denominator population. With regard to
developmental work related to childhood
leukaemia and lymphoma, most investigators
have taken the non-uniform distribution of the
denominator population into account by
defining circles of fixed geographical size (the
geographical analysis machine of Openshaw et al.
(1988)), of fixed weighted sums of the numbers of
observed and numbers of expected cases (two
sample test of Cuzick and Edwards (1990)), of
fixed expected numbers of cases (one sample test
of Cuzick and Edwards (1990)) or of fixed
numbers of observed cases (Besag & Newell,
1991). The probability that each circle is the
centre of a cluster is then evaluated. ALl of these
methods aim to provide information on the
location of clusters. The geographical analysis
machine (GAM) (Openshaw et al., 1988) searches
a geographical region for clusters by applying
multiple overlapping circles of varying radii on a
grid sufficiently fine that a circle can overlap each
of its neighbours by 80%. The test described by
Besag and Newell(1991) has the same basic aim as
the GAM, but may have a more acceptable
statistical basis, and is computationally less
demanding. Nearest neighbour methods, of
which the local nearest neighbour area test is an
example, involve measuring the distance from
each case c to the nearest (or more generally the
kth nearest) neighbouring case, and computing
the expected number of cases in the circle, centre,
radius r (Alexander et al., 1989b). Variations in
population density may be taken into account in
calculating expected numbers. The local nearest
neighbour area test aims to provide information
on the proportion of cases occurring in clusters,
the number or proportion of cases in the largest
cluster, and the location of clusters. In the twosample test of Cuzick and Edwards (1990),
comparison is made of distances between cases
and distances between controls, thus obviating
the need for information on the distribution of
the total denominator population.
In an investigation of the abilities of different
methods to detect spatial clustering, these
distance methods, together with the cell count
approach initially described by COMARE (1988)
were applied to 50 simulated data-sets (Alexander
& Boyle, 1996). The underlying distributions of

Descriptive epidemiology

the data-sets were known but concealed from the
investigators. No simple relationship was found
between the parameters used to generate the dataset and the difficulty of detecting clustering. All of
the tests had low power to detect clustering when
2.5% of cases occurred in clusters; power
increased as the proportion of cases occurring in
clusters increased. It proved extremely difficult to
detect clustering in urban areas, and it was
sometimes difficult to detect clusters which
occurred on the edges of urban areas. There were
many false positive reports of clustering and
clusters. Decisions as to the occurrence of
clustering were more difficult when a large
number of clusters was involved. A general
conclusion is that for the present, it seems
appropriate to use more than one method in
investigating spatial clustering of disease.

The period of study (1966-83) included the
years 1971 and 1981, when national censuses
were carried out. The enumeration district was
the smallest geographical unit for which
population data were available (Elliott et al.,
1991b). There were approximately 130 000
enumeration districts defined in Britain at each
census, giving population courts at ages 0-14
years of about 95-100 persons in each. Cases
were analysed according to their address at
diagnosis.
The studies are summarized in Table 2.6. The
most consistent evidence for clustering was
found for lymphocytic leukaemia in children
under the age of five years. This was observed
when the ISD, Potthoff-Whittinghill and GAM
methods were applied (Black et al., 1991;
Alexander, 1991; Openshaw and Craft, 1991),
and is consistent with the results of the analysis
of temporo-spatial clustering by Gilman and

— Childhood leukaemia and non-Hodgkin
lymphoma in Britain, 1966-83
Several methods of spatial analysis were applied
to data on leukaemia and non-Hodgkin
lymphoma diagnosed at ages 0-14 years iп Great
Britain during the period 1966-83. The results of
application of the Knox test for space-time
clustering to these data (Gilman & Knox, 1991;
Knox & Gilman, 1992а) were described above.
Seven tests of spatial clustering were applied. Two
were cdl count methods: (i) the ISD method
(Black et al., 1991); (ii) the Potthoff-Whittinghill
test (Alexander, 1991). The other five were
distance methods: (i) the Cuzick-Edwards method
(Alexander, 1991); (ii) the geographical analysis
machine (Openshaw & Craft, 1991); (iii) the local
nearest neighbour test (Alexander, 1991); (iv) the
Besag-Newell test (Besag et al., 1991); and (v) the
Knox method as applied to distances (Knox &
Gilman, 1992b). All of the analyses except that of
Knox and Gilman (1992b) were collected together
in a single volume relating to the geographical
epidemiology of these diseases, one of the
objectives of which was to determine the extent
to which results using different methods were
consistent and, in particular, whether they agreed
as to whether there was evidence for the existence
of clustering as a general feature of the specific
diseases (Draper et al., 1991b).
Seven diagnostic groups were considered:
(i) lymphocytic leukaemia;
(ii) acute non-lymphocytic leukaemia;
(iii) non-Hodgkin lymphoma;
(iv) lymphocytic and unspecified leukaemia;
(v) all leukaemia;
(vi) non-Hodgkin lymphoma and unspecified
lymphomas;
(vii) all diagnoses.

Knox (1991).

A concern was the possibility that denominator
errors could lead to spurious evidence of
clustering. Black et al. (1991) found greater than
expected heterogeneity of lymphocytic leukaemia
and lymphocytic/unspecified leukaemia at almost
all aggregation scales. Extra-Poisson variation was
observed, suggesting that the effects of
denominator errors would have been relatively
large in comparison with the phenomenon under
study. This problem is likely to apply to all
methods using population data derived from
censuses.
Alexander (1991) found that, for the overall
time period 1966-83, there was evidence of
spatial clustering for lymphocytic leukaemia and
for the diagnostic groups influenced by this
category (i.e., all leukaemias and all cases). This
was apparent at ages 0-4 and 0-14. However,
when analysis was restricted to one of the two
five-year periods surrounding a decennial census,
there was a consistent lack of evidence of
clustering. Thus, denominator errors may have
accounted for the clustering observed over the
entire time period.
Besag et al. (1991) found that the number of
'database anomalies' was higher than predicted
for the period 1974-78; for this intermediate
period, the population at risk was estimated by
taking averages of the 1971 and 1981 census

tract data, whereas in the other analyses of subperiods, enumeration districts were used.
Enumeration districts could not be used for the
intermediate period, as in general their
boundaries changed between the two censuses.
The authors noted that a preliminary analysis of
anomalies identified at the 0.01 probability level
29
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of normal or high population density was
around or less than the expected value. The
influence of errors in the population
denominators could not be assessed as, although
similar patterns were not found for diagnostic
groups which did not include lymphocytic
leukaemia at ages 0-4, these analyses had lower
statistical power because of smaller case
numbers.
Openshaw and Craft (1991) made a tally of
how many of the clusters occurred near to a list
of three locations where localized excesses had
previously been reported — Gateshead, Seascalе
(near the 5e11afield nuclear plant) and the area
around Dounreay nuclear plant. The first two of
these were identified in the analysis. Clusters
near other nuclear sites and 'new towns' were
also considered. Sоте were identified in the
analysis. No clusters were identified near a set of
six sites that had been considered for nuclear
installations. Most of the clusters appeared to be
associated with areas that did not fall into one of
these categories. The authors noted that similar
levels of association have been found in
simulations based on random data.
Knox and Gilman (1992b) tested the same
data-set for the presence of short-radius spatial
clusters. When the frequency distribution of
inter-pair distances was considered, there was a
relative excess among case pairs of separation
-40 km. The greatest relative excess was at
separations >0.5 km. As the registers of coordinates for the cases and the controls were not
strictly comparable, the authors also undertook
a qualitative analysis, based upon counting the
numbers of pairs of cases sharing a single
postcode map reference. Again, there was a
significant excess of pairs sharing common or
adjacent postcodes, and this is compatible with
the results of the other analysis. The
quantitative analysis suggested an excess of
200-300 pairs separated by distances up to
0.5 km. In the analysis of temporo-spatial
clustering in the same data-set (Knox & Gilman,
1992а) described above, there were 35 pairs
within 0.5 km aid 30 days of each other.
Therefore, the space-time excess was contained
within the geographical excess. While the
phenomenon of space--time clustering might
have arisen because an epidemic communicable
disease had provoked haematological
examinations, in turn triggering the nearsimultaneous diagnosis of latent leukaemias
already existing within the population, such a
process could not have accounted for
geographical clustering among events
aggregated over a long period of time.

for various sizes of circles around the index case,
defined in terms of the number of cases
included, showed that some occuned in areas
where census counts provide poor estimates of
the true populations at risk. Such areas included
locations where extensive house building had
taken place subsequent to the census, and others
in the vicinity of military camps, which often
receive special status in the census, leading to
under-enumeration. Openshaw and Craft (1991)
applied (i) tests of clustering (three cell count
methods including the ISD method, and a score
test of over-dispersion) and (ii) a method aimed
at detecting clusters (the GAM with kernel
estimation). In the first approach, clustering at
the 4 km2 scale was identified by three out of the
four tests. At the larger scales (8, 16 and 32 km2),
the results were affected substantially by
changing the origin of the grid. In the second
approach, the data analysis was carried out for
five different time periods, four of which were
intended to localize the effect of population
changes since the 1971 or 1981 census, the fifth
being the entire study period. All seven disease
groupings were considered, but only that for all
cases is shown. in Table 2.6. There was some
weak evidence of clustering in most of the
analyses. The number of clusters seemed to be
greater in the analyses based on the 1981 census
than for those based on the 1971 census, but the
results appeared to be reasonably robust to the
effects of using different base populations (i.e.,
the 1971 and 1981 censuses, and the maximum
populations for areas included in the 1971 and
1981 censuses defined to be as similar as
possible to one another).
The clustering of ALL among young children
was confined to sparsely populated areas
(Alexander, 1991). The ratio of the incidence at
ages 0-4 years to that at 10-14 years was 1.58 for
"very sparse" wards (expected number of cases
X0.004 per year) compared with wards in which
the population density was 'normal' (expected
number of cases 0.008-0.07 per year). The ratio
was 0.65 in wards in which the population
density was high (expected number of cases
X0.07 per year) compared with wards in which it
was normal.
The pattern of clustering of ALL among young
children in sparsely populated areas could not
be explained by uniformly high rates within
them. Adjustment of the expected numbers by
the observed relative risk in the different types
of area only marginally reduced the values of the
test statistic for lymphocytic leukaemia. Iп every
case in which the test gave significantly positive
results, the contribution from wards classified as
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This pattern was not apparent when the analysis
was repeated with the ages of nearest neighbours
restricted in the same way as for the target
children. Inspection of the ages of the nearest
neighbours showed that 59% of those involved
in case-case pairs were aged 5-14 years, whereas
only 39% of cases were in that age range. Thus,
there was a tendency for cases with a younger age
of onset to have lived close to cases with an older
age of onset at some time before the diagnosis of
the disease in either child. The relationships
between overlap of the time period of residence
and dates of birth were similar for case-case and
other pairs, but there was a small excess of target
cases for whom the period of overlap ended by
the date of birth, suggesting that a minority of
cases may be susceptible prenatally. When the
period of overlap was considered in relation to
the date of diagnosis, both targets and nearest
neighbours of case-casé pairs were somewhat
more likely to have an overlap beginning in the
second year before diagnosis than other pairs.
However, for the vast majority of case-case pairs,
the period of overlap extended into periods more
than two years before the date of diagnosis of at
least one child.
In each of the three geographical areas included
in the study, a pattern was apparent whereby an
older case was nearest neighbour to a number of
younger target cases. However, the periods of
overlap between pairs of casés did not coincide
and were spread over several years, and the
overlap may also have involved different
addresses for the older case. Two children were
defined to have had school contact if either they
or their siblings had attended the same school for
at least one term in common. Six pairs of cases
and five pairs of controls had had such contact.
On the basis of the results of the exploratory
analysis, the authors suggested that some
children might have been susceptible around the
time of birth. To test this, the spatial analysis in
which residential history during the period one
year before birth until diagnosis was repeated,
with consideration of the residential history
restricted to the time between conception and
the first birthday. 1n all three regions in which
the study was carried out, there was evidence of
excess case to case proximity according to this
restricted definition, indicating an excess of case
children who, around the time of their birth, had
lived close to other children who later developed
leukaemia. The authors considered that it was
unlikely that the results were due to the localized
spatial clustering which had already been
identified in these areas, since application of the
same methods to test for spatial clustering by

— Other analyses of spatial clustering of leukaemia

Iп a study of deaths at ages 0-5 years due to
leukaemia in Greater London in the period
1952-65, in which no evidence was found of
clustering of the time and place of residence at
birth, Smith et a1. (1976) investigated possible
contagion by examining six postulated
susceptible periods: the gestational period, each
of the three trimesters of pregnancy, the first year
of life, and the period from one year before
clinical onset to six months before onset. Four
periods of infectivity were postulated: onset }1
month, onset ±3 months, onset ±1 year and
onset to death. Areas of susceptibility and
infectivity were defined to be circles of one of five
diameters (0.25, 0.5, 1.0, 2.0 and 4.0 kin) around
the places of residence at birth and onset
respectively. The observed number of
overlapping pairs of cases exceeded expectation
at the conventional 5% significance level only for
a susceptible period from one year to six months
before onset and an infective period of onset t1
month, with a critical distance of 4 km. Two
differences approached this level of statistical
significance - the same time periods as above,
with critical distances of 0.25 and 0.5 km. When
susceptibility in utero and infectivity from birth
to onset of the disease were considered, the only
difference that was statistically significant was
associated with а critical distance of 4 km
between pairs and cases. The authors
acknowledged that these results could well have
arisen by chance, given the number of
significance tests performed. Also, the tests were
not independent.
Using data from a case-control study, in an
analysis of residential proximity between cases of
leukaemia and non-Hodgkin lymphoma and
between controls during the period from one
year before birth to diagnosis in three areas in
northern England (Cumbria, Gateshead and
North Humberside) during the period 1974-88,
statistically significant clustering was found
using the Cuzick-Edwards test (Alexander et al.,
1992а). Alexander et al. (1992а) carried out an
exploratory analysis to determine which cases
gave rise to the excess numbers of case-case pairs,
and of the period of linkage for clues as to
latency. The analysis was restricted to case
children who were bath born aid diagnosed in
the same study area. When the 'target' (i.e., the
index child from whose home residential
distances ta all other homes were computed in
order to identify the nearest neighbours) was
aged under five years, the nearest neighbour was
more likely to be a case than a control. This was
not found when the target was aged 5-14 years.
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location at diagnosis gave significant results only
for one of the areas. In addition, the case--case
pairs in North Humberside did not include any
cases from the postcode sector in which the
original reports of clustering had been made.
In a report on the parental occupational
exposures of these study subjects (McKinney et
aL, 1991), it was stated that 11-13% of parents of
cases and 17-38% of parents of controls were not
interviewed in the main study areas. Control
replacement was used. The main reason for nonparticipation was refusal. If agreement to
participate were related to awareness of other
cases, non-participation could influence the
results of analysis related to case—case interaction.
It would be interesting to know if the parental
occupational exposures, associations with which
were almost exclusively restricted to the time
before the child's birth, could account for the
observed patters of interactions between cases.
On the basis of the suggestion that there is a
putative childhood leukaemia virus (Lancet, 1990)
and the hypotheses of Greaves and Kinlеn (see
Chapter 1), Alexander et al. (1992a) postulated
that (i) in children exposed to a putative
infectious etiological agent in utero or very early
in life, persistent infection might become
established, leading to an increased risk of
developing ALL primarily later than the peak
years of onset in childhood; (ii) postnatal
exposure to the putative agent might contribute
to the development of ALL at younger ages; and
(iii) ALL in the childhood peak age range may be
a rare consequence of recent first exposure to the
putative agent. Alexander (1992) tested these
hypotheses in an analysis of temporo-spatial
interaction of total childhood leukaemia in 131
wards whose contribution to the PotthoffWhittinghill test of spatial clustering exceeded an
arbitrary threshold of 10 in her earlier analysis
(Alexander, 1991) of data from Britain during the
period 1968-83. In these wards, there were 487
cases with ALL, б with acute leukaemia not
otherwise stated and 24 with other types of
leukaemia. Thé hypotheses were evaluated by
considering the spatial and temporal
relationships between the cases, considered to
form two series, one the 'infectives' and the other
`susceptibles'. The Knox method was used to
evaluate temporo-spatial interactions.
In evaluating the first hypothesis, relating to
the persistent infection of children following
exposure in utero or very early in life, susceptibles
were defined to have an age range of 5-14 and
their period of susceptibility was their date of
birth ±1 year. The relevant analysis showed
highly significant temporo-spatial interaction.

Thus, there was evidence that children destined
to develop ALL at older ages were exposed in utero
or perinatally. Examination of the ages at
diagnosis of the infectives shows that the excess
of observed temporo-spatial interactions
compared with that expected was not restricted
to older cases.
In evaluating the second hypothesis, relating to
the possibility that postnatal exposure to an
unspecified agent might increase the risk of ALL
in young children, the susceptibles were defined
to be in the age range 0-4 and their time of
susceptibility to be from their date of birth to the
date of their diagnosis. Spatio-temporal
interaction of borderline statistical significance
was found. The excess appeared to involve
infectives who were somewhat older than
susceptibles.
Iп assessing the third hypothesis, relating to
ALL in the childhood peak and recent first
exposure to the agent, the susceptibles were
defined to be in the age range 2-4 years and their
period of susceptibility from either 18 months
before diagnosis, or the age of 12 months if this
was later, to the date of diagnosis. No spatiotemporal interaction was found.
One interpretation of these findings is that
horizontal and/or vertical transmission of some
infectious agent or agents may contribute to ALL
with onset beyond the childhood peak. As
indicated by the author, other interpretations are
possible, including a common source exposure
to a pollutant which is localized in both space
and time, but it would then be necessary to
postulate an unusual relationship between age at
exposure and the lengtth of the latent period. The
evidence in support of the hypothesis that
infection may contribute to the disease in
younger children is weaker. This suggests either
that other causes are dominant or that host
factors are relevant, as postulated by Greaves
(1988).

A cumber of other analyses of spatial clustering
in Britain have been carried out in the context of
developing statistical methods for investigation
of the phenomenon. No clustering of leukaemia
diagnosed at ages up to 24 years was found in
Scotland during the period 1968-84, using a
variant of the ISD method (COMARE, 1988), but
this variant was subsequently shown to lack
statistical power (Black et al., 1996). In an
analysis of ALL in the north-west of England
during the period 1968-88 by the GAM, five
clusters were identified, only one of which had
been suspected previously (Openshaw et al.,
1988). subsequently, in an analysis of a subset of
these cases diagnosed during the period 1975-85
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Muirhead (1995) investigated spatial
clustering of 346 cases of leukaemia and nonHodgkin lymphoma in white children in three
metropolitan regions of the USA (San
Francisco-Oakland, California; Detroit,
Michigan; and Atlanta, Georgia) during the
period 1978-82. Denominator data were
obtained from the 1980 census. No evidence of
spatial clustering was found, using either the
Potthoff—Whittinghill method ox that of
Breslow (1984) among census tracts with or
without adjustment for region, among counties
ox among regions. Similar results were found
when the age range was restricted to zero to four
years. The absence of clustering may reflect the
greater difficulty of detection in urban than in
rural areas (Alexander & Boyle, 1996). Analysis
also was made by median education, median
family income and population density of the
white population of each census tract. There was
a statistically significant increasing trend in
incidence rates with increasing population
density; this trend was observed in all three
regions. No trend with education or income was
found, although incidence was 27% higher in
children resident in the areas of highest
education compared with the lowest (Table 2.4).
In an analysis of 1523 cases of childhood
leukaemia in Sweden during the period
1973-93, no clustering was found for ALL and
ANLL either separately or combined (Hjalmars et
ai., 1996). The analysis was based on the
centroids of 2577 standard parishes, with
population data taken as the average of the
censuses carried out in 1976, 1982 and 1988.
The spatial-scan statistic was used, in which a
circular window of variable size, in this instance
covering an increasing number of adjacent
parishes until 10% of the total population was
covered, scans the study area in order to detect
clusters without prior knowledge of their
location or geographical size. The power of the
test has not been fully investigated, but is
suggested by the authors to be relatively good.
In an analysis of data on 656 cases of ALL in
Sweden during the period 1980-90, no evidence
of a tendency for cases to cluster was found
when the methods of Turnbull et al. (1990) and
Besag and Newell (1991) were applied (Waller et

by the Besag—Newell method, no clustering was
identified when the whole region was
considered (Besag & Newell, 1991). In analyses
of residence at diagnosis of leukaemia and
lymphoma (Cuzick & Edwards, 1990) and
leukaemia (Alexander et a1., 199 la) in North
Humberside during the period 1974-86,
significant clustering was identified using the
Cuzick—Edwards method. Using a probability
mapping technique in the analysis of data at
electoral ward level from the West Midlands
Health Authority Region during the period
1980-84, no evidence of spatial aggregation of
leukaemia and non-Hodgkin lymphoma was
found (Muir etaL, 1990b).
Aickin et ai. (1992) compared data on mortality
attributed to leukaemia in children up to the age
of 19 years between West Central Phoenix in
Arizona, where a childhood leukaemia cluster
was suspected, and Maricopa Соипty, excluding
West Central Phoenix and three other suspect
areas. The choice was based on the perception
that the distributions of factors such as ethnic
group and socioeconomic status were more
comparable to the target area than were the
corresponding distributions in national data.
The other suspect areas were removed from the
comparison region because they contained sites
identified by the Environmental Protection
Agency as being contaminated by potentially
hazardous chemicals. This decision was taken
before examining the mortality data. The
method of analysis appied, which was
developed in response to concern about
potential disease clusters, consisted of a formal
test of a hypothesis that the standardized rate
ratio in the target and comparison regions is
unity. This was formulated as a linear hypothesis
on Poisson means, and thus some variability of
both the numerator and denominator terms was
taken into account for both the area of concern
and comparison regions. The standardized rate
ratio was 1.95, with a p value of 0.0002,
suggesting that an excess number of childhood
leukaemia deaths occurred in West Central
Phoenix. The excess appeared to be weakest
among the older children. The study period was
divided into three (1966-69, 1970-81 and
1982-86) in order to determine if rates were
elevated in periods previous and subsequent to
the cluster reported in 1982 which stimulated
the enquiry. Examination of residuals indicated
that the excess was most marked in the middle
time period. The method does not seem to
resolve the problem of interpreting statistical
tests related to areas of concern specified because
a cluster was suspected.

а1., 1995).

In an analysis of 872 cases of childhood
leukaemia in Greece during the period 1980-89,
significant clustering was identified using the
Potthoff—Whittinghill test (Petridou et al.,
1997). As this might have reflected a higher
incidence of childhood leukaemia in urban
rather than rural areas in Greece (Petridou et al.,
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Group II: Lymphomas and other
reticuloendothelial neoplasms

1996a), the analysis was stratified among
districts classified as `urban' (districts adjacent
to towns of more than 10 000 inhabitants),
'semi-urban' (districts composed of towns with
populations between 2000 and 9999
inhabitants) or 'rural' (districts containing
villages each with fewer than 2000 inhabitants).
Spatial clustering was found in the urban and
semi-urban districts, but not in rural districts.
When analysis within age groups was
performed, the strength of the clustering was
stronger for the 0-4-year age group than for the
5-9-year age group, while no clustering was
apparent for the 10-14-year age group. The
extent to which the proximity of cases from
different age groups contributed to the overall
clustering was examined; the between-agegroup clustering appeared to be stronger than
that within age groups. These patterns also were
apparent when the analysis was restricted to
ALL. In an analysis of space-time clustering of
the same data, clustering was apparent only for
cases younger than five years (Petridou et al.,
1996a; see above).
Data on 261 cases of childhood leukaemia, the
majority (79%) of whom had ALL, diagnosed in
Hong Kong during the period 1984-90 were
analysed by the Potthoff-Whittinghill method
(Alexander et aI., 1997). There was no evidence
of clustering for the entire age range. However,
spatial clustering was observed for cases
diagnosed at 2-6 years (age group defined а
priori), and evidence suggestive of clustering was
found for the 0-4-year age group. Alternative
age bands were considered for the childhood
peak in a sensitivity analysis; this showed that
the results were not dependent on a precise
definition of the childhood peak in terms of age
at diagnosis.

A diverse group of neoplasms are included in
the category of lymphomas and other reticuloendothelial neoplasms. The most common of
these are Hodgkin's disease, Burkitt's lymphoma
and non-Hodgkin lymphoma. These exhibit
distinctive epidemiological features and are
therefore considered separately in this section.
Also included among the lymphomas is the rare
neoplasm histiocytosis X, which is not recorded
by some cancer registries and, in the registries
where it is recorded, the data are often
incomplete (Stiller & Parkin, 1990a). The
remaining tumours in this category are
unspecified lymphomas or other reticuloendothelial neoplasms.

Relative frequencies of lymphomas and
lymphoma types
There are substantial variations worldwide iп
the proportion of all neoplasms in children
which are lymphomas. The relative frequencies
of lymphomas in selected populations, based on
the data from Parkin et al. (1988а) and covering
approximately the decade 1970-79, are shown in
Table 2.7. In some of these series, in Africa in
particular, leukaemia cases are not enumerated
or are likely to be under-ascertained, which has
the effect of inflating the apparent relative
frequency of lymphomas. Nonetheless, it is
evident that in most of Africa, with the
exception of the south, lymphomas are the
dominant childhood neoplasm, accounting for
between 30% and 75% of incident cases. In the
south, in Zimbabwe and Namibia, 12--15% of
childhood tumours are lymphomas (Parkin et al.,
1988a; Wessells & Hesselling, 1996). This
geographical pattern is confirmed n other
African series (Parkin, 1986; Obafunwa et al.,
1992; Tijani et al., 1995; Makata et al., 1996).
Lymphomas are also relatively common in
countries of the Middle East, Brazil and Papua
New Guinea, where they account for between
22% and 33% of malignancies. In north . and
centrai America, Australia, New Zealand, eastern
Asia and Europe they comprise 8-17% of
neoplasms.
To illustrate the distinctive geographical
distributions of the main histological types of
lymphonia, Table 2.7 also shows the proportions
of lymphoma cases which are of these types.
Difficulties in the accurate diagnosis and
classification of lymphomas are well recognized
(Glaser & Swartz, 1990). Therefore, it is possible
that some of the disparity in the data,
particularly between series from neighbouring

— Summary
Spatial clustering of childhood leukaemia has
been observed in Britain, Greece and Hong
Kong, but not in Sweden or in metropolitan
areas of the USA. The units of space considered
in the study in the USA were larger than in those
considered in studies in the other countries,
which may have diluted the effects of clustering
at a smaller scale. Where spatial clustering was
identified, it was strongest for cases diagnosed
in young children. However, part of the pattern
in Britain may be attributable to errors in the
denominator population. In addition, in the
British data, the evidence of spatial clustering
was confined to sparsely populated areas,
whereas in Greece such clustering was found
only in urban or semi-urban areas.

36

Descriptive epidemiology

Э

0.
G
v

q

~~'~

- ter_ •'

r

-: ~ ~ ~i

~ x ~ ~ ~н .-.

Y C

i

~1 ~,

r1

•i

~_.

i

.

..

Я

-r. n cг .._ _~ -

`
-~
~
t

пi _
'~с г . t

-

r'-

c

с

.
z ц.
г:. г i _ ~

-л

:х
._- _
и;-:.и
с ~ -r а:.-

.'d om a -

ч ii ,.

~

'i

Y."

п

, гЭΡ ^ ,

, 'л

r

l <т
гп

r-»
~j. гц.

СΡ1

r,

с

t`
_
л

G

u

c

.

_

' .' c

r
r--,

1
c
СΡл '-

i

i

пj
гY
'r' r'

_i

r'

_
, r, ,- c4 x Сг

i

- d c. м „l'-1
r гi

зм
r r

r

i

t

Û y
-d

b
7u

n
r-

л

v
_

K
;:•
~ rG`

v

~'

L

.

C

~-t'
. ,

-ч

'3г

гп 'ч

'- l"

'

.M1

.r.~

г.

-N-r-

r--,

гл

г

M• '
,i

LÂ
h
=i

1=

T

п7
4С

titi

- Tb '
"1 0
1
-. С

~ F
G гг
~. C
c

м

'~c
-_
0

'.. «ч

с

C t
i

L
1:
~
C

з
л

aч gv

г 'J
m v

L
'0

c y

4
T]

~

.h am ^~
~
µ
+ ы

Ç

1

✓ .J

Cr-

V: ..

c .
C..г
Z. ~
ц

?

д c~
н~ :Ç v cc
.~
44 Н . Ёл
J

A

v ti

n'-

д

~C

G

F'+

G

~.

5

y G
-a :.~
::

n ~- i

vи с^ r 7 ~
гL U

-

37

с
Г1..~.

-

г

уβ ~ a Ç
гЭ t]
7
: u
'л
ï ц
_. ,
7 с Z.

o
'
'

J

✓~

J, Г
~ v

Epidemiology of Childhood Cancer

areas (e.g., within Europe), is due to differences
in histopathological classification practice.
However, the variations between regions are
pronounced and likely to be, in large part, real.

Hodgkin's disease
Geographical patterns
In Australia, New Zealand, northern and
central Europe, the Middle East and the
Americas, Hodgkin's disease represents 27-48%
of lymphomas in children (Table 2.7). It is
similarly frequent in areas of Africa where
Burkitt's lymphoma is not endemic.
The highest recorded annual age-standardized
incidence of Hodgkin's disease during the 1970s
was 10.8 per million in Costa Rica (Parkin et al.,
1988а). Rates of more than 8 per million were
observed in Kuwait, Los Angeles Hispanics,
Brazil (Sâo Paulo) and the non-jewish
population of Israel. The pattern of high
incidence in Israel and Kuwait appears to
extend into North Africa, Turkey, Iran, Pakistan
arid north-west India (Stiller & Parkin, 1990а).
It also stretches to the north and west, with
registries covering parts of southern Europe
reporting rates in the range 5-7 per million. In
addition, incidence appears to be generally
higher in the Baltic countries and states of
central and eastern Europe than those in the
European Union (Macfarlane et al., 1995).
Moving westward and north in Europe, the
incidence falls to 4 per million in Britain and
Denmark and to 3 or less in the Scandinavian
countries. The pattern of lower incidence in
northern than southern parts of Europe is
reflected in North America. While rates in US
populations were in the range 5-7 per million,
those in Canada were 3-4 per million. In
eastern Asia, Hodgkin's disease is uncommon,
with incidence in most populations less than 2

per million.
Reports of reciprocal geographical patterns in
Hodgkin's disease mortality iп young adults
(Cole et al., 1968) and children (Fraumeni & Li,
1969) in the USA prompted international
comparisons of incidence in these age groups.
Using data for the early 1960s, Correa and
O'Conor (1971) demonstrated an inverse
relationship for males. Populations, mainly in
developing countries, with high rates of
Hodgkin's disease in children (5-14 years) had
low rates in young adults (20-34 years). In
urban developed communities, the situation
was reversed. However, a recent analysis, based
on data for the 1980x, found no association
between Hodgkin's disease rates in children and
young adults (Macfarlane et at., 1995).

Age-specific incidence and sex ratio
Correa and O'Conor (1971) described different
patterns of age-specific incidence of Hodgkin's
disease in children in developed and developing
countries. Developed communities were
distinguished by very low incidence in the
youngest children followed by a pronounced
increase with age. In contrast, in developing
countries, the rates were higher in the younger
age groups and rose less steeply with age. These
distributions persist in more recent data. In
mainly white populations, in Europe, Australia
and the USA, very few cases occur in infants,
rates in those aged 1-4 years being between 1
and 2 per million. In the 5-9-year age group
incidence is in the range 3-6 per million and
rises to 8-14 per million in the 10-14-year age
group (de Nu11y Brown et at., 1989, Coebergh et
aI., 1991; Mosso et at., 1992; Blair & Birch, 1994а;
5ti11ex et al., 1995; Gurney et al., 1996a;
McWhirter et al., 1996). In central and south
America and in Asia, the age-incidence curves
differ from this pattern in two ways: (i) the large
increase in older children is not evident,
regardless of the overall level of incidence; and
(ii) in the areas with high overall incidence, rates
in children aged 1-9 years are much higher. For
example, in Sâо Paulo, Brazil, a registry with
high overall incidence, the rates in the 0, 1-4,
59 and 10-14 age groups are 0, 5.1, 10.8 and
12.3 per million respectively (Parkin et al.,
1988x). The comparable figures for Osaka, Japan,
a registry with low overall incidence, are 0, 0.3,
0.9 and 1.1 per million (Ajiki et aL, 1994). In
some series, there is a peak in the 5-9 age group
(Stiller & Parkin, 1990а).
Almost everywhere, males account for the
overwhelming majority of cases, with the male
excess around 2:1 in Europe arid the Americas
and 3.5:1 in Africa and Asia (Stiller & Parkin,
1990а). The sex ratio varies with age, at least in
developed countries. In Manchester, UK, the risk
for girls relative to boys was 0.27 (0.12-0.63) for
those aged 5-9 years and 0.47 (95% CI
0.20-0.73) for those 10-14 years (Blair & Birch,
1994a). This pattern is apparent elsewhere in
Europe and the USA (de Nully Brown et al., 1989;
Coebergh et aI., 1991; Mosso et al., 1992; Gurney
et ai., 1996а).

Ethnic origin
In the West Midlands area of England, during
1981-92, the incidence of Hodgkin's disease
among Asian children was twice as high as that
among white children (RR = 2.16; 95% CI
0.87-5.38) (Powell et aI., 1994). During the last
four years of the study period (1989-92), the
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incidence in central and south America (Parkin et
аl., 1988а). However, in Britain, no significant
difference in the frequency of Hodgkin's disease
between West Indian and white children was
found (Stiller et al., 199 la) (Table 2.2).
It has been suggested that the particularly low
incidence in east Asian populations is related to
a genetically determined resistance to Hodgkin's
disease (Stiller & Parkin, 1990a). In support of
this, the authors quote unpublished data from
the SEER program in the USA which shows that
in Chinese and Japanese persons of all ages, the
rate of Hodgkin's disease is less than one fifth of
.
that for whites.

relative risk was 5.04 (95% CI 1.2-20.8). Also in
Britain, Sh11er et al. (1991а) demonstrated
significant heterogeneity among ethnic groups
in the relative frequency of Hodgkin's disease
diagnosed from 1981. This was accounted for by
a two-fold raised risk among children of Asian
origin, mainly from the Indian sub-continent,
compared with white children (Table 2.2). The
excess of Hodgkin's disease among Asian
children was most pronounced for those aged
under five years (RR = 6.7), was substantial for
the 5-9-year age group (2.2) aid more modest for
older children (1.3). The histological sub-types of
Hodgkin's disease differed between the ethnic
groups. Of the Asian cases, almost 50% were
mixed ce11ularity and one third nodular sclerosis,
whereas half of the cases in white children were
nodular sclerosis and 25% mixed ce11ularity.
Many of the migrants to Britain from the
Indian sub-continent came from either the
Indian state of Gujarat, directly or via East Africa,
or the Punjab (Little & Nicoll, 1988). Based on
relative frequency data from Ahmedabad in
India and Karachi in Pakistan, Stiller and Parkin
(1990a) concluded that the incidence of
childhood Hodgkin's disease is likely to be high
in these regions. In addition, in western Asia, as
in most developing countries, the steep rise in
incidence during early adolescence does got
occur, and mixed cellularity is the dominant subtype. Hence, the results of the two studies with
regard to the overall excess of Hodgkin's disease
among Asian children, the age distribution and
histological sub-types of the cases provide
convincing evidence for an ethnic difference in
risk of Hodgkin's disease, which is unaffected by
migration and therefore suggestive of a genetic
component in the etiology.
There is little other evidence of substantial
ethnic variations in Hodgkin's disease (Breslow &
Langholz, 1983; Duncan et al., 1986; Spitz et а1.,
1986; Goodman et al., 1989). In the international
study of childhood cancer (Parkin et al., 1988а),
there were only relatively minor differences in
incidence between ethnic groups in the
populations for which these data were available
(Table 2.1). For example, in an area of high
incidence (Kuwait), among Kuwaiti natives and
non-Kuwaitis the rates were 10.3 and 9.8 per
million respectively; in an area of low incidence
(Singapore), the rates were 1.6 and 1.7 per
million for the Chinese and Malay populations
respectively.
Incidence was generally slightly lower in the
black populations in the ц5А than other ethnic
groups (Table 2.1) and the mainly black
population of Jamaica experienced the lowest

Socioeconomic status
It has long been suggested that socioeconomic
factors are involved in the causation. of
Hodgkin's disease (Correa & O'Conor, 1971) and
for adults, positive associations between risk and
markers of high socioeconomic status have been
reported (Grufferznan & DeIze11, 1984). However,
for children it has been suggested that the
converse could apply (Grufferman & Delze11,
1984). On the basis of the distinctive
geographical and age—incidence patterns in
developed and developing countries, an early
hypothesis postulated that risk of Hodgkin's
disease is closely related to both environmental
and economic circumstances (Correa & O'Conor,
1971), with poorer socioeconomic conditions
leading to an accelerated onset of the disease via
an infectious etiology (Gutensohn & Cole, 1977).
Despite these observations, there have been
relatively few studies which have considered
directly the relationship between Hodgkin's
disease in children and socioeconomic status.
In the West Midlands area of England, the
occupations of the fathers of 16% of Hodgkin's
cases diagnosed during 1972-86 fell into social
classes I and II compared with 21% of the
population as a whole (Parkes et al., 1994)
(Table 2.3). The deficit of cases in social classes
I and II was most pronounced for children
under 10 years. However, the entire analysis
included only 63 cases. The results of a
population-based case—control study in the
Boston area of the USA are consistent with this
finding (Gutensohn & Shapiro, 1982). In this
study, cases aged less than 10 years tended to be
of lower social class than their controls, as
assessed by median household income aid
occupation of the head of the household,
whereas cases aged 10-14 years did not differ in
these characteristics from their controls. The
study included 14 cases aged under 10 and 52
aged 10-14 years. In contrast, in an
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investigation of 486 cases of Hodgkin's disease
diagnosed in persons under 25 ii England and
Wales in 1984-88, Alexander et al. (1991с)
found a positive association between a
community-level indicator of socioeconomic
status for place of residence of the case at the
time of diagnosis aid disease risk. After
adjustment for urban—rural status and distance
from a built-up area, the risk for those resident
in areas of higher social class compared with
lower social class was 1.22 (95% CI 1.01-1.47).
Children accounted for 16% of the cases
(Cartwright et al., 1990) and were not analysed
separately. A case—control study in three regions
of England found no evidence of an association
between Hodgkin's disease in children and
paternal social class (Ickinney et al., 1987).

Time trends
Advances in immunohisto1ogica1 techniques
over the past two decades (Sklar & Costa, 1997)
are likely to have improved the diagnostic
accuracy for lymphomas. This, in conjunction
with changes in pathological criteria for
distinguishing Hodgkin's disease and nonHodgkin lymphorna (Banks, 1992) and the
development, and subsequent revision, of
lymphoma classifications (Jaffe et al., 1992),
renders the interpretation of time trends in the
various histological types of lymphomas
complex.
The results of investigations of temporal
variations in the incidence of Hodgkin's disease
are inconsistent. In a study of geographical
variations in childhood cancer, based on data
from the late 1950s to mid-1960x, upward trends
in Hodgkin's disease incidence were evident in
the former East Germany and the USA (Breslow
& Langholz, 1983). However, the latter finding
was attributed to improved case ascertainment.
In Connecticut, USA, a three-fold increase in
Hodgkin's disease from 1935 to 1979 in females
aged 10-14 years and males and females aged
15-19 years was demonstrated, which did not
appear to be an artefact of decreasing rates of
non-Hodgkin lymphoma (van Hoff et aI., 1988).
There were no notable trends in younger
children. In contrast, recent analyses of SEER
data from 1974-91 and Greater Delaware Valley
Paediatric Tumour Registry data for 1970-89
found no évidence of any appreciable trend in
Hodgkin's disease in children overall, in either
sex, or in any age group (Bunin et al., 1996;
Gurney et al., 1996а). This is consistent with
findings from the Netherlands (Coebergh et al.,
1991), Italy (Mosso et aI., 1992) and Japan (Ajiki
et a1., 1994).

In Queensland, Australia, McWhirter and
Petroeschevsky (1991) reported a significant fall
in Hodgkin's disease between 1973 and 1988;
rates of non-Hodgkin lymphoma rose
moderately over this time. Meanwhile, in
Victoria, Australia, increments in Hodgkin's
disease rates of 19% for boys and 39% for girls
were evident between 1970--79 and 1980-89
(Giles et al., 1995). However, cancer registration
became mandatory in this area in 1981, and this
may have increased completeness of
ascertainment.
Two studies in England have described a
gradual increase in incidence from the mid1950s to mid-1980s (Parkes et al., 1994; Blair &
Birch, 1994а). Age-standardized incidence rates
in the West Midlands rose by 40% over a thirtyyear period and the linear trend was of
borderline statistical significance (p = 0.06)
(Parkes et aI., 1994). In the north-west area, a
significant trend was found which was
compatible with a 10% increase every five years
(Blair & Birch, 1994а). This did not vary
substantially by sex or age and there was no
evidence of a secular pattern in non-Hodgkin
lymphoma.

Burkitt's Lymphoma
Geographical patterns
In parts of sub-Saharan Africa, Burkitt's
lymphoma is endemic. During the 1970s, in
some African series it accounted for up to 90% of
all lymphomas (Table 2.7) and was the most
frequently diagnosed childhood tumour. In the
north of the continent, it was also common but
less dominant, comprising 20-23% of
lymphomas in Morocco and Tunisia. In the
south, in Zimbabwe, only 124/0 of lymphomas
were of Burkitt's type. In the international study,
age-standardized incidence rates were available
for Nigeria (Ibadan) for 1960-69, Uganda
(Kampala) for 1968-82 and Zimbabwe
(Bulawayo) for 1963-77; these were 79.4, 7.3 and
1.2 per million respectively (Stiller & Parkin,
1990a).

The overwhelming importance of Burkitt's
lymphoma in tropical Africa has been well
documented (Parkin et al., 1985). The area of
highest risk appears to be between 10° north and
10° south of the equator. However, within that
region, the, frequency of the tumour can vary
substantially. For example, in Uganda, 90% of
lymphomas in the West Nile area were Burkitt's
type compared with 28% in Kampala (Table 2.7).
similarly, in a large histopathology series of 600
solid tumours in western Kenya in 1979-94,
Burkitt's accounted for 52% of neoplasms in

Descriptive ерideтiоIоgy

Geographical variations are apparent in the
primary sites at which Burkitt's lymphomas arise
(Stiller & Parkin, 1990а). In the high-risk areas,
the majority of cases occur in the head and neck.
Abdominal tumours predominate in the areas of
intermediate and low risk.

Nyanza province, 31% in the Western province
and 23% in the Rift Valley (Makata et aL, 1996).
Nyanza borders Lake Victoria and is hot and
moist tropical savannah, whereas the Rift Valley
is a semi-arid highland area. This exemplifies the
general pattern of Burkitt's lymphoma. It is less
common at high altitudes such as Rwanda,
Burundi, the Kenya highlands and the plateaux
of Zambia and Zimbabwe, and frequency appears
to be related to climatic conditions (Parkin et aL,

Age-sped f гc incidence and sex ratio
In equatorial Africa, most cases of Burkitt's
lymphoma occur in the 5-9-year age group
(Stiller & Parkin, 1990а). In Ibadan, Nigeria, the
age-specific incidence was 22.5 per million in
children aged under 5, 136.0 реr million at age
5-9 and 22.5 per Million at age 10-14 years. In
series in north Africa and western Asia, more
cases were aged 1-4 years than 5-9 years.
Everywhere, Burkitt's lymphoma occurs more
often in boys than girls (Stiller & Parkin, 1990а).
In the areas of moderate and high risk, the sex
ratio is between 1.5:1 and 2.5:1. The male excess
is more pronounced in areas of low risk.

1985).

Burkitt's lymphoma is also extremely common
in Papua New Guinea, where more than half of
ailymphOrnas are of this type (Table 2.7). In this
population, Epstein-Barr virus (EBV) infection is
endemic (Miller, 1990). Likewise, in equatorial
Africa, Burkitt's lymphoma is associated with the
presence of EBV infection and it has been
suggested that holo-endemic malaria acts syngergistically with EBV susceptibility to increase risk
of the tumour (see Chapter 7).
Stiller and Parkin (1990а) described a zone of
intermediate risk for Burkitt's lymphoma which
extends across north Africa and Asia as far west
as Iraq and the Kuwaiti population of Kuwait.
There is some suggestion that it may also extend
into European countries bordering on the
Mediterranean. In Sрaiп, during 1980--84, in the
national childhood cancer registry one quarter of
lymphomas were Burkitt's and in Zaragoza in
1973-82 and Valencia in 1983-90 the agestandardized incidence rates were 2.6 and 5.4 per
million, respectively (Parkin et аZ., 1988а; PensBonet et al., 1996). In the area covered by the
French Paediatric Registries (south-east France
and Corsica), the incidence was 3.7 per million
during 1983-85 and 6.1 during 1984-91 (Parkin
et cil., 1988а; Bernard et al., 1993a). These rates
fail within the range observed in the Middle East.
Whether risk is indeed higher in southern
Europe than elsewhere in the continent will be
able to be assessed when larger series accumulate
from other European cancer registries.
In most of northern and eastern Europe, the
incidence of Burkitt's lymphoma was between
0.1 and 1 per million (Parkin et aL, 1988а). The
exception was Denmark, where the rate was 2.8
per million in 1978-82 (Parkin et аI., 1988а) and
still appeared to be high in 1983-90 (European
Network of Cancer Registries, 1995). It is possible
that this may be due to international variations
in histopathological practice (Storm, personal
communication). In North America, Australia,
New Zealand and eastern Asia, Burkitt's
lymphoma is rare.

Time trends
Due to the difficulty in obtaining high-quality
cancer registration data and accurate population
counts in many parts of Africa and in developing
countries elsewhere, there is relatively little
information available with which to assess
temporal patterns in Burkitt's lymphoma in the
areas where the tumour is most common. In
addition, many of the longest data series which
have been reported derive from searches of
hospital records or case-finding activities in the
community, and the methods of ascertainment
have changed over time.
Miller (1990) suggested that the incidence of
the disease was decreasing in Uganda, Natal and
New Guinea as a result of malaria eradication
programs; however, no data were presented. In
the North Mara district of Tanzania, cases of
Burkitt's lymphoma during 1964-70 were
identified from hospital and cancer registry
records and from 1971 were sought by peripatetic
field scouts (Brubaker et aL, 1973; Geser et al.,
1989). The all-ages2 crude annual incidence rate
fluctuated between 2.6 and 6.9 per 100 000
during 1964-76, with an average of 4.2 per
100000. During 1977-83 incidence varied from
0.5 to 3.0 per 100000 (average 1.3) and during
1984-87 from 2.5 to 7.1 per 100000 (average 5.0).
A malaria suppression intervention trial operated
in the area from 1977-82 and it seems likely that
at least part of the reduced incidence in the
middle period can be attributed to distribution of
chloroquine (Geser et aI., 1989).

? Rates for childтen were not reported separately bUt Burkitts lymphoma is rare in persons older than 15 years.
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In the Merngo Districts of Uganda, the all-ages
crude annual incidence of Burkitt's lymphoma
fell from an average of 1.03 per 100 000 during

per million; sac Paulo, Brazil 17.6; Cuba 14.5).
However, elsewhere in the region the rates
ranged from 4.4 to 8.4 per million per annum.
In North America the incidence was typically
around 3.--7 per million, with the only
consistent feature being higher incidence
among white populations than black. In eastern
Asia and most of Europe, rates were between 2
and 9 per million. However, in the western part
of Asia, non-Hodgkin lymphoma appeared to be
more common. In Israel and Kuwait, the
incidence was at least 10 per million (Parkin et
a1., 1988а) and non-Hodgkin lymphoma
occurred relatively frequently in Iran and Turkey
(Stiller & Parkin, 1990а). This area of moderately
raised incidence in western Asia appears to
stretch westwards into the Mediterranean
countries of Europe and north Africa (Stiller &
Parkin, 1990а) and broadly coincides with the
zone of intermediate risk for Burkitt's
lymphoma. Incidence of non-Hodgkin
lymphoma in Zaragoza, Spain was 13.3 per
million and the south-east of France and Corsica
8.7. In Tunisia, where leukaemias are not
recorded, and Morocco, where they are, nonHodgkin lymphoma accounted for 11% and
15% of all childhood neoplasms, respectively.

1959-63 to 0.55 per 100 000 for 1964-68

(Morrow et aL, 1976). This did not seem to be an
artefact of less rigorous case ascertainment, as it
was believed that the overall level of
completeness of the Kampala Cancer Registry,
from which case details had been abstracted, had
improved. The authors observed that the amount
of chloroquine distributed through government
health facilities and private dispensaries had
increased greatly during the 1960s.
Among residents of Kyadondo, part of the
Mengo Districts, the age-standardized annual
incidence of Burkitt's lymphoma in children was
estimated to be 7.3 per тiшоп during 1968-82
(Stiller & Parkin, 1990а). Figures from the reestablished cancer registry indicate that the
incidence was 27.0 for boys and 21.1 for girls for
1989-91 (Wabinga et al., 1993). It was speculated
that this high incidence could be due to increased
prevalence and severity of malaria infection or a
consequence of the evolution of AIDS in Uganda
(Wabinga et al., 1993).
In the West Nile area of Uganda, there was no
evidence of a consistent trend, for either sex, in
the incidence of Burkitt's lymphoma for the three
periods 1961-65, 1966-70 and 1971-76 (Williams
et al., 1978; Siemiatycki et al., 1980). Data are not
available for more recent years.
Burkitt's lymphomas comprised three quarters
of lymphomas in children in Papua New Guinea
in 1967-71 (Wilkey, 1973). The comparable figure
for 1979-83 was 55%, but Jamrozik et al. (1988)
noted that cancer registration for 1979-83 was
incomplete.

Age-speci fгc incidence and sex ratio
Stiller arid Parkin (1990а) observed
considerable international variation in the
age—incidence curves for non-Hodgkin
lymphoma. Few cases occur in infants
anywhere. In the zone around the
Mediterranean and into western Asia, the
tumour appeared to be more common in
children below age 10 years than in older
children. In contrast, elsewhere the incidence
rates were higher in children aged 5-14 than
those aged 1-4 years.
The most consistent feature of the descriptive
epidemiology of non-Hodgkin lymphoma is the
marked male excess in incidence, with the sex
ratio typically 2:1 or 3:1 (Stiller & Parkin, 1990а;
Ajiki et al., 1994; Stiller et al., 1995; Gurney et
аl., 1996а).

Non-Hodgkin lymphoma
The comparison of incidence rates of
childhood non-Hodgkin lymphoma either
between populations or within populations over
time is complicated by the close relationship
between non-Hodgkin lymphoma and
leukaemia (Weinstein & Tarbell, 1997). In
addition, the earlier comments with regard to
the classification of lymphoma types are
relevant.

Ethnic origin
There is relatively little information on ethnic
patterns in non-Hodgkin lymphoma, and that
which is available suggests that there is no
substantial variation in risk among ethnic
groups. In the areas of elevated risk in the
Middle East, the relative risk for non-Jews
compared to Jews was 0.88 and for non-Kuwaitis
compared to Kuwaiti natives 1.31 (Table 2.1)
(Parkin et al., 1988а).

Geographical patterns
Although there was seven-fold variation in the
incidence of childhood non-Hodgkin
lyiuphoma reported world-wide during 1970-79
(Parkin et al., 1988а), few clear geographical
patterns could be discerned. The three most
extreme rates were observed in registries in
central and south America (Fortaleza, Brazil 17.8

42

Descriptive epidemiology

Powell et a1. (1994) found a 90% higher agestandardized rate of non-Hodgkin lymphoma
among children of Asian origin resident in the
West Midlands of England than white children,
but this result was not statistically significant. In
a larger study in Britain, there was no evidence
of different frequencies of non-Hodgkin
lymphomas (including Burkitt's and unspecified
lymphomas) among Asian, West Indian or white
children (Table 2.2) (Stiller et aI., 1991а).
In Japanese male children in Hawaii,
significantly fewer lymphomas of any type
other than Hodgkin's disease were observed
than would have been expected based on rates
in white children in SEER registries (Goodman et
а1., 1989). However, there was no reduced risk in
Japanese girls.
There is a tendency towards lower rates in
black US populations than white (Table 2.1).
This holds for boys and girls, but without
further evidence it is difficult to assess whether
this could be due to ethnic differences in
susceptibility, diagnostic bias, environmental
factors or chance.

in Queensland, Australia between 1973 and 1988.
Over that time, incidence of Hodgkin's disease fell
while rates of ALL remained stable. In Osaka
where, in the 1970s the incidence of non-Hodgkin
lymphoma was substantially higher than
elsewhere in Japan (Parkin et al., 1988а), the agestandardized incidence rose from 4.0 per million
in 1971-80 to 6.9 in 1981-88 (Ajiki et aI., 1994).
The rise was statistically significant for both sexes.
The rates of Hodgkin's disease were unchanged
while incidence of ALL rose, although not
significantly. Iп the Greater Delaware Valley area
in the USA, incidence of non-Hodgkin lymphoma
rose by an average of 2.9% per annum (95% CI
0.7-5.1) from 1970 to 1989 (Bunin et al., 1996).

The rates of other lymphomas and ALL did not
change. Bunin et al. (1996) considered that A1DS,
the effects of which account for part of the rising
incidence in adults (Devesa & Fears, 1992), was
unlikely to explain the temporal trend in
children.

Histiocytosis X
Based on the few series with reliable data,
histiocytoses X is estimated to comprise 3% of all
childhood cancers among white European
populations (Stiller & Parkin, 1990a). The annual
incidence is approximately 3 per million. Infants
experience the highest rates and З boys are
affected for every 2 girls.

Sосиоеwпоmiс status
Two overlapping ecological analyses of the
incidence of non-Hodgkin and unspecified
lymphomas in Britain during 1969-83 have been
carried out and are summarized in Table 2.3
(Draper et al., 199 la; Rodrigues et al., 1991).
Socioeconomic scores for County Districts for
Britain as a whole (Draper et aL, 1991а), and
census tracts for England and Wales (Rodrigues et
аl., 1991), were derived from census variables and
cases assigned to these according to their place of
residence at the time of diagnosis. Neither
analysis found any notable patterns in incidence
with socioeconomic level by age group, period of
diagnosis or in urban or rural areas.

Clustering of lymphomas in space and
time
Alexander et al. (199 la) analysed data on all
childhood lymphomas in the Yorkshire Health
Region, England, during the period 1974-86, using
the test of Barnes et al. (1987) for between-area
clustering, the local nearest neighbour area test
(Cliff & Ord, 1981), and the Cuzick—Edwards
method (Cuzick & Edwards, 1990). Evidence of
clustering was found by the former two
techniques, but not the third.
Several investigations of clustering in Hodgkin's
disease and Burkitt's lymphoma have been carried
out. These are summarized in Table 2.8.

Time trends
In most parts of the world where long series of
high quality cancer registration data are available,
the incidence of non-Hodgkin lymphoma in
adults has been increasing steadily for many years
(Coleman et аL, 1993). The situation for children
is less clear.
Investigations in the USA (van Hoff et al., 1988;
Gurney et al., 1996a), Italy (Mosso et al., 1992), the
Netherlands (Coebergh et al., 1991) and Britain
(Blair & Birch, 1994а) found no appreciable trend
in incidence overall or by sex or age group.
However, there have been three reports of
increasing incidence. McWhirter and
Petroeschevsky (1991) demonstrated a significant
linear trend for boys, but not girls, aged 0-12 years

Hodgkin's disease
In several analyses of Hodgkin's disease in which
statistical evaluations of space—time clustering
were made in populations unselected with regard
to prior observations of clustering, no separate
evaluation was made for the disease in children,
because such cases are rare (Alderson & Nayak,
1971, 1972; Kryscio et al., 1973). Data specific to
children were considered in three analyses. The
largest of these related to deaths in the USA in the
period 1960-64 (Fraumeni & Li, 1969). This
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In Malawi, the peak period for admission of cases
of Burkitt's lymphoma coincided with the end of
the wettest period of the year, late December to
March (van den Bosch et al., 1993а). There was
no difference in types of presentation at this time
that might have been attributable to delayed
referral of abdominal cases. There appeared to be
a chain of cases along the shore of Lake Malawi,
and the homes of cases were observed frequently
to be in the vicinity of marshy ground and rivers.
If the peak of admission were connected in some
way with the rain and humidity, a co-factor
associated with water might account for the
onset of endemic Burkitt's lymphoma after a very
short induction period. During the period of
study (1987-89), an epidemic of Chikungunya
fever, due to a mosquito-vectored arbovirus,
occurred in Malawi. The authors suggested that
this might have contributed to the observed
clustering of cases.

analysis could only detect large-scale clustering, as
the smallest unit of area was the state, and the
smallest unit of time was a year. No clustering was
detected. ln the other analyses, dustering was also
assessed in young adults and older adults.
Greenberg et ai. (1983) reported that there was no
significant clustering in children or at older ages,
but that there was significant clustering in the
16-45-year age group. By contrast, Mangoud еt'aI.
(1985) found clustering in children at critical
distances of <1 km and <721 days and detected
significant clustering for older adults but not for
the 15-44-year age group. The clustering in
children was attributable to three girls who lived
within 150 rn of each other and attended hospital
within 20 days of one another.
Burkitt's lymphoma
Strong evidence of temporo-spatial clustering
of Burkitt's lymphoma was found in the West
Nile district of Uganda during the period
1961-65 (Pike et a1., 1967). This was also
identified in subsequent re-analyses (Williams et
aI., 1978; 5iemiatycki et al., 1980). However, less
marked clustering was found in the period
1966-67 than in the earlier period (Williams et
aI., 1969) and no clustering was found when the
periods 1966-70 and 1971-75/6 were considered
(Williams et ai., 1978; Siemiаtycki et ai., 1980). It
is noteworthy that in the initial period 1961-65,
only 36 of a total of 51 cases ascertained were
included; the address and/or date of onset were
unknown for the remainder. 5easonal variation
in the diagnosis, but not onset, of Burkitt's
lymphoma in the West Nile district during the
period 1961-65 was reported (Pike et aI., 1967).
This seasonal variation in month of diagnosis
continued in the area during the period 1966-69
(Williams et al., 1974) and seasonal variation in
onset was reported in the Mengo Districts of
Uganda during the period 1959-68 (Morrow et
аI., 1976), but not in the Lango and Acholi
districts during the period 1963-68 (Morrow et
at., 1977). Greenberg and Shuster (1985)
interpreted these data as suggesting that
symptoms typically arise during the springtime,
with excesses of diagnoses during the summer.
They suggested the possibility that the observed
seasonality may be attributable to seasonal
variation in the access to care related to
constraints upon transportation to medical
facilities. Such a phenomenon would be likely to
affect the detection of clustering. Biggar and
Nkrumah (1979) attributed their finding of a
suggestion of spatial clustering at 40 km for all
time intervals considered, to the non-random
referral from interested physicians to hospitals.

Group III: Central nervous system
and miscellaneous intracranial and
intraspinal neoplasms
Tumours of the central nervous system (CNS)
are the second most frequent form of cancer in
children in most populations (Parkin et al.,
1988b). They comprise between 17% and 25% of
all neoplasms diagnosed in children in North
America, most of Europe, Australia and among
the non-Maori population of New Zealand
(Parkin et at., 1988a). Elsewhere in the Americas
and in Asia, with the exception of Israel (18%)
and Japan (20%), these tumours are less
common, accounting for 8-15% of registrations.
In most African populations during the 1970s,
CN5 tumours comprised a maximum of 5% of
neoplasms (Parkin et а1., 1988a). This finding is
repeated in more recent data from African
population-based and clinical series (Obafunwa
et al., 1992; Wabinga et al., 1993; Mukiibi et at.,
1995; Tijani et al., 1995; Makata et al., 1996). The
exceptions to this pattern are Zimbabwe
(Bulawayo) and Namibia, where the relative
frequencies were 18% during 1963-77 and 17%
during 1983-88 respectively (Parkin et aL, 1988а;
Wessels & Hesseling, 1996). In these two areas,
Burkitt's lymphomas were less common than
elsewhere in the continent.

Relative frequencies of histological
types of central nervous system
tumours
This group of neoplasms is composed of several
distinct histological entities. Ependymomas,
astrocytomas, medulloblastomas and other
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gliomas comprise the first four sub-categories. A
fifth sub-category refers to miscellaneous
intracranial and intraspinal rieoplasms, and
includes craniopharyngioma, meningioma and
pineal tumours. In some recent series, in
reflection of current pathological opinion
(Kleihues et al., 1993), the sub-category of medulloblastoma has been subsumed by primitive
neumectodermal turnouts (PNEТ)Э (5ti11еr et a1.,
1995; Gurney et al., 1996а). This modification is
consolidated in the new International
Classification of Childhood Cancer (Krаmâтоvâ

introduction of computerized tomography in the
1970s and magnetic resonance imaging iп the
1980x. These advances have the potential to
improve the completeness of ascertainment aid
the accuracy of cancer registration and,
therefore, to affect both the overall incidence
rate of this group of tumours and the incidences
of the individual tumour types. This technology
is unlikely to have become widely available и n
different populations simultaneously, and
therefore the effects on registration would have
occurred at different times. Thirdly, it can be
difficult to distinguish between malignant and
benign tumours in some cases (Marsdern, 1988).
Therefore, some benign tumours may have been
included in series of menirngiomas,
ependymomas and astrocytomas (Stiller &
Nectoux, 1994). The proportions of these benign
turnouts are likely to vary between registries.
Moreover, some registries, for example, the
Danish Cancer Registry, collect data on CNS
tumours which are explicitly stated to be benign
and these may be included in reported data (e.g.,
Stevens et al., 1991; lattis et al., 1993). Finally,
the histological classification of childhood brain
tumours has changed substantially over time
(He)demann et al., 1993) and continues to evolve
(Kramârovâ et al., 1996). The use 0f different classifications makes it difficult to compare the
results 0f studies.

et al., 1996).

It is difficult to draw firm conclusions on
whether there are variations between
populations or ethnic groups in the relative
frequencies of the different types of CNS tumour.
The large proportions of miscellaneous
neoplasms and, specifically, tumours of
unspecified type, in many series (Stiller &
Nectoux, 1994) mandates cautious interpretation
of the data. Of 494 CNS neoplasms diagnosed in
Scotland during 1975--90, which had undergone
thorough histo-pathological review, 9.9% were
ependymomas, 42.3% astrocytomas, 27.1%

medulloblastomas, 12.3% other gliomas and
8.3% miscellaneous neoplasms (Ickinney et al.,
1994). In series in the USA, France and Australia,
with at most 13% miscellaneous neoplasms, the
frequency of ependymomas was 10-16%,
astrocytomas 40-54%, medulloblastomas
19-24% and other gliomas 8-9% (Bernard et a1.,
1993а; Giles et al., 1995; Miller et al., 1995).
0f the miscellaneous group of neoplasms,
Stiller and Nectoux (1994) report that craniopharyngioma is most frequent, particularly in
Africa, where it accounts for 12% of CNS
tumours. In the 1970x, pineal tumours were
more common in Japan than other populations
(Ѕd11ex & Nectoux, 1994). This confirmed earlier
observations (Koide et al., 1980).

Geographical patterns
The combined annual age-standardized
incidence of CNS tumours in the three African
registries in the international study of childhood
cancer for which incidence could be computed
was 11.2 per million, the lowest rate worldwide
(Stiller & Nectoux, 1994). Rates of less than 20
per million were also observed in Chinese
populations, India, central and South America,
Canada and Germany during 1970--79 (Stiller &
Nectoux, 1994). The relatively low incidence in
Germany compared with the rest of western
Europe is probably due to under-reporting of
these turnouts in the national registry of
childhood tumours (Kaatsch et ai., 1995). Iп
Canada, the apparently low rate is likely to be
partly due to the fact that three registries in the
Atlantic provinces record only malignant CNS
neoplasms (Niminagadda et a1., 1988). Incidence
rates of between 20 and 30 per million were
reported in Japan, most of Europe, Australia,
New Zealand and the USA (St111er & Nectoux,
1994). The highest rates were observed in the
Nordic countries, where the combined incidence
was 31.4 per million (Stiller & Nectoux, 1994).

Factors pertinent to the interpretation
of geographical variations and time
trends
Until recently, few studies had considered the
epidemiological features of the different types of
CNS tumour. The interpretation of geographical
variations aid time trends in these tumours is
complicated by several factors. Firstly, in some
populations, neurosurgical services were still
scarce during the 19 70s (Stiller & Nectoux,
1994), which is likely to have resulted in underdiagnosis of brain tumours. Secondly, there have
been considerable advances in the technology
for the diagnosis of CNS tumours with the
3

Mеdullоblastomas сотрrisе the majority of РNEТ.
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In the countries of central and South America
and Asia, the annual incidence of ependymoma
was generally less than 2 per million (Parkin et
aL, 1988а). Rates between 2 and 4 per million
were observed in North America, Oceania and
most of Europe. In Denmark, Sweden, Finland,
the former East Germany and Slovenia, the
incidence was at least 4 per million.

More boys are affected with CN5 tumours than
girls in most populations. The sex ratio is
approximately 1.2:1 (Parkin et al., 1988а). The
ratio for astcocytoma is similar (Stiller &
Nectoux, 1994). A moderate male excess of
ependymoma is also evident: the sex ratio is
between 1.1:1 and 1.7:1 (Parkin et al., 1988а).
The data on meduloblastoma are consistent
with a sex ratio of 2:1 (Stiller & Nectoux, 1994).

Astrocytima

Ethnic origin

The lowest rates of astrocytoma were observed
in Hong Kong (2.5 per million) and Shanghai,
China (2.7) (Parkin et aL, 1988а). In other parts
of Asia, the incidence was always below 5 per
million, with the exception of the Jewish
population in Israel, in which the rate was 8 per
million. There was considerable variation in the
rates observed in central and South America,
ranging from 3.3 per million in Cuba to 9.2 in
Puerto Rico. The highest rates, in excess of 10
per million were observed in the white
populations of the USA, Australia, France and
the Nordic countries.

In Britain, two studies of childhood cancer
among ethnic groups in Britain have reported a
moderately lower risk of CNS tumours among
Asian children, most of whom originate from
the Indian sub-continent, than white children
(Table 2.2) (Stiller et al., 1991а; Powell et a1.,
1994). One further British study has suggested
that these tumours are relatively less common
among Asians than non-Asians (Muir et al.,
1992). However, the results were not statistically
significant in any of the three studies. Two of
the analyses were based on relative frequencies
(Stiller et al., 199 la; Muir et al., 1992) and, in the
other, it is likely that the Asian population was
underestimated (Powell et al., 1994). In
addition, one study was based on a large clinical
register in which children with CNS tumours are
known to be under-represented (Stiller et al.,
199 la) and the three study data-sets were not
independent (Powell et al., 1994). However, the
observed deficits of CNS among Asians in Britain
are consistent with the lower rates in the
countries of southern Asia than in the mainly
white populations of western Europe (Parkin et
аl., 1988a).
In New Mexico, during 1970-82, the relative
risk of a tumour of the CNS was 0.5 (95% CI
0.3-0.9) for Hispanic boys and 0.7 (0.4-1.2) for
Hispanic girls compared with white SEER
populations (Duncan et al., 1986). This is
probably due, in part, to the lower incidence of
glial neoplasms in the New Mexico population
than in US whites (Breslow & Langholz, 1983).
In 1973-77, the numbers of glial tumours and
medulloblastomas in Puerto Rico were 51% aid
75% lower than expected iii the basis of
incidence iп US whites (Breslow & Langholz,
1983). Comparison of the age-standardized
incidence rates among Hispanic and other white
children in Los Angeles yields rate ratios of 0.8
for both sexes (Parkin et al., 1988а). Again this is
consistent with the moderately lower rates in
central and South America than among whites
in the USA (Parkin et al., 1988а).
Also in the USA, the incidence of CNS tumours
in white populations is 22% higher than in black

EpendyTOTa

Medulloblastoma
This tumour has a similar geographical
distribution to those for ependymoma aid
astrocytoma. Rates of at least 5 per million were
seen in Oceania, North America, western and
northern Europe (Parkin et al., 1988а). In Asia
and central and South America, the incidence
was generally between 2 and 4 per million.

Age-specг fic incidence and sex ratio
In Europe, the USA and Japan, the incidence of
all CNS tumours in infants falls in the range 24
to 27 per million (de Nully Brown et al., 1989;
Mosso et al., 1992; Ajiki et al., 1994; Stiller et al.,
1995; Gurney et aI., 1996а). The rate is a little
higher for children aged 1-5 years (30-36 per
million) and declines slightly in older age
groups (26-34 for children aged 5-9 and 23-29
in the 10-14-year age group).
The age distributions of the main types of
tumour vary. In Scotland, during 1975--90, 8%
of ependymomas were diagnosed in infants,
51% in the 1-4-year age group, 10% in those
aged 5-9 and 31% in those aged 10-14
(Ickinney et al., 1994). The comparable figures
for asfrocytoma were 5%, 30%, 34% and 32%
and for medu11oblastoma were 3%, 29%, 40%
and 28%. This propensity of ependymomas to
оссur in younger children is demonstrated in
other series in Britain and the USA (Stеveпs et
aL, 1991; Blair & Birch, 1994b; Gurney et al.,
1996а).
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more likely than parents of control children to
have completed college or graduate school
(Kuijten et al., 1992). In contrast, in a
case—control study of brain tumours in Ontario,
Canada, parental high school education was
associated with a significant reduction in risk
(Howe et al., 1989). In addition, in two studies in
the USA, parents of cases tended to be less highly
educated than parents of controls (Wilkins &
Sinks, 1990; Norman et iL, 1996) and i another,
more cases than controls were from lowerincome households (Bunin et al., 1994b).
However, in these three studies, controls were
selected by random-digit dialling, which can
result in controls of higher socioeconomic status
relative to the source population than cases (see
Chapter 1). In a recent population-based
case—control study in Australia, increased risk
was also associated with longer parental
education, but the control mothers who were
interviewed were of a higher social class than
control mothers who were approached and
refused to participate (McCredie et al., 1994а).
Two further case—control studies, both with
controls selected from population registers,
found no significant association between years of
parental education aid risk of CNS tumours in
children (Nasca et iL, 1988; Cordier et al., 1994).
The potential contribution of socioeconomic
factors in the causation of these malignancies
remains to be clarified.

populations (26.4 per million for whites
compared with 21.7 for blacks) (Stiller &
Nectoux, 1994). For West Indian children in
Britain, the risk of CNS neoplasms was half of
that for white children (Table 2.2), although this
analysis included only four cases in West Indian
children (Stiller et al., 1991а). In African
populations for which incidence is available, the
rates are generally low (Parkin et al., 1988b;
Wabinga et al., 1993; Mukiibi et aL, 1995).
In summary, there is limited evidence of ethnic
variations in the risk of CNS tumours in children,
consistent with higher risk in white than in nonwhite populations. This conclusion, taken in
conjunction with observations of familial
aggregations of CNS tumours and their
occurrence in several genetically determined
disorders (Kuijten & Bunin, 1993; for further
comment, see Chapter 3), has led to speculation
that genetic predisposition may play a dominant
role iп the etiology of these neoplasms (Stiller &
Nectoux, 1994).

Socioecoпomic status
Socioeconomic status has been relatively little
studied with regard to childhood CNS tumours.
In Scotland, McKinney et al. (1994)
demonstrated a statistically significant inverse
trend in risk associated with residence in areas
with increasing levels of deprivation. The
incidence among those resident in the least
deprived areas was 37% higher than that for
those in the most deprived areas (Table 2.3). This
finding arose from an ecological analysis which
ascribed the characteristics of an area to
individuals resident within that area. The cases
analysed had been ascertained by cross-checking
cancer registry records with several other data
sources and had undergone rigorous validation.
It seems unlikely, therefore, that the association
was an artefact of differential levels of
ascertainment iп deprived and more affluent
areas. In addition, the comprehensive nature of
the National Health Service in the UK would
imply that the finding is unlikely to be a result of
diagnostic bias.
Results from two studies are iп accord with the
finding in Scotland. Basing socioeconomic status
on paternal occupation, as stated on the death
certificates of children dying from brain
neoplasms during 1959-63 and 1970--72 in
England and Wales, Sanders et aL (1981) reported
proportional mortality ratios of 137 and 130
associated with professional or managerial jobs
(Table 2.3). Both mothers and fathers of children
with astrocytoma participating in a case—control
study in New Jersey and Delaware, USA, were

Time trends
On the basis of data abstracted from the first
four volumes of Cancer Incidence in Five
Continents, Breslow and Langholz (1983)
observed that the incidence of brain and CNS
tumours had increased substantially over the
period from the late 1950s to mid-1970s in a
number of regions, but remarked that this could
reflect changes in pathological diagnosis or
reporting practices. An upward trend is evident
in more recent data in most series in Europe, the
USA, Japan and Australia (de Nu11y Brown, 1989;
Mosso et al., 1992; Ajiki et ai., 1994; Blair &
Birch, 1994b; Draper et al., 1994; McKinney et
al., 1994; Giles et al., 1995; Bunin et al., 1996;
Gurney et al., 1996a). In Britain, for example,
over the period 1962-91, significant increases in
CNS tumours were observed in all childhood age
groups. The estimated annual percentage
increase in incidence in infants was 2.1% and in
older age groups 0.6% (Draper et al., 1994).
However, the authors noted that the level of
ascertainment of childhood cancer had increased
over time. The situation reflects that for adult
brain tumours, the recorded incidence of which
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reached statistical significance. In contrast to the
finding of Bunin et al. (1996), in this data-set,
significant increases in astroglial tumours were
evident for both blacks and whites. Age- and sexspedfic analyses revealed annual increases in
astroglial tumours which were most pronounced
among children aged 3 and younger. Increases in
ependymorna were observed only for the 0-4year age group. It was suggested that the
disparate trends in PNET and astroglial tumours,
which are usually diagnosed with the same type
of imaging equipment, support the hypothesis
that factors other than changing diagnostic
practice are contributing to these trends (Gurney
et ai., 1996а). No explanations are obvious for
the different patterns among black and white
children.

is increasing worldwide (Desmeules et aI., 1992;
Coleman et al., 1993), in that it is not clear to
what extent the observed rises are an artefact of
diagnostic advances leading to improved
ascertainment.
In some areas of Britain, secular trends have
been investigated for specified tumours. The
average annual increase in all CNS neoplasms in
Scotland during 1975-90 was 2.6% (95% CI
0.3-4.9) (McKinney et al., 1994). Although this
trend was evident for the four main histological
types, it was statistically significant only for
medulloblastorna, which increased by 3.4% per
annum (0.3-6.6). This finding conflicts with a
report of declining rates of medulloblastoma in
the south-west and north of England: in these
regions incidence fell from 5.5 in 1976-84 to 2.8
in 1985-91 (p = 0.006) (Thorne et al., 1994). In a
detailed analysis of data from the Manchester
Children's Tumour Registry fоr the period
1954-88, significant increases were observed in
the incidence rates of medulloblastoma,
particularly for girls, astrocytoma of the juvenile
type for boys and a miscellaneous group of
intracranial and intraspinal neoplasms (Blair &
Birch, 1994b). There was no evidence of changes
in the incidence of ependymoma, astzocytoma of
the adult type, craniopharyngioma or
rneningioma, although some of these analyses
included relatively few cases (Blair & Birch,
1994b). The authors argued that divergent
temporal patterns between the sexes imply that
the observed increases in incidence cannot be
explained entirely by improved surgical or
radiological techniques.
In the Greater Delaware Valley area in the USA,
the incidence of all CNS tumours rose by 2.7%
per annum (95% CI 1.6-3.8) over the years 1970
to 1989 (Bunn et aL, 1996). Increases were
apparent in all three tumour sub-groups
considered, namely glioma, PNET/medulloblastoma and other tumours. However, when the
data were examined by ethic group, sex and
age, divergent trends became apparent. The
increases in glioma were limited to white males
(annual percentage change +3.6% (95% CI
1.7-5.5) and white females aged 0-4 years (+6.2%
(95% CI 2.8-9.9)). No change in incidence
among blacks was evident. For whites, the rate of
PNET/medulloblastoma increased by 4.3% per
annum (95% CI 1.8-6.8), while for blacks,
incidence fell by 4.6% per annum (95% CI -10.1,
1.1), In an analysis of SEER data for 1974-91, the
rates of PNET in blacks decreased by an average
of 2.8% per annum, while those for whites
showed little change (+0.8% per annum)
(Gurney et a2., 199ба). Neither of these results

Group 'V: sympathetic and allied
nervous system tumours
The category of sympathetic and nervous
system tumours encompasses neuroblastoma and
ganglioneuroblastoma aid other sympathetic
nervous system tumours. Neuroblastoma and gangioneuroblastoma account for at least 96% of
these tumours (de Nu11y Brown et al., 1989; Ajiki
et al., 1994; Miller et a1., 1995; 5ti11er et al., 1995).
In the only large series which has reported
neuroblastoma and ganglioneuroblastoma
separately (the USA SEER data-set for 1973 to
1987), neuroblastoma was five times as frequent
as ganglioneuroblastoma (Miller et al., 1995). The
majority of the other sympathetic nervous system
tumours are peripheral neuroectodermal tumours
(Stiller et a1., 1995).

Neuroblastoma
Neuroblastoma and gangioneuroblastorna
tend to be considered together under the
heading 'neuroblastoma'. Together they
constitute the most frequent individual type of
solid tumour and can occur at many sites in the
body. The most common primary site is the
adrenal gland (Green et al., 1997).

Geographical patterns
Between 6% and 10% of all tumours diagnosed
in children in Europe, North America and
Australia are nеыгоыaѕtоmaѕ (Parkin et al., 1988a).
Among most of the populations of eastern Asia,
with the exception of Japan, they occur somewhat
less frequently (Parkin et ai., 1988a; Ajiki et ai.,
1994; Nandakumar et al., 1996; sriamporn et al.,
1996). Several reports have suggested that
neuroblastoma is rare in most of tropical Africa
(Massabi et al., 1989; Lucas & Fischer, 1990; Miller,
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1989; Mukiibi et al., 1995; Obafunwa et al., 1992;
Tijani et al., 1995; Makata et al., 1996). However,
this finding should be interpreted with caution as
(i) reliable population-based incidence rates are
not available for most of these populations; (ii)
studies reporting relative frequencies of a
particular tumour are influenced by the
occurrence of other tumour types (in these series
the substantial contribution of Burkitt's
lymphoma); and (iii) difficulties can be
experienced with clinical diagnosis of
nernoblastoma (Aikhionbare et a1., 1988), a
problem exacerbated by the late stage diagnosis
and poor prognosis of most cases (Green et aL,
199 7) and leading, potentially, to underascertainment. In the three African series for
which incidence rates are available, the annual
age-standardized rate of neuroblastoma was 1.1
per million in Uganda (Kampala), 6.0 in Nigeria
(Ibadan) and 8.0 in Zimbabwe (Bulawayo) (Stiller
& Parkin, 1992). These figures pertained to the
time periods 1968-82, 1960-69 and 1963-77,
respectively, and were each based on fewer than
12 cases. Parkin et aI. (1988b) concluded that
while there did appear to be low incidence of
neuroblastoma in African populations, it was
impossible to determine whether this was of
etiological significance or a consequence of
diagnostic difficulties.
Elsewhere in the world, during the 1970x, rates
below б per million were reported by registries in
central America, among the Hispanic population
of Los Angeles and in parts of eastern Asia
(Parkin et al., 1988а). In most of western and
northern Europe and Australia the incidence
varied between 7 and 10 per million (Parkin et
al., 1988а). The rates in the black populations of
the USA and in Japan also fell in this range
(Stiller & Parkin, 1992). Rates in excess of 11 per
million were experienced by white populations
in the USA, Israeli Jews, New Zealand Maoris and
in France and Italy.

Data from the Manchester Children's Tumour
Registry suggest that during the 1950s significantly fewer boys than girls were diagnosed with
neuroblastoma (RR = 0.6, 95% CI 0.33-0.93)
whereas, by the 1980x, the situation had reversed
(RR = 1.3, 0.80-2.13) (Blair & Birch, 1994b).
Internationally, in the 1970s, the sex ratio of
boys to girls was around 1.3:1 (Parkin et al.,
1988а).

Ethnic origin
During the 1970x, the age-standardized
incidence of neuroblastoma among black
children in the USA was on average 26% lower
than that for white children (Table 2.1) (Stiller &
Parkin, 1992). This confirmed earlier reports of a
reduced risk in Afro-Americans (Breslow &
Langholz, 1983; Davis et al., 1987). However,
other evidence on ethnic variations in risk of
neuroblastoma is inconsistent. In the West
Midlands area of England, the tumour was
reported to be rare in children of Afro-Caribbean
extraction (Muir et al., 1990а). However, this
finding was not confirmed in a more
comprehensive study of childhood cancer and
ethnic group in Britain (Stiller et ai., 1991a). In
this analysis, summarized in Table 2.2,
neurоЫastоma was 1.8 times as frequent in
children of West Indian origin than white
children, although this result was based on only
8 cases among West Indian children and was not
statistically significant. In the same study there
was no difference in the relative frequencies of
neuroblastoma in Asian and white children.
In a combined group of non-white children in
the USA, including native American, Chinese,
Japanese, Filipino and Hawaiian children, the
incidence of neuroblastoma in children under
five years was 15.7 per million (9 cases),
compared with 24.2 (170 cases) in white
children (Davis et al., 1987). The observed
numbers of neuroblastomas diagnosed in New
Mexico during 1970-82 among non-Hispanic
white, Hispanic and American Indian children
were each lower than would have been expected
based on the incidence in white children
elsewhere in the USA, but again these analyses
included small numbers of cases (Duncan et ai.,
1986). In Hawaii, from 1960 to 1984, there were
na systematic differences in observed numbers
of sympathetic nervous system tumours in the
white, Japanese, Filipino, Hawaiian and Chinese
ethnic groups compared with numbers expected
based on the white SEER population (Goodman
et al., 1989). In conclusion, with the exception
of the suggestion of modestly lowered risk
among blacks in the USA compared with whites,

Age-specific incidence and sex rаtiо
Neuroblastoma is predominantly a tumour of
very young children. 80% of cases present in
children aged under five years, 15% in the 5-9
age group and 5% in those 10 and older (Stiller,
1993b). During the 1970x, in most populations,
the rate of neuroblastoma in infants under one
year was between 25 and 50 per million, in the
1-4-year age group was in the range 15-20 per
million, in the 5-9-year age group between 2-4
per million and in the 10-14-year age group 1-1.5
per million (Stiller & Parkin, 1992). In the 0-5year age group, the incidence is highest in infants
and declines steadily year on year (Stiller, 1993b).
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benign and may never have presented clinically
(Bessho et ai., 1991).
While bearing these comments in mind, there
is considerable evidence of a persistent increase
in the incidence of neuroblastoma, apparent
both in the longest data series and in data-sets
from the 1970s and 1980s. In an analysis of data
from the Connecticut Cancer Registry for the
period 1935-79, statistically significant increases
in the incidence of neuroblastoma in both boys
and girls aged under five years were found (van
Hoff et al., 1988). Incidence rose by an estimated
14% in boys (p<0.01) and 19% in girls (p<0.001)
per quiTiquennium. During 1935-39, 69% of ail
cancers in persons aged 0-19 years included in
the study were histologically confirmed; for
1940-44 this was 75% and for the remainder of
the study period, 90%. In Denmark, a review of
death certificates a nd hospital records was
conducted to ascertain definite or probable cases
of neuroblastomas occurring during 1943 to
1980 (Carlsen, 1986). Incidence rose steadily
throughout this period, accounted for solely by
an increase i children under five years arid
which was most pronounced in infants. The rate
in infants grew from 7.0 per million during

there is only very limited evidence of withinpopulation ethnic variations in risk of
neuroblastoma.

SоcioеСonorпn status
Studies in two locations have suggested that
neuroblastoma may be associated with lower
socioecoпоmic status (Table 2.3). In Denmark, a
lower crude incidence was observed among
children of self-employed parents (annual rate 4.2
per milцoп) than children of manual workers (6.5).
This relationship held for both infants and older
children (Carlsen, 1996). However, there was no
clear trend in incidence by socioeconomic group;
the incidence among children of salaried
employees was 8.8 per million (Carlsen, 1986). An
ecological analysis in the USA found a significant
inverse trend in incidence according to countylevel per capita income (Davis et al., 1987). These
associations, and the generally lower
socioeconomic position of the black population in
the цSА, led Stiller and Parkin (1992) to postulate
that, while blacks could have a weaker genetic
predisposition to neuгoblritomа, their low average
social class acts to increase risk and thus results in
rates among black US populations which are only
moderately lower than those for white
populations.

1946-50 to 18.2 in 1956-60, 33.0 in 1966-70 and

51.3 during 1976-80. Modelling of data from the
Manchester Children's Tumour Registry revealed
a continual increase in the incidence of
neuroblastoma during the period 1954-88 (Blair
& Birch, 1994b). This was apparent, and
statistically significant, only for girls and
represented a 17% increase in incidence per
quinquennium. In this registry, the
overwhelming majority of solid tumours
undergo panel review of pathological material to
optimize diagnostic accuracy (Birch, 1988).
Elsewhere in the USA and western Europe,
similar rises in incidence have been documented.
Bunin et al. (1996) demonstrated an annual
percentage increase in neuroblastoma of 1.9%
(95% CI 0.0-3.7) for the Greater Delaware Valley
area. In the SEER data-set, a significant average
annual percentage change in incidence of +3.1%
(95% CI 0.9-5.2) for infants during 1974 to 1991
was apparent (Gurney et aL, 1996а). However, in
the 1-2- and 2-3-year age groups, incidence fell
year upon year. In Sweden, significant increases
in both sexes for the 0-14-year age group were
found over the period 1958 to 1974 (Ericsson et
al., 1978). In Turin, Italy, a 49% increase in the
age-standardized incidence of neuroblastoma
between 1970-75 and 1976-81 aid a 14%
increase from 1976-81 to 1982-86 were
described (Mosso et al., 1992). Bernard et al.
(1993b) reported that the incidence of

Time trends
Information on the incidence of neuroblastoma
is available from the 1930s (van Hoff et al., 1988).
However, some of the older data for this tumour
should be interpreted with caution. Since
neuroblastomas occur at a number of primary
sites, accurate incidence figures can only be
obtained from series which are classified by
histology rather than anatomical site. It is likely
that the frequency with which tumours were
investigated histologically has changed over time.
Methods of diagnosis have improved (Marsden &
Steward, 1968) and classification of tumour types
has become more accurate (Stiller, 1993b). These
changes could have influenced the recorded
incidence of пешоblastoma. Iп addition, in Japan
experimental screening for neuroblastoma, based
on measuring urinary levels of catecholamine
metabolites in children at around six months of
age, started in the 19 70s and a national
programme was introduced in 1985 (Chamberlain,
1996). Population-based screening trials are
planned or under way ш North America and
Europe (Stiller, 1993b). Such screening, if effective,
would be expected to lead to an increase in the
disease incidence in infants, as a result of earlier
diagnosis. 1t has been suggested that some of the
tumours detected by screening are biologically
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neurоЬlastoma in south-east France during
1984-91 was 15.5 per million. This compared
with the incidence of 12.9 for the same registries
during 1983-85 (Parkin et al., 1988а). Comparing
neuroblastoma incidence for all England, Wales
and Scotland for the periods 1971-75 and
1986-90, Stiller (1993b) found a 26% increase for
children of all ages; among infants and children
aged 1-9 years the incidence rose by 36% and
among older children it fell by 70%. Longer-term
analysis of the British data suggests a pattern of
decreasing incidence for children born from
1962 to 1973, followed by a steady increase
(Draper et aL, 1994). No upward trend has been
observed in Australia (McWhirter &
Petroeschеvsky, 1991; Giles et al., 1995).
It is possible that the early increase in
neuroblastonia incidence could be, in part, an
artefact of improvements in diagnosis resulting
from the measurement of catecholamine levels.
However, the use of this technique was
widespread by the early 1970s (Marsden &
Steward, 1968) and cannot explain the increase
which has continued more recently. The patterns
observed in the SEER data, of a rising incidence
in infants in parallel with falling rates in children
aged 2-4 years, is consistent with a trend towards
earlier detection. But screening is not
systematically practised in the populations
contributing to this program (Woods et al.,
1996). Moreover, the observed association
between neuroblastoma and lower socioeconomic status (Car1sen, 1986, 1996; Davis et
аI., 1987) suggests that incidence should be
falling rather than rising in a time of improving
living standards (Stiller, 1993). To date, no
plausible explanation of the growing burden of
neuroblastoma has been proposed.

44% were hereditary (Draper et al., 1992). This
proportion agrees with those reported in other
studies (Higginson et al., 1992) and does not
appear to have changed over time.

Geographical patterns
The highest annual age-standardized incidence
rates of retinoblastoma, in excess of 7 per million
population, have been observed in the Fortaleza
area of Brazil, Nigeria (Ibadan) and Uganda
(Kampala) (Parkin et aL, 1988а). Data from the
1970s and more recent publications suggest that
the incidence tri most of Europe, North and South
America, Oceania and Asia falls in the range 3-6
per million (de Nu11y Brown et al., 1989; Drut et al.,
1990; Mosso etaL, 1992; Bernard et al., 1993а; Ajiki
ег аТ., 1994; Kaatsch et al., 1995; Miller etal., 1995;
Stiller et al., 1995; McWhirter et al., 1996;
Nandakumar et al., 1996; Sriamporn et al., 1996).
Rates below 3 per million have been reported in
China, Hungary, New York (both black and white
populations) and the Atlantic Provinces of Canada
(Parkin et al., 1988а).

Age-specific incidence and sex ratio
Retinoblastoma has the lowest median age of all
childhood malignancies (approximately 15
months) (Kaatsch et al., 1995) and bilateral cases
tend to be diagnosed at a younger age than
unilateral cases (Draper et a1., 1992). Incidence
peaks in the first year of life, at between 18 and 26
per million, and declines gradually with age
thereafter (de Nu11y Brown et al., 1989; Kaatsch et
a1., 1995; Stiller et al., 1995; Gurney et а2., 1996а;
McWhirter et al., 1996). The tumour is extremely
uncommon in children aged 10 and over. On the
basis. of data from the Manchester Children's
Tumour Registry, UK, for 1954-88, the relative risk
of retinoblastoma in those aged 1-4 years
compared with those under one year was 0.39
(95% CI 0.26-0.58), in those aged 5-9 years
compared with those under 1 was 0.03 (95% CI
0.01-0.07) and in those aged 10-14 years is 0 (Blair
b& Birch, 1994b). The male to female ratio
fluctuates around unity (Parkin et al., 1988а).

Group V: Retinoblastoma
In Europe, North America and Australia,
retinoblastoma accounts for 2-4% of neoplasms
in children (Parkin et аL,1988а). The relative
frequency is similar in Asia (Parkin et al., 1988а;
Ajiki et al., 1994; Narndakumar et aI., 1996;
Sriampom et al., 1996). In contrast, in African
population-based and clinical series, retinoblastoma represents 10--15% of tumours (Parkin
et al., 1988а; Mukübi et a1., 1995; Wessels &
Hesseling, 1996).
A substantial proportion of cases of
retinoblastoma is hereditary, arising through
germ-line mutations in tumour-suppressor genes
(see Chapter 3). From of a series of almost 1600
cases of retinoblastoma diagnosed in Britain
between 1962 and 1985, it was estimated that

Ethnic origin
The relative frequency of retinob1astoma is at
least as high among the black populations of the
United States as the white (Table 2.1), although
the tumour occurs less frequently in these black
populations than in Africa (Parkin et al., 1988а;
Milles et al., 1995). Analysis of data from the
SEER program in the United States for 1974 to
1991 indicated a slightly higher incidence of
retinoblastoma among black children than
white: the incidence rates (standardized to the
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frequencies of bilateral retinoblastoma described
in those registries in Asia which were included in
the international study of childhood cancer and
for which laterality was recorded for the majority
of cases (Parkin et al., 1988а).

US 1980 standard population) were 4.3 and 3.7
per million for black and white children,
respectively (Gurney et al., 1996а). However, in
the New York registry area there was little
difference in incidence among the black and
white populations (Parkin et al., 1988а). In a
nationwide study of 269 death certificates for
American children with retinoblastoma from
1960-67, the mortality rate for black children
was 2.2 times that for white children (Jensen &
Miller, 1971). However, it was impossible to
distinguish whether the excess of deaths among
black children reflected a greater risk of the
disease, or the same risk as experienced by white
children but increased mortality due to factors
related to diagnosis and/or therapy.
In a study conducted in the West Midlands
area of England, cases of retinoblastoma
diagnosed during 1982-92 were categorized by
ethnic group. The standardized rate ratio for the
group designated as Asian (of Indian, Pakistani or
Bangladeshi origin) compared with those
categorized as white was 2.14 (95% CI 0.77-5.90)
(Powell et a1., 1994). This analysis was based on 8
and 33 cases in the Asian and white groups
respectively. An investigation of childhood
cancer and ethnic group based on the data of the
UK Children's Cancer Study Group, which
includes two thirds of all childhood cancers
diagnosed in Britain since 1981, considered 196
children with retinoblastoma (Stiller et al.,
199 la). In the relative frequency analysis, the
relative risk of retinoblastoma of any type among
Asian (Indian sub-continent) children compared
with "Caucasians" was estimated to be 1.23
(Table 2.2), and the relative risk of unilateral
retinoblastoma was 1.86. Again the number of
Asian cases was small.
In combination, the results of these analyses
suggest a small increased risk of retinoblastoma
in the black population in the United States and
the Asian population in Britain.

Time trends
There is little evidence of any significant
change in the incidence of retinoblastoma over
time. Analyses of trends from 1954 to 1988 in
Britain showed no consistent temporal pattern
by year of diagnosis (Blair & Birch, 1994b). In
accord with this, Sanders et aI. (1988) found no
trend by year of birth in incidence in children
aged 0-4 years during 1962 to 1975 in Britain.
Similarly, data from Queensland and Victoria,
Australia (McWhirter & Petroeschevsky, 1991;
Giles et al., 1995) and the Turin Province, Italy
(Mosso et al., 1992) do not indicate any regular
time trends. In the USA, a rise in retinoblastoma
incidence from 1974 to 1991 has been described
(Gurney et al., 1996а). This was most
pronounced in infants aged under one year at
diagnosis (average annual percentage change
+5.4%). However, there was a concomitant fall
in incidence in children aged 1-2 years (average
annual percentage change —2.1%) The same
age-specific time trends have been observed in
data from 1970 to 1989 for the Greater
Delaware Valley Paedatric Tumour registry in
the USA (Bunin et al., 1996) and suggest that
the increasing incidence in infants is explained,
at least in part, by a shift towards earlier
diagnosis.

Group VI: Renal tumours
In most populations in Europe and Australia
and among white Americans, renal tumours
represent approximately 5-6% of all cancers
diagnosed in children (Parkin et al., 1988а). In
central and South America aid Asia, the
frequency is slightly lower (Parkin et al., 1988а;
Ajiki et aI., 1994; Sriamporn et aI., 1996). In
contrast, among US black populations and in
African case series, around 10% of tumours arise
in the kidney (Parkin et al., 1988а; Miller et al.,
1995; Obafunwa et al., 1995; Wessels &
Hesseling, 1996). In almost all populations, the
relative frequency in girls exceeds that in boys.
Wilms' tumour, or nephroblastoma, is an
embryonal malignancy which arises from
remnants of immature kidney. It comprises
approximately 95% of all renal neoplasms
(Kaatsch et al., 1995; Miller et al., 1995; Stiller et
aI., 1995). The remainder are renal carcinomas
and other and unspecified renal tumours.

Laterality
Ethnic differences in the frequencies of
unilateral and bilateral retinoblastoma are
apparent. In the series of cases in Britain, the
overwhelming majority of which would have
been in white children, 40% of rеtiпоыаstomas
occurred bilaterally and 90% of the hereditary
cases were bilateral (Draper et al., 1992). In two,
relatively small, African series in which laterality
was reported, no bilateral cases were observed
(Obafunwa et al., 1992; Tijani et al., 1995). In
addition, in the Asian population of Britain, less
than one quarter of cases were bilateral (Stiller et
аl., 1991а). This is consistent with the low
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Witms' tumour
Geographical patterns

groups, in that a greater proportion of cases in
east Asian populations present in infants than in
European or American series (Stiller & Parkin,
1990Ь). This is consistent with the observation
from the цЅ National Wilms' Tumour Study
(NWTS) that the median age at onset of cases iп
Asian American children is 24 months compared
with 37 months in white non-Hispanic children
(Breslow et al., 1993). In black children in the
NWTS, the median age at onset was 41 months
(Breslow et al., 1993). While Stiller and Parkin
(1990b) did not find any difference in age
distribution between the sexes, data from both
the NWТS (Breslow et aL, 1993) and the Brazilian
Wilms' Tumour study Group (Franco et al., 1991)
suggest that the age at diagnosis is slightly higher
for girls than boys (between 6-9 months later).
In most series in eastern Asia, there appeared to
be a modest male excess of cases, in a ratio of
1.4:1 (Stiller & Parkin, 1990b). Elsewhere, there is
little evidence of a consistent pattern in the ratio
of the incidence in boys to that in girls.

Wilms' tumour was originally proposed as an
'index tumour' of childhood which could serve to
gauge quality of case ascertainment on the
grounds that it was thought to have almost
constant incidence throughout the world (Innis,
1972). However, it is now clear that there is
considerable international variation in the
incidence of this neoplasm. During the 1970s, the
lowest annual rates, below 2 per million
population, occurred in Taipei, Taiwan and
Kanagawa, Japan (Parkin et a1., 1988а). Incidences
in the range 2-4 per million have been reported
for other east Asian and Indian registries in the
1970s and more recently (Parkin et aL, 1988а;
Ajiki et aL, 1994; Nandakumar et a1., 1996;
Sriamporn et al., 1996). The incidence among
Asian-Americans is also in this range (Breslow et
al., 1994). Intermediate incidence rates, varying
between б and 9 per million, have been observed
in the mainly white populations of Europe, North
and South America and Oceania (Parkin et al.,
1988а). The highest documented rates are among
the non-white population of Greater Delaware
Valley, USA (13.7 per million), the black
population of Los Angeles (11.8) and the SEER
black population (11.1).
Few population-based data are available for
Africa on which to base incidence calculations.
For the three registries for which incidence was
available in the international study of childhood
cancer, tumours classified as Wilms' were
considered together with renal tumours of
unspecified type on the basis that the majority of
this latter group were without histological
investigation and were likely to be Wilms'
tumour (Sti1ler & Parkin, 1990b). The combined
incidence in Nigeria (Ibadan) was 10.9 per
million, in Zimbabwe (Bulawayo) 8.3 and in
Uganda (Kampala) 7.9. It has been suggested that
incomplete case ascertainment may have led to
these latter two rates being underestimates (Stiller
& Parkin, 1 990b). However, they were still within
the upper third of the range of rates reported
worldwide.

Ethnic origin
Data from cancer registries suggest substantial
ethnic variations in the risk of Wilms' tumour.
Asians have a reduced risk and blacks an elevated
risk compared with whites (Table 2.1). In the large
study of childhood cancer among ethnic groups
in Britain, described in earlier sections and
summarized in Table 2.2, the relative risk of
Wilms' tumour for children of Asian origin
compared with "Caucasians", adjusted for centre,
age and sex, was 0.51 and the adjusted relative
risk for West Indian children compared with
whites was 2.55 (5ti11er et al., 1991а). Both of
these relative risks were statistically significant.
Although based on relatively few cases, the deficit
for Asian children was apparent in both the 0-4
and 5-9-year age groups. The excess among West
Indian children was most apparent in children
aged 5-9 years. These results, in conjunction with
the international disease rates, suggest that the
incidence of Wilms' tumour is unaffected by
migration and, therefore, genetic rather than
environmental factors are most significant in
determining risk. Some cases of Wilms' tumour
are known to be of genetic origin, arising either
as part of familial aggregations or in association
with congenital anomalies thought to have an
underlying genetic etiology (see Chapter 3).
However, these account for only a minority of
such tumours. Therefore, it would appear that
the variation by ethnic group may reflect
variation in genetic disposition rather than
variation in the incidence of Wilms' tumour
associated with specific genetic syndromes.

Age-specific incidence and sex ratio
In series in Europe aid the USA, the highest
rates of Wilms' tumour (between 12 and 20 per
million) are experienced by children under five
years old (Kaatsch et al., 1995; Stiller et al., 1995;
Gurney et al., 1996а). The incidence declines to
around 5-6 per million in children aged 5-9 years
and approximately 1 per million for those aged
10-14 years. There is some evidence of a
difference in age distribution between ethnic
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Group VII: Hepatic tumours

Laterality
Wilms' tumours may occur unilaterally or
bilaterally, but few population-based series have
reported proportions of these. In the SEER, Finnish,
British and Hungarian data, between 3% and 6% of
tumours for which latera1itq was known were
bilateral (Stiller & Parkin, 1990ti). These tumours
tended to occur earlier than unilateral Wilms'
tumours, a finding сопfirrnеd in analyses of the
USA and Brazilian clinical series (Franco et al., 1991;
Breslow et al., 1993). Iп addition, bilateral tumours
tend to occur in association with congenital
anomalies, including aniridia, hemihypertrophy,
cryptorchidism and Beckwith-Wiedemann
syndrome (Breslow et ai., 1993).

Although uncommon, hepatic tuтouтs
constitute a clearly defined group of childhood
neoplasms. The relative frequency of these
tumours ranges from 0.8% to 1.3% in Europe,
Australia and the USA (Parkin et aL, 1988а). In
Japan and Thailand, relative frequencies of
approximately 2.5% have been reported (Ajiki et
а1., 1994; Sviamporn et aL, 1996).
This group includes hepatoblastoma, hepatic
carcinoma and other and unspecified hepatic
tumours. In the full childhood age range (0-14
years), hepatoblastoma accounts for between
60% and 85% of liver neoplasms (de Nu11y Brown
et al., 1989; Australian Paediatric Cancer Registry,
1994). In infants and those aged 1.4 years,
hepatoblastoma is by far the most common
hepatic tumour; above that age hepatic
carcinoma occurs more frequently than
hepatoblastoma (Stiller et al., 1995).

Socioeconomic status
The one available investigation of renal tumours
and socioeconomic status categorized deaths in
England and Wales according to paternal
occupation as recorded on the child's death
certificate (Sanders et aL, 1981). The proportionate
mortality ratios for children whose fathers were
administrators, managers, professionals, technical
workers and artists compared with all occupations
were 116 in 1959-63 and 108 and 1970-72 (Table
2.3).

Geogтaphical patterns
During the period 1970-79, the highest annual
age-adjusted incidence rates of hepatic tumours,
around 4 per million, were observed in China
(Shanghai), Hong Kong, Taiwan (Taipei) and for
the Fijian population in Fiji (Parkin et al., 1988а).
In the Osaka and Miyagi registry areas of Japan
and among Singapore Chinese, the incidence was
approximately 3 per million. Childhood hepatic
tumour incidence rates in Europe, North
America, Australia and New Zealand were i the
range 1-2 per million (Parkin et aL, 1988а).
The incidence of hepatoblastoma appeared to
be relatively constant worldwide, with rates
between 0.5 and 1.5 per million (Parkin et al.,

Time trends
The only report of a marked change in the
incidence of Wilms' tumour originates from
Sweden (Ericsson et а1., 1978). Over the period
1958-74, the inddence rose significantly for the
0-14-year age group for both sexes. Results of
analyses in Britain (Blair & Birch, 1994b; Draper et
al., 1994), Australia (Giles et a1., 1995), the USA
(Bunin et al., 1996; Gurney et aI., 1996a) and Japan
(Ajiki et al., 1994), which covered periods during
1954 to 1991, found no evidence of any change in
the incidence over time.

1988b).

The populations with high or intermediate
rates of childhood hepatic tumours correspond to
those in which raised rates of adult hepatoce11ular
neoplasms have been recorded (Muir et al., 1987;
Parkin et al., 1992). The highest rates of liver
cancer in adults occur in sub-Saharan Africa
(Munoz & Bosch, 1987). This suggests that the
incidence of childhood hepatic tumours in these
areas is also likely to be relatively high. There are
few data available on this, although it has been
observed that hepatoce11ular carcinoma is more
frequent among children in sub-Saharan Africa
than hepatoblastoma (Parkin et aI., 1988b).

Rепа carcinoma
Renal carcinomas occur very rarely in children,
typically with an annual age-standardized
incidence of less than 0.2 per million population
(Parkin et al., 1988а). The largest combined group
of these tumours to have been analysed are the 153
recorded by the registries contributing to the
international study of childhood cancer (Stiller &
Parkin, 1990b). The pattern of renal carcinomas is
very different to that of Wilms' tumour. In the 0-9year age group, renal carcinomas were twice as
common in males as in females, but equal numbers
of each sex were affected in the 10-14 age group. At
each year of age until age 12, the numbers of cases
were fairly constant. A modest rise was evident at
ages 13 and 14 years.

Age-sped frc incidence and sex ratio
The incidence of hepatic tumours is highest in
children aged under 1 year. In Europe, Australia
and Japan, rates of between 5 and 7 per million
population have been described (de Nu11y Brown
et ai., 1989; Ajiki et al., 1994; Blair & Birch,
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1994b; Stiller et aL, 1995; McWhirter et al., 1996).
In those aged 1-4 years, the incidence is
somewhat lower (1 to 6 per million) and, for
older children, falls to less than 1 case per million
population.
Few registries report sufficient numbers of
hepatic tumours to estimate the male to female
incidence ratio with confidence. However, the
largest population series suggest a modest male
excess, with the ratio in the range 1.1 to 1.9
(Parkin et al., 1988а; de Nu11y Brown et al., 1989;
Kaatsch et aL, 1995; Stiller et al., 1995).

Ethnic origin
The series which disaggregate incidence by
ethnic group are summarized in Table 2.1 and do
not show any consistent pattern (Parkin et al.,
1988а).

Time trends
Relatively little information is available on
temporal trends in the incidence of tumours of
the liver in children. Data from the Danish
Cancer Registry suggest an increase in incidence
for both sexes between 1943-63 and 1964-84 (de
Nu11y Brown et al., 1989). The incidence rate for
boys rose from 1.0 to 1.9 per million over this
period and that for girls from 0.6 to 1.3 per
million. Increases in incidence are also apparent
in data from Manchester, UK, and the SEER
program (Parkin et a1., 1988а; Miller et aL, 1995).
In contrast, in Osaka, Japan, there was no change
in incidence between 1971-80 and 1981-88
(Ajiki et al., 1994).

Group VIII: Malignant bone tumours
The category of malignant tumours of the bone
includes osteosarcoma, chondrosarcoma, Ewing's
sarcoma and other aid unspecified malignant
bone tumours. Of these, osteosarcoma and
Ewing's sarcoma are the most common but
display rather different incidence patterns. For
this reason, they are described separately in this
section.
Bone tumours in their entirety comprise
around 5% of all cancers in childhood in
European and North American populations
(Parkin et al., 1988а). In Japan, Thailand, India
and China and central and South America, these
tumours appear to be somewhat less common,
accounting for between 2.5% and 4% of
malignancies (Parkin et al., 1988а; Di-tit et al.,
1990; Ajiki et al., 1994; Nandakumar et al., 1996;
Sriamporn et al., 1996). The highest relative
frequency which has been described is 16.3%, by
the Paediatric Cancer Registry of Australia for the

period 1982-91 (McWhirter et al., 1996). This was
the result of an unusually high occurrence of
Ewing's tumour.

Relative frequencies of bone tumour
sub-types
There are considerable international variations
in the percentages of the main types of bone
tumours. Of 639 bone tumours diagnosed in
England, Wales and Scotland from 1978 to 1987,
50% were osteosarcomas, 44% Ewing's sarcomas,
3% chondrosarcoma and 3% other types (Stiller
et al., 1995). Similar frequencies have been
observed in Denmark (de Nully Вхоwп et al.,
1989), in the western part of Germany (Kaatsch et
аТ., 1995) and in the white populations in the
U5A (Miller et al., 1995). In contrast, among the
black Us population, osteosarcoma predominates
and Ewing's tumour is rare, accounting for only
7% of malignancies (Miller et al., 1995). This
observation was first made by Fraumeni and
Glass (1970) following a review of death
certificates in the USA during the 1960x. The low
relative frequencies of Ewing's sarcoma in African
registries and hospital series are consistent with
this pattern (Parkin et al., 1988а, 1993b). Previous
analyses have also suggested that Ewing's
tumours are uncommon among Chinese and
Japanese (Li et a1., 1980; Bone Tumour
Committee of Japanese Orthopedic Association,
1982). More recent and extensive data confirm
this and, further, indicate that the tumour is also
rare in other parts of eastern and south-east Asia
(Parkin et al., 1993b). In addition, the frequencies
of Ewing's sarcoma also appear to be relatively
low in most Hispanic populations (Parkin et al.,
1988а). However, in two series, in Valencia, Spain
(Peris-Bonet et a1., 1996) and Australia
(McWhirter et ai., 1996), Ewing's sarcomas
comprise the majority of bone tumours. In both
analyses, thorough histological review of the
cases was conducted and the authors concluded
that the findings were unlikely to be due to misclassification of bone or other tumours.

Osteosarcoma

Geographical patterns
There is relatively modest geographical
variation in the incidence of osteosarcoma. In
the 1970x, and more recently, the annual agestandardized incidence rates of osteosarcoma
were between 1 and 2 per million in India,
Thailand, China, Hong Kong, Cuba, and
Hungary (Parkin et al., 1988а, 1993b;
Nandakumar et al., 1996; Sriamporn et al., 1996).
In most of Europe and white North American
populations, rates ranged from 2 to 3.5 per
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million (Parkin et al., 1988а). Rates of more than
3.5 per million were seen in US black
populations, Italy, Brazil, Germany, and Spain.

the arms, with 3% in the skull aid jaw and 3% in
the pelvis. There is little evidence of important
differences in sub-site distributions between the
sexes or across populations.

Age-specific incidence and sex ratio
Based on data from Britain and the USA, the
incidence of osteosarcoma is very low below the
age of five years, but increases steeply thereafter
reaching, typically, 2 per million in those aged
5-9 years and around 6-7 per million in the
10-14-year age group (Blair & Birch, 1994b;
Stiller et al., 1995; Gurney et a1., 1996a). The
incidence is similar between the sexes.

Ewing's sarcoma
Geographical patterns
The incidence of Ewing's sarcoma was less than
1 per million in eastern and south-east Asian
populations, including Chinese populations,
India, Thailand and Japan in the 1970s and more
recently (Parkin et al., 1993b; Ajiki et al., 1994;
Nandakumar et al. 1996; Sriamporn et al., 1996).
Similarly low rates have been observed in Africa
aid US blacks (Parkin et ai., 1993b). Intermediate
rates, in the range 1-2 per million have been
reported in Cuba, Puerto Rico and the Hispanic
population of Los Angeles (Parkin et al., 1993b).
In predominantly white populations, including
those in Canada, the USA, New Zealand nonMaoris and much of Europe, the rates were in the
range 2-3 per million (Parkin et aI., 1988а).

Ethnic origin
In Britain, osteosarcomas occurred at similar
frequencies among white, Asian and West Indian
children (Table 2.2) (Stiller et al., 1991а). These
analyses were based on small numbers of cases.
In the four US series which provide data by
ethnic group (Table 2.1), osteosarcomas were
more frequent among non-white than white
populations (Parkin et al., 1988а).

Age-specific incidence and sex ratio
The tumour is rare in those under five years and
incidence increases with age, but less markedly
than for osteosarcoma. In populations with the
highest 0-14-year age-standardized incidence,
the age-specific rate in those aged 5-9 years was
around 2 per million, rising to 4 per million for
those aged 10-14 years (Stiller et al., 1995;
Gurney et ai., 1996а; McWhirter et al., 1996). The
reported data are consistent with a slight male
excess of cases.

Time trends
Analysis of osteosarcomas and chondrosarcomas diagnosed from 1954 to 1988 in Manchester,
UK, provided no evidence of any secular trend in
incidence (Blair & Birch, 1994b). Similarly, no
consistent pattern was observed in Victoria,
Australia (Giles et ai., 1995), However, Bunin et al.
(1996) tentatively suggested that osteosarcoma
rates in white males were rising in Greater
Delaware, USA, while those in white females and
blacks were falling. However, small numbers of
cases were included in the analysis and the
annual percentage changes in rates did not reach
statistical significance. In a larger study, which
included 305 osteosarcomas registered with the
SEER program from 1974 to 1991, an annual
percentage increase of 2.4% (95% CI 0.3-4.7) in
incidence in the 0-14-year age group was found
(Gurney et aI., 1996а). The rise was most
pronounced in the 5-9-year age group and
among white childrén. In addition, the agestandardized incidence of osteosarcoma in Osaka
registry area, Japan, rose significantly from 1.5
per million during 1971-80 to 2.6 for 1981-88
(p<0.05).

Ethnic origin
The relative risks in black US populations
compared with whites range from 0.08 to 0.24
(Table 2.1). For Hispanics in Los Angeles, the risk
is 60% of that for whites. 1n Britain, there was no
difference in the risk of Ewing's sarcoma among
white and Asian children, but this analysis
included only 8 cases in Asian children (Table
2.2) (Stiller et ai., 199 la). Thus, the available
evidence on variation in the incidence of Swing's
tumour by ethnic group suggests a pattern
consistent with the distinctive geographical
distribution in risk. This would be compatible
with a genetic component in the etiology.

5keletаl sub-site distribution
81% of osteosarcomas arise in the long bones of
the leg (Parkin et ai., 1993b). This percentage
increases with age at diagnosis, consistent with
the postulated association between risk of
osteosarcoma and bone growth (Miller, 1981). A
further 12% of cases occur in the long bones of

Time trends
There is little evidence of any notable temporal
pattern in the incidence of Ewing's sarcoma. Two
studies suggest higher incidence during the
1980s than 1970s, but the observed increases
were not statistically significant (Ajiki et a1., 1994;
Giles et ai., 1995). In a further three studies, no
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significant trend was found (Blair & Birch, 1994b;
Bunin et a1., 1996; Gurney et aL, 1996а).

Soft-tissue sarcomas account for between 4%
and 8% of all childhood neoplasms in most
populations outside Africa (Parkin et al., 1988а).
The relative frequency of these tumours in
countries in eastern Asia and central and South
America tends be in the lower half of this range
(Parkin et al., 1988а; Ajiki et al., 1994;
Nandakumar et al., 1996; sriamporn et al., 1996).
In most African populations for which recent
data are available, soft tissue sarcomas are rather
more common, comprising between 8% and 16%
of tumours in children. This is, in 'part, a
consequence of the high frequencies of paediatric
Kaposi's sarcoma which have been observed in
regions of eastern and central Africa in particular
(Parkin et al., 1988а; Obafunwa et al., 1992;
Wabinga et al., 1993; Stiller & Parkin, 1994;
Chintu et al., 1995; Mukiibi et a1., 1995; Tijani et
al., 1995; Makata et a1., 1996; Wessels &
Hesseling, 1996).
Incidence rates were available for three African
registries in the international study of childhood
cancer. All three had rates which were in the
upper part of the range reported worldwide; these
were (a) Kampala, Uganda, 1968-82, 8.0 per
million, (b) Bulawayo, Zimbabwe, 1963-77, 8.6
and (c) rbadan, Nigeria, 1960-69, 8.7 (Parkin et
а1., 1988а). In the Uganda series, 47% of the cases
were rhabdomyosarcoma, 18% fibrisarcoma and
the majority of the others Kaposi's sarcoma. In
Zimbabwe, 20% of cases registered were rhabdomyosarcoma, 24% fibrosarcoma and 25%
Kaposi's sarcoma. In contrast, in Nigeria, 59%
were rhabdomyosarcoma, 20% fibrosarcoma and
22% other types, of which only one was a
Kaposi's sarcoma, perhaps a reflection of the fact
that this is an older data series (see Time trends).
Outside Africa, during the decade 1970-79, the
highest annual incidences of soft-tissue sarcomas
were observed in France, among the Hispanic and
other white populations of the USA and in Israeli
Jews. The rates in these populations were greater
than 8 per million (Parkin et al., 1988а). Rates in
the range 5--8 per million occurred elsewhere in
the Americas and Europe and in Oceania (5ti11er
& Parkin, 1994). In areas of China, India and
Japan, the incidence of soft-tissue sarcomas was
below 5 per million.

Skeletal sub-site distribution
Of Ewing's sarcoma, 39% and 17% arise in the
long bones of the leg and arm respectively, 18%
in the pelvis, 13% in the ribs, 5% in the spine,
4% in the skull and jaw and 4% iп the hand and
foot (Parkin et al., 1993b). With increasing age,
there is a relative decline in frequency of
tumours of the arm and skull with age aid an
increasing proportion of pelvic cancers. As for
osteosarcoma, the sub-site distribution varies
little between the sexes or geographically.

Chvndгоsarсoyraа
Chondrosarcoma is extremely rare and few
series contain sufficient cases to permit
conclusions to be drawn regarding its
descriptive epidemiology. Analysis of the
aggregated set of cases arising in the
international study suggests that the agestandardized incidence is between 0.1 and 0.4
per million and that 6% of cases occur in
children aged under five years at diagnosis, 18%
in children aged 5-9 and 76% in those aged
10--14 (Parkin etaL, 1993b).

Group IX: Soft-tissue sarcomas
The soft-tissue sarcoma group contains three
sub-categories: (a) rhabdomyosarcoma, embryonal
sarcoma and soft-tissue Ewing's tumour (together
commonly referred to under the heading rhabdomyosarcoma), (b) fibrosarcoma, neurofibrosarcoma and other malignant fibromatous
neoplasms (referred to as fibrosarcoma) and (c)
other and unspecified soft-tissue sarcoma. This
third category includes Kaposi's sarcoma and
such rare neoplasms as synovial sarcomas,
mesenchymoma and leiomyosarcoma. In two of
the largest population-based series of soft-tissue
sarcomas which have been reported, in the USA
(number of cases = 660; Miller et aL, 1995) and
Britain (n = 794; Stillгr et a1., 1995), the
percentages of rhabdomyosarcoma (category
(a)) were 51% and 67% respectively, of
fibrosarcoma (category (b)) were 24% and 14%
and of other and unspecified soft-tissue
sarcomas were 25% and 19%. Most of the data
relevant to the descriptive epidemiology of Softtissue sarcomas pertain to the entire group.
However, some series provide data on rhabdomyosarcomas separately. This section
therefore considers, firstly, all soft tissue
sarcomas and, secondly, the rhabdomyosarcoma sub-group.

Age-specz f с incidence and sex ratio
In Europe, Australia and Japan, the incidence of
soft-tissue sarcomas is highest in infants and is
typically in the range 11-17 per million (de Nu11y
Brown et al., 1989; Ajiki et al., 1994; Kaatsch et a1.,
1995; Stiller et al., 1995; McWhirter et al., 1996).
:1
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In the 1-4-year age group, incidence falls to 7-12
per million and is between 4-7 per million in the
5-9 and 10-14-year age groups. In most series,
more boys are affected than girls. The sex ratio of
the incidence rates varies between 1.1:1 and 1.8:1
(Parkin et aL, 1988а).

Statistically significant increases in the
incidence of all soft-tissue sarcomas have been
reported in Britain (Drapes et al., 1994), Itаlу
(Mosso et al., 1992) and Japan (Ajiki et al., 1994).
Draper et al. (1994) found rising rates in all age
groups other than infants over the period
1962-91. Annual increases of 1.9%, 1.6% and
1.6% were evident in the 1-4, 5-9 and 10-14-year
age groups respectively. In Turin, Italy, the 0-14year incidence rate of soft-tissue sarcomas rose
steadily from 6.7 per million in 196269 to 11.0
in 1982-86 (Mosso et al., 1992). In Osaka, Japan,
the age-standardized incidence rose from 4.1 in
1971-80 to 7.9 in 1981-88 (Ajiki et aI., 1994). Thé
rate was similar in the first period to rates
reported from other east Asian registries and in
the second period similar to rates in western
Europe and North America. The increases were
apparent for all three sub-categories of soft-tissue
sarcoma.

Ethnic variations
There are relatively few data available on ethnic
variations in the incidence of soft-tissue
sarcomas, probably because of the comparative
rarity of these neoplasms. In ai of the
populations which reported rates by ethnicity iп
the international childhood cancer study, other
than those in the USA, the rates for at least one
ethnic group are based on fewer than 10 cases
(Table 2.1) (Parkin et al., 1988а). In the USA, rates
were higher among white children than black
children for girls, but similar among white and
black children for boys (Sti11er & Parkin, 1994). In
addition, there is some evidence that the
distribution of sub-types differs among black and
white children: fibrosarcoma was more common
among black children than white (5ti11er &
Parkin, 1994).
Hispanic children have the highest incidence in
the USA; 10.2 per million in Los Angeles
Hispanics compared with 7.3 in Los Angeles
blacks (Parkin et al., 1988а). However, no excess
among Hispanics was found in a study in New
Mexico, but this included small numbers of cases
(Duncan et al., 1986). Similarlу, in a comparison
of incidence in several ethnic groups in Hawaii
with incidence among the white SEER
population, no significant differences were
detected (Goodman et al., 1989).

Rhabdomyosarcoma
The most common anatomical sites at which
rhabdomyosarcomas arise are in the head and
neck, in particular the orbit. They also occur at
intra-abdominal or genitourinary sites, in the
thorax or in soft tissue in the extremities (Green
etal., 1997).

Geographical patterns
The international pattern in rhabdomyosarcoma incidence is likely to be influenced to some
extent by the proportions of soft-tissue sarcomas
which are of unspecified type. This proportion
exceeds 10% in data from several populationbased registries (Stiller & Parkin, 1994) and it is
possible that if thorough histological
investigation of these unspecified tumours were
undertaken, a substantial proportion would
prove to be rhabdomyosarcomas. Therefore, the
incidence of this tumour may be under-reported
in some series. Of the series with under 10% of
unspecified tumours during 1970-79, incidence
rates of more than 5 per million were seen in
France and Australia. Elsewhere, the incidence
was generally between 2 and 5 per million. Rates
in the lower part of this range were observed in
most Asian registries, but several of these had
relatively high proportions of soft-tissue
sarcomas of unspecified type (Parkin et al.,

Time trends
The most striking temporal trends in soft-tissue
sarcomas relate to Kaposi's sarcoma in tropical
Africa. Uganda is one of the areas of Africa most
severely affected by AIDS and recent data from
the Kampala cancer registry suggest that Kaposi's
sarcoma accounted for 27% of all childhood
neoplasms during 1989-91 (Wabinga et al., 1993).
The age-standardized incidence in children, for
this period, was approximately 85 per million,
more than ten times higher than the rate in
1968-82. An increase in the burden of Kaposi's
sarcoma of a similar magnitude is apparent in
Zambia, where liV has been prevalent since
1983-84 (Chintu et al., 1995). Following review
of all histopathological records for children at the
University Teaching Hospital in Lusaka, an eightfold increase in the relative frequency of Kaposi's
sarcoma between 1980-82 (relative frequency
2.6%) and 1990-92 (19.5%) was described.

1988а).

Age-specific incidence and sex ratio
In western Europe and Australia, the highest
incidence of rhabdomyosarcoma occurs in the
1-4-year age group (Blair & Birch, 1994b; Kaatsch
et al., 1995; Stiller et al., 1995; McWhirter et al.,
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1996). In infants, the incidence is around 5-6 per
million, increasing to 7-9 per million in children
aged 1-4 years, and falling to 3-5 per million and
2-3 per million in the 5-9 and 10-14-year age
groups, respectively (Blair & Birch, 1994b;
Kaatsch et al., 1995; Stiller et al., 1995; McWhirter
et al., 1996). This age-specific peak is not
apparent in data from most registries in eastern
Asia (Parkin et aI., 1988а; Ajiki et al., 1994). In
these series, the incidence is highest in infants
and declines with age.
Data from Manchester, UK, show a relative risk
of rhabdomyosarcoma of 0.68 (95% CI
0.47-0.96) for girls compared with boys (Blair &
Birch, 1994b). This is consistent with the
moderate male excess of cases observed in most
other data-sets (Parkin et al., 1988а).

The evidence for temporal trends in incidence
of this tumour is inconsistent. Analyses in
England (Manchester) and the USA (Greater
Delaware Valley) found no evidence 0f changing
incidence (Blair & Birch, 1994b; Bunin et ciL,
1996). Iп contrast, Ajiki et al. (1994) described a
significant increase in the rate of rhabdomyosarcoma in Osaka, Japan from 1.9 per million in
1971-80 to 4.3 per million in 1981-88. There was
no decrease in the rate of soft-tissue sarcomas of
unspecified type. Modelling 0f the USA SEER data
for 1974 to 1991 revealed arr average annual
percentage change in incidence of }2.2% (95% CI
0.3-4.1) (Gurney et al., 199ба). This was most
pronounced in children under five years for
whom the average increase was 3.1% per annum
(0.2-6.1). The data also suggested an increase of a
similar magnitude among children 10-14 years
of age, but this was not statistically significant.

Ethnic variations
In a relative frequency analysis, summarized in
Table 2.2 and involving data from the UK
Children's Cancer Study Group, the risk of rhabdomyosarcoma among Asian children resident in
the UK was significantly lower than for white
children (RR = 0.44, p<0.05) (Stiller et al., 1991a).
The tumour was particularly infrequent in Asian
children aged under 10 years, although this was
based on 7 cases in Asian children under 10 years
and 316 in white children. In another study in
England, the ratio of the age-standardized
incidence rates of rhabdomyosarcoma in Asian
and white children was 0.37 (95% CI 0.15-0.95)
(Powell et aI., 1994). This analysis included 44
cases in white children and 2 in Asian children.
These findings of a lower risk in Asian than white
children accord with the international variations
in tumour incidence. In addition the suggestion
of a deficit of cases in children below 10 years of
age is consistent with the lack of a peak in
incidence in the 1-4-year age group in data from
Asian cancer registries. This evidence is
supportive of ethnic variations in the risk of
rhabdomyosarcoma which are unaffected by
migration.
In data from the Us registries, a similar
incidence of rhabdomyosarcoma among black
and white children was observed for boys (Stiller
& Parkin, 1994). Among girls, however, the
incidence for black children was half that among
white children. Iп the UK study of childhood
cancer and ethnic group, described above, there
was no difference in the relative frequencies of
rhabdomyosarcoma between white and West
Indian children (Table 2.2) (Stiller et aL, 1991а).
The results were not presented separately by sex.
Ni other studies of ethnicity and rhabdornyosarcoma are available.

Group X: Germ-cell, trophoblastic and
other gonadal neoplasms
Germ-cell, trophoblastic and other gonadal
neoplasms comprise a relatively rare but distinct
group of tumours occurring in children. They
account for 2-4% of all childhood tumours
(Parkin et al., 1988а). As germ cells are the
precursors of the sperm and egg cells of the
gonads, these tumours most commonly arise in
the testes and ovaries. However, they can also
arise at extragooadal sites. Of 159 non-gonadal
germ-cell tumours diagnosed in Britain during
1978-87, 55% presented at intracranial sites, 27%
in the pelvis, 9% in abdominal sites and 5% in
intrathoracic sites (Stiller et al., 1995).
This group includes four sub-categories of
tumours (a) non-gonadal germ-cell and
trophoblastic neoplasms, (b) gonadal germ-cell
and trophoblastic neoplasms, (c) gonadal
carcinoma and (d) other and unspecified
malignant gonadal tumours. There are
considerable international variations in the ratio
of gonadal to non-gonadal germ-cell tumours,
although, in most series, gonadal turnouts are
more frequent than non-gonadal (Parkin et al.,
1988x). In two large series in Britain (n = 385) and
the USA (n = 299) combined, 54% were gonadal
germ-cell tumours, 41% non-gonadal germ-cell
tumours, 2.5% gonadal carcinomas and 2.8%
other and unspecified types (Miller et al., 1995;
Stiller et a2., 1995).

Geographical patterns
During the decade 1970-79, in most
population-based series, the annual age-adjusted
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on only 9 cases in Asian children and 27 in
whites, this result was statistically significant at
the 5% level. It is consistent with an earlier
finding by Stiller et al. (1991b) of a two-fold
higher frequency of germ-cell tumours in Asian
children across Britain compared with white
children (Table 2.2).

incidence of germ-cell and gonadal tumours
varied between 2 and 5 per million (Parkin et al.,
1988а). In a few populations, rates exceeding 5
per million were reported. The Maori population
of New Zealand had the highest incidence at 8.8
per million, followed by rates of бА and 6.3 in
two Japanese registries (Osaka and Miyagi
respectively) and 5.6 among Los Angeles
Hispanics. Rates of less than 2 per million were
observed in Cuba, Bombay and the former West
Germany. Both the raised and lowered rates were
accounted for by the incidence of tumours of
gonadal origin. World-wide the incidence of nongonadal germ-cell tumours was fairly uniform,
with rates lying in the range 1-2 per million.

Time trends
In the north-west of England, between 1954
and 1978 a significant increase in the annual
incidence of malignant germ-cell turnours (from
1 to 4 per million) was observed (Birch et al.,
1982). More recent data for that area show that
this trend has continued into the 1980s and
appears to be due to rising rates of gonadal
tumours (Blair & Birch, 1994b). A study in the
West Midlands region of England demonstrated
a doubling in the incidence of malignant germcell tumours between 1957-74 and 1975-92
(Muir et al., 1995). It was thought unlikely that
this was due to increased ascertainment.
Analysis of data from the National Registry of
Childhood Tumours, which covers all of Britain,
confirmed these trends at the national level
(Mann & 5thier, 1994). In the periods 1962-76
and 1977-91, the age-standardized rate of
malignant germ-cell tumours at all extra-cranial
sites rose from 1.9 to 2.8 per million per annum
for boys and from 2.2 to 2.8 for girls. For gonadal
germ-cell turnouts, the incidence increased from
1.5 to 2.2 for boys and from 1.3 to 1.5 for girls.
Further analysis of this data-set by age revealed
that the annual increase in incidence was
statistically significant for the 1-4-year age
group (annual percentage increase: boys 2.1%;
girls 3.9%) (Draper et al., 1994).
In Australia, in both sexes, the incidence of
germ-cell and other gonadal tumours rose by
more than 50% between 1970-79 and 1980-89
(Giles et al., 1995). A rise of similar magnitude
was detected in Osaka, Japan between 1971-80
and 1981-88 and was due to increasing rates of
non-gonadal tumours (Ajiki et al., 1994). Gurney
et ai. (199ба) described an average annual
percentage change in the incidence of germ-cell
tumours of +2.2% (95% CI 0.2-4.2) in the SEER
data-set over the period 1974-91. This increase
was most evident in females aged 0-4 years
(+10.2%; 4.5-16.1) and males aged 10-14 years
(+7.2%; 1.2-13.6). In contrast, however, no
evidence of rising rates of gonadal tumours was
found in Greater Delaware Valley, USA between
1970 and 1989 (Buniri et al., 1996).
These results can be viewed against the
background of the temporal trends in adult
testicular and ovarian cancers. Almost universal

Age-specific incidence and sex ratio
In a series of 368 germ-cell tumours from the
SEER program, Gurney et al. (1996а) reported
rates of 5.5 per million in the 0-4-year age
group, 2.0 per million in children aged 5-9 and
4.7 per million in those aged 10-14 years.
Similar incidence rates have been described
elsewhere (Parkin et al., 1988а; Stiller et aL,
1995).

In Britain, 47% of non-gonadal tumours were
diagnosed in children under five years, 16% in
those 5-9 years and 37% in those 10-14 years
(Stillex et al., 1995). For gonadal tumours, there
is some evidence that the age distributions vary
by sex. 85% of gonadal tumours in boys
occurred in the 0-4-year age group, whereas 74%
in girls occurred in the 10-14-year group (Stiller
et al., 1995). In other series a similar pattern
emerges (Parkin et aI., 1988а; de Nully Brown et
al., 1989; Blair & Birch, 1994b). However, it
should be noted that these findings are based on
small numbers of cases in the age-sex categories.
Iп most data-sets, the sex ratio of the incidence
of germ-cell and gonadal tumours is around
unity. In the populations with the highest rates,
however, a male excess of cases is apparent
(Parkin et aI., 1988а; Ajiki et al., 1994). When
gonadal germ-cell neoplasms are considered
separately, more males are affected than females,
the sex ratio being between 1.1:1 and 1.8:1
(Parkin et aL, 1988а; de Nu11y Brown et al., 1989;
Blair & Birch, 1994b; Stiller et al., 1995).

Ethnic origin
There has been little investigation of ethnic
variations in the incidence of germ-cell tumours,
no doubt due to their rarity. Iп a study in the
West Midlands of England, the ratio of the
incidence of germ-cell tumours in Asian children
compared with white children was 3.29 (95% CI
1.06-10.2) (Powell et al., 1994). Although based
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increases in the incidence of testicular tumours
in adults have been observed (Coleman et aL,
1993). Although the pattern for adult ovarian
cancer is more complex, rates are rising in parts
of North America and Asia (Coleman et al., 1993)
and increasing incidence of ovarian teratomas in
women aged 0-44 years born between 1935 and
1969 in England and Wales has been reported
(dos Santos Silva & Swerdlow, 1991). It has been
suggested that some of the risk factors implicated
in the trends in these adult tumours may also be
involved in the childhood neoplasms (Mann &
Stiller, 1994).

the Scandinavian countries and in Turin, Italy,
for Jews in Israel and non-Kuwaitis in Kuwait.
Elsewhere, the rates were below 1 per million.
The incidence 0f cancers of the thyroid
increases with age in both sexes. In a populationbased series of 154 thyroid carcinomas in
England and Wales, which have been
investigated in detail, 72% were diagnosed in
children aged 10-14 years (Harach & Williams,
1995). The tumour is much more common
among girls than boys and the sex ratio varies
with age (Stiller, 1994). For example, in the series
in England and Wales, in children under 10 years
the ratio of male to female cases was 0.8:1; while
in the 10-14-year age group it was 0.3:1 (Harach
& Williams, 1995).
In England and Wales, the number of
registrations of thyroid carcinoma rose in each
decade during 1963 to 1992 (Harach & Williams,
1995). This was attributed to the introduction,
from 1976, of screening for familial medullary
thyroid carcinoma.
In Belarus, which experienced high levels of
radioactive fallout from the accident at the
Chernobyl nuclear reactor in 1986, dramatic
increases in the frequency of childhood thyroid
cancers have been reported from 1990; incidence
reached 80 per million in 1991-2 (Baverstock et
al., 1992; Kazakov et al., 1992). However,
intensive surveillance for thyroid cancer began in
the area only in 1990 and it is not clear how
many of the tumours might never have been
detected otherwise, particularly as occult
papillary carcinomas may be present without
symptoms for many years (Bera1 & Reeves, 1992;
see Chapter 4 for further comment).

Gonadal carcinomas
The largest series of these very rare tumours for
which the descriptive epidemiology has been
considered are those recorded by registries
participating in the international childhood
cancer study (Parkin et al., 1988a). On the basis of
these data, Stiller (1994) noted that these
tumours are at least twice as common among
girls as among boys; the age-standardized rate is
well below 1 per million for each sex.

Group XI: Carcinomas and other
malignant epithelial neoplasms
Epithelial tumours account for the great
majority of malignant disease in adults. In
children, however, they are rare, particularly so at
the sites which dominate in adults (i.e., lung,
breast, stomach and bowel). Childhood
carcinomas tend to occur in the adrenal cortex,
thyroid, nasopharynx and skin (including
melanoma). A few are gonadal or arise in the
kidney or liver; these are discussed in earlier
sections (Groups VI, VII, X).

Nasopharyngeal carcinoma
Although rare, nasopharyngea1 carcinoma has a
distinctive geographical and ethnic distribution.
It is generally infrequent in the predominantly
white populations of Europe, North America and
Oceania, where the incidence rarely exceeded 0.4
per million per annum in the 1970ѕ (Parkin et a1.,
1988а). In the area covered by the Paediatric
Registries of France (the south-east and Corsica),
the incidence was relatively high (0.7 per
million), which has been attributed to the fact
that 10% of the population are of north African
extraction (Bernard et al., 1993а). Iп the USA, the
rate experienced by blacks was 1.1 per million, 11
times that for whites (Stiller, 1994), confirming
an earlier observation based on mortality data
(Greene etaL, 1977).
Based on data for the 1970s and more recent
publications, in Chinese populations, and in the
Philippines, Thailand aid India, the incidence

Adrenocortica1 carcinoma
Carcinomas of the adrenal cortex have an
annual incidence of less than 0.5 per million in
all populations with the exception of Sâo Paulo,
Brazil, where the rate is 1.5 per million (Parkin et
аl., 1988а). The tumour appears to be particularly
uncommon in Asia. The majority of cases present
in children aged less than five years (Stiller,
1994). Overall, three girls are affected for every
two boys.

Thyroid carcinoma
In the USA during the 1970s, the agestandardized incidence rates of thyroid
carcinoma were relatively high; among whites
the annual rate was 1.3 per million, among
blacks 0.9 and among Hispanics 1.4 (Stiller,
1994). The incidence was of similar magnitude in
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was 0.6-0.8 per million (Stiller, 1994;
Naпdakumат et aL, 1996; Sriamporn et al., 1996).
The tumour appeared to be at least as common
elsewhere in eastern Asia, with the exception of
Japan. Reliable incidence rates are not available
for most of Africa, but cancers of the
nasopharynx seem to be seldom diagnosed south
of the Sahara. They were particularly frequent in
Tunisia and Sudan, accounting for 7-15% of all
childhood neoplasms. This area of high risk
appears to extend across north Africa and into
western Asia (Stiller, 1994).
Among adults, rates of nasopharyngeal cancer
are moderately raised in north Africa, with higher
incidence in south-east Asia and the most
extreme risk in populations of southern Chinese
origin (Higginson et al., 1992). Reasons for the
differences in the geographical distributions of
this tumour between children and adults are not

In two regions of England, the incidence of
childhood carcinomas more than doubled over a
thirty-year period (Birch & Blair, 1988; AlSheyyab et al., 1993). Iп an update of the earlier
of these reports, Blair and Birch (1994Ь) described
significant increases in the incidence of skin
neoplasms (carcinomas and melanomas
combined) and epithelial tumours except skin
over the period 1954-88. However, these analyses
were based on small numbers of cases, with only
9 skin and 11 other epithelial neoplasms
diagnosed in the most recent quinquennium. In
the Netherlands also, a doubling of carcinomas
was observed between 1958-72 and 1983-92
(Coebergh et al., 1995), but it was not reported
whether this was due to any particular tumour. It
is noteworthy that registration in the earlier
period was believed to be incomplete. In
contrast, in both Denmark (de Nu11y Brown et al.,
1989) and Italy (Mosso et al., 1992) rates 0f
carcinomas appear to have decreased over time.

dear.

Few nasopharycgeal carcinomas occur in
children under 10 years of age. In the areas of
north Africa and Asia where the tumour is most
common (Stiller, 1994), approximately 85% of
cases are iп children aged 10-14 years. In virtually
all populations, the incidence among boys
exceeds that among girls (Parkin et al., 1988а).

Clustering of malignancies other than
leukaemia or lymphoma in space and
time
Studies of clustering of childhood cancer other
than leukaemia are summarized in Table 2.8. In
all but two of the studies (that of Suckling et a1.
(1982) relating to retinoblastoma, in which
spatial and temporal clustering were assessed
separately, and that of Grirnson et al. (1992)
relating to rhabdoinyosarcoma, in which
temporal clustering was assessed), the analysis
related to temporo-spatial clustering. None of the
more recently developed techniques of
investigating spatial clustering, whose
application to studies of childhood leukaemia
and non-Hodgkin lymphoma was described in
earlier sections, has been used.
In the two studies in which temporo-spatial
clustering of different types of childhood cancer
combined was assessed, some clustering was
identified which was similar to that also
identified for leukaemia in the same areas and
time periods (Pinkel et al., 1963; Morris, 1990). A
possible interpretation is that the results are
attributable to uneven distribution of the general
population of children with respect to time and
space. It is interesting that in the analysis of
Pinkel et а1. (1963), no clustering was identified
when pairs formed by traffic fatalities, or by one
traffic fatality arid one case of cancer, were
considered.
With the exception of three investigations
(Suckling et ai., 1982; Greenberg, 1983; Grimson

Melanoma
During the 1970x, exceptionally high rates of
melanoma in children were reported in New
South Wales, Australia (4.6 per million) and
among the non-Maori population of New
Zealand (3.7 per million) (Parkin et aL, 1988а).
During the nine years from 1973 to 1981, only
three cases 0f melanoma were diagnosed in
children resident in Queensland, Australia
(Parkin et ai., 1988а). In the following ten years,
63 melanomas occurred (McWhirter et al., 1996),
giving a crude annual incidence of 10 per million
in 1982-91 compared with 0.6 per million in
1973-81. The incidence in Queensland children
in 1982-91 was twice that of Australia as a whole,
reflecting the pattern of adult melanomas
(McWhirter et al., 1996). No rise was seen in New
South Wales.
During 1970-79, in other series comprising at
least 10 cases (mainly white populations in North
America and Europe and Israeli Jews), the
incidence varied from 0.9 to 1.8 per million.
The incidence of melanoma increases with age
(Stiller et al., 1995). In Australia, 6% of cases
diagnosed from 1977 to 1986 were aged under
five years at diagnosis, 14% aged 5-9 and 79%
aged 10-14 (Australian Paediatric Cancer Registry,
1994). The sex ratio is around unity (Parkin et al.,
1988а).
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et al., 1992), ai of the studies have been based on
death certificates in the USA during the early to
mid-1960s. The unit of time considered in each
has been one year, and the unit of area either the
state (n = 51) or division (n = 9). No clustering
was identified in any of the studies except iп that
related to bone cancer, in which some clustering
of osteogenic sarcoma was identified in the West
North Central Division, aid of Ewirsg's sarcoma
in the Pacific Division (Glass & Fraumeni, 1970).
However, these authors consider that the deaths
were rather widely scattered in space and seemed
unrelated to one another.

Conclusions
In early studies, it was difficult to exclude the
possibility that geographical variation in incidence
of childhood cancer was attributable to differences
in completeness of ascertainment. Moreover, for
some tumours, such as neuroblastoma, it was not
possible to determine incidence accurately since
data were available only by anatomical site. From
the data accumulated in the international study of
childhood cancer in the 1970s (Parkin et ai., 1988а)
and more recently, it is now clear that there is
approximately two- to five-fold variation in the
incidence of virtually all types of childhood cancer.
Exceptions to this are osteosarcoma,
hepatoblastoma and non-gonadal germ-cell
tumours, the incidence of which vary relatively
little, and the lymphomas, for which more
pronounced variation is apparent.
Although variation in incidence by ethnic group
has been relatively little studied, some tumours
show substantial differences in risk between ethnic
groups. Iп particular, this is apparent for some
tumours which have been associated with genetic
syndromes (e.g., Wilms' tumour, retiпoЫastoma),
although these syndromes account for only a small
proportion of cases. Ethnic variation in risk is also
apparent for cell-types of ALL, Ewing's sarcoma,
rhabdomyosarcoma and Hodgkin's disease and
there is weak evidence that this is also the case for
CN5 tumours.
Most of the tumours in children occur more
frequently in boys than girls, although for ANLL,
osteosarcoma, retinoblastoma and melanoma the
sex ratio is around unity. The only two tumours
which are more frequent in girls are carcinomas of
the adrenal cortex and thyroid. Rates are highest
for infants for neuroblastoma, retinoblastoma,
soft-tissue sarcoma and hepatic tumours and a

distinctive peak in the range 1-5 years is well
documented for ALL. Wilms' tumours aid germcell tumours are more common in children under
five years than in older age groups.
Socioeconomic status has been relatively little
investigated in relation to childhood cancer, with
the exception of leukaemia. There is a consistent
positive association between ALL and high
socioeconomic status. In studies in two locations,
neuroblastoma was associated with low
socioeconomic status. In the available descriptive
and analytical studies of CNS tumours, no
consistent association with socioeconomic status is
apparent.
.
The interpretation of temporal trends in
childhood cancer is particularly complex. For
several tumours, there have been diagnostic
advances that are likely to have led to more
complete ascertainment and more precise
diagnosis. In addition, diagnostic criteria and classifications have evolved over time. While many
studies suggest increasing rates of ALL over time,
this tends to be accompanied by decreasing rates of
leukaemia of other types. Overall, it appears that
rates of ALL have risen modestly in children aged
0-4 years. 5еverаl studies have shown an
increasing incidence of CNS tumours in children,
but it is not clear what sub-groups are involved
and, as is the case for adults, the possibility that
this is an artefact of changes in ascertainment
cannot be excluded. There are consistent reports of
an increase in the incidence of neuroblastonia. In
most areas in which this has been observed, no
systematic screening for neuroblastoma has been
in operation. In several areas, the incidence of softtissue sarcoma is increasing. 1n particular, in the
two available series from parts of Africa, there has
been an eight- to ten-fold rise in the frequency of
Kaposi's sarcoma as a result of the AIDS epidemic.
In several locations, the incidence of germ-cell
tumours appears to be rising.
.
There has been considerable interest in smallarea variations in the incidence of childhood
cancers, particularly leukaemia. Spatial clustering
of leukaemia has been observed in the UK, Greece
and Hong Kong and appears strongest in young
children. However, in Sweden and the USA, no
clustering of leukaeniia is apparent. In Malawi and
parts of Uganda, where Burkitt's lymphoma is
endemic, strong evidence of clustering has been
found for this tumour. There is no convincing
evidence of clustering of other tumours of
childhood.

Chapter 3

Genetic factors
and familial aggregation
genetic disease. A total of 142 (2.6%) of the
children were recorded as having a recognized
genetic condition. This was almost entirely
accounted for by Down's syndrome (131 cases;
2.3% of the total). This proportion is similar to
that found in studies in the USA (Robison et я1.,
1984; Watson et al., 1993). In the British study,
only two of the cases of leukaemia were
associated with hereditary immunodeficiency
states. In an extension of the British study
covering the period 1976--92, five (9%) of 58
children with chronic myelomonocytic
leukaemia SRR = 221, 95% CI 71-514), and 12
(0.2%) of 5725 children with lymphoblastic
leukaemia (ALL) (RR = 5.4, 95% CI 2.8-9.4), had
neurofibromatosis type 1 (Stiller et al., 1994).
There was no evidence for an increased risk of
the adult, Philadelphia chromosome-positive
type 0f chronic myeloid leukaemia or of ANLL.
In three out of five cases with chronic
myelomonocytic Leukaemia, a parent was
recorded also as having neurofibromatosis type
1, whereas only four of the 12 cases of ALL had
an affected parent.

In this chapter, for each type of childhood
cancer, the proportion of cases that are
accounted for by specific genetic syndromes and
familial aggregation are discussed. In addition,
second primary neoplasms occurring after a first
primary haematopoietic malignancy, tumour of
the nervous system or retinoblastoena are
considered. Although most second primary
neoplasms occurring in individuals who had a
first tumour diagnosed in childhood are thought
to represent a late effect of treatment, about a
quarter to a third of second primary neoplasms
in such individuals have been associated with
genetic factors (Kingston et al., 1987, Meadows et
al., 1985). Associations with genetic markers are
discussed. Also, the occurrence of congenital
anomalies and other conditions in close relatives
of cases with specific types of childhood cancer is
considered. Such associations may be attributed
to a shared genetic susceptibility. Finally, the
available evidence on the role of environmental
factors in the occurrence of germ-cell mutations
associated with childhood cancer is evaluated.
Most studies in which reported family history
has been compared with medical records
indicate a high level of agreement for the
occurrence of cancer in first-degree relatives
(Love et al., 1985; Bondy et al., 1991, 1994).

Concordance for childhood leukaemia
in twins
Assessment of concordance for childhood
leukaemia in twins may provide clues about
etiology. If childhood leukaemia were of a
predominantly genetic etiology, monozygotic
twins would be expected to be concordant for
leukaemia more frequently than dizygotic twins,
because of their genetic similarity. If childhood
leukaemia were caused by an abnormal intrauterine environment, it would be expected that
if one member of a dizygotic twin pair were
affected, the other would be affected more often
than a non-twin sib, because of the common
environment. Virtually no details are available of
the zygosity of twin pairs in which one twin is
affected or both twins are. Therefore, the
association between zygosity and concordance
has to be considered by the indirect method of
comparing concordance rates between pairs of
like and unlike sex. Ai pairs of unlike sex are
dizygotic, whereas pairs of like sex may be

Leukaemia
A number of specific genetic syndromes are
associated with susceptibility to leukaemia.
These include Down's syndrome (see Chapter
10), neurofibromatosis type 1 (Bader & Miller,
1978; Stiller et aL, 1994), chromosome breakage
syndromes such as ataxia telangiectasia and
Fanconi's anaemia, and certain types of
hereditary immunodeficiency (Harnden, 1985;
Pendergrass, 1985).
Few data are available on the proportion of
cases of leukaemia or other specific types of
childhood cancer that are of known genetic
etiology or associated with genetic syndromes.
Narod et al. (1991) reviewed the records of 5564
cases of childhood leukaemia in Great Britain
during the period 1971-83 for the presence of
67
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dizygotic or monozygotic. If childhood
leukaemia were of a predominantly genetic
etiology, twins from pairs of like sex would be
expected to be concordant more frequently than
twins from pairs of unlike sex.
Keith et al. (1973) compiled case reports of
leukaemia in 71 pairs of twins, in 60 of which the
zygosity had been determined. Same 54% (25 of
46) of monozygotic pairs were concordant,
compared with 29% (4 of 14) of dizygotic pairs.
However, data from consecutive series of
leukaemia cases, and from series of twins
occurring in a defined geographical area, show
much lower concordance rates for pairs of like
sex, 6.3% (95% CI 3.1-11.0) in pooled data
(Table 3.1). More recently, in a study of
leukaemia in pooled series from Canada, the USA
and the UK, only three concordant pairs (1.5%)
were found among 197 pairs in which one or
both twins had leukaemia (Buckley et al., 1996).
The discrepancy between the two types of data
may be attributed to preferential publication of
case reports of concordant pairs. Concordance
rates reported from other studies in North
America are also higher than those reported from
Europe; this may be a chance finding, and/or an
artefact of differences between case series and
population-based studies, and difference in
length of follow up may also be relevant
(MacMahon & Levy, 1964). Although the
concordance rate in twins of like sex clearly is
higher than the zero concordance reported for
twins of unlike sex, the concordance rate in
twins of like sex is quite variable. This may be
attributable to chance or may be taken as
suggesting that genetic factors play a relatively
small part in etiology. Iп the study of Buckley et
al. (1996), the concordance rate for monozygotic
pairs was 3.9% (95% C1 0.8-11.1, 3 of 76 pairs).
Clarkson and Boyce (1971) suggested that the
occurrence of concordant leukaemic pairs may
be due to parallel expansions of clones
descended from a single, ancestral cell
transformed in utero. Thus, a clone of leukaemia
precursor cells arising in one monozygotic twin
may enter the circulation of the co-twin through
placental vascular anastomoses. This would
explain similarities in age at onset between pairs
concordant for leukaemia and is supported by
cytogenetic evidence (Chaganti et al., 1979;
Hartley & Sainsbury, 1981) and DNA analysis of
the immunog1obulin gene configuration in
Siamese twins (Pornbo de Oliveira et al., 1986).
Inskip et al. (1991) commented that the
hypothesis also would explain why like-sex pairs
concordant for leukaemia tend to have an early
age of onset, and why cytogenetic observations

on like-sex pairs concordant for leukaemia with a
later age of onset do not support monoclonality.
Unequivocal support for the hypothesis of
Clarkson and Boyce (1971) is provided by the
recent observation of shared clonal, but nonconstitutional, HRX rearrangements in the
leukaemic cells of three pairs of monozygotic
twins concordant for infant acute leukaemia
(Ford et al., 1993). The evidence that the
rearrangements were not inherited as structural
anomalies or restriction site polymorphisms is
that the rearrangements were not observed in
non-leukaemic cells of the twins or in the
maternal and paternal blood for two of the three
pairs. Other explanations proposed to account
for increased concordance in monozygotic
compared with dizygotic twins include increased
intrauterine exposure of twins to ionizing
radiation because of diagnostic radiological
procedures, shared chromosomal anomalies and
direct metastasis of leukaemia from the mother,
but there is Iittle evidence in support of any of
these (Danis & Keith, 1982).

Leukaemia and cancer in the families
of children with leukaemia
Studies of the occurrence of childhood cancer
in first-degree relatives of children with
leukaemia, in which the number of index cases
was at least 50, are summarized in Table 3.2. In
the studies of leukaemia of all types combined,
no excess of cancers in sibs, parents or offspring
was observed. In studies of acute leukaemia, an
excess of acute leukaemia was observed in sibs,
but the expected number of cases was very low.
The very high ratio reported from Egypt (Hafez et
al., 1985) is difficult to interpret in the absence of
information about the way in which the
expected frequency in sibs was calculated, about
the participation rate, and about the method of
obtaining data on cancer in sibs.
Linet (1985) reviewed studies of the familial
aggregation of leukaemia occurring at all ages.
She noted that in the earlier studies, cases tended
to be a select group from a single hospital or may
have been somewhat more representative but
incompletely followed up. Relatives more distant
than those of the first degree tended to be
included, which, in the absence of verification
from medical records and other sources,
introduced the possibility of recall bias. The
studies tended to be small. In a few studies from
Australia and New Zealand which are not subject
to these limitations, familial excesses of
leukaemia at all ages were observed (Gunz, 1964;
Gunz et al., 1975). These studies suggest that
familial aggregation is most marked for chronic
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offspring. As of 1995, data were published on 709
known offspring of survivors of childhood and
adolescent leukaemia or non-Hodgkin lymphoma,
382 from Great Britain and 327 from studies in
France, Sweden and the USA, who have been
followed up to a median of six years of age
(Hawkins et al., 1995 a). Only one of these offspring
developed childhood cancer — a female survivor of
ALL who was treated with multiple chemotherapy
had a daughter who was reported to have died of
acute leukaemia (not otherwise specified) at six
months of age (Mulvihill et al., 1987). In the basis
of the data from Great Britain, it is unlikely that
the risk of malignant neoplasm in the offspring of
patients treated for leukaemia or non-Hodgkin
lymphoma in childhood is more than eight times
that of the general population (Hawkins et al.,
199 Sa). Using these data, these authors also
calculated a one-sided upper confidence limit of
the proportion of casés with an autosomal
dominant mode of inheritance. Assuming that the
age of onset of all heritable cases is 15 years or less,
then, if the diseases had a penetrance of 70% or
more, the proportion of heritable cases among the
survivors is unlikely to exceed 5%.

lymphocytic leukaemia (the type primarily
affecting the elderly), less so for the acute
1eukaemias affecting children and adults, and
there is probably no substantial aggregation for
chronic myelocytic leukaemia that affects
predominantly middle-aged adults (Gunz &
Vеаlе, 1969; Gunz et al., 1975).
Kurita et al. (1974) ascertained 20 families
where familial leukaemia occurred in siblings
from case reports in the Japanese literature and
questionnaires sent to hospitals throughout the
country; the cases were diagnosed during the
period 1930-68. Parental consanguinity was
found in 10 of the families; in six, the parents
were first cousins, and in two they were first
cousins once removed. In seven of the 20
families, the onset of the disease was in
childhood in one or more sibs; in four (57%) of
these families, the parents were first cousins, and
in one, second cousins. 1t is possible that these
families were reported preferentially because of
parental consanguinity. By contrast, only 4.5%
of parents of 200 cases with non-familial
leukaemia seen in two major hospitals during
the period 1955-67 were first cousins. Estimates
of the proportion of births whose parents were
first cousins in Japan of 2.1% (Imaizumi et al.,
1975) aid 6.2% (Schull & Neel, 1965) have been
reported. In a small Syrian Jewish community in
Brooldyn, New York, five girls were diagnosed
with ALL at ages between 17 and 41 months
during the period 1960-74; a sixth girl was
diagnosed with lymphosarcoma at the age of 15
years and 4 months (Feldman et al., 1976). The
parents of three of the cases were related to each
other. In addition, the parents of one case were
first cousins and each set of grandparents of
another case were first cousins. Thus, some
degree of consanguinity was identified for all but
one of the cases. Among 24 female control
children, matched with cases on year of birth
and order of birth within the community, one
child's parents were first cousins.

Other conditions in relatives of cases
with childhood leukaemia
Based on parental report, Miller (1963) found
that among a thousand sibs of children with
leukaemia, five had Down's syndrome as
compared with 1.4 expected. However, this
observation was not confirmed in a study in Great
Britain (Barber & Spiers, 1964). Karhausen and
Hutchison found no excess of leukaemia among
the sibs of children with Down's syndrome in a
study designed to detect an increase of greater that
five-fold (unpublished data cited by Miller, 1966).
Again in the study of Miller (1963), there was no
difference in the frequency of congenital
anomalies other than Down's syndrome between
the sibs of leukaemic children and the sibs of
matched neighbourhood controls. Savitz and
Ananth (1994) reported an excess of major birth
defects among the sibs of cases with ALL (RR = 3.2,
95% CI 1.3-7.7, adjusted for age at diagnosis, sex
and year of diagnosis).
Mann et al. (1993) observed that there was a
significant excess of congenital anomalies reported
at interview with the parents, in uncles, aunts,
cousins, half-aunts and half-uncles of cases with
ALL compared with community controls. Neural
tube defects accounted for about half of the excess.
Among the parents of 1620 children with Down's
syndrome, three fathers died from leukaemia
compared with an expected 1.2 (Holland et al.,

Cancer in the o f/ ргiпg o fpatients
treated for leukaeinia in childhood
There have been few studies of the frequency of
cancer in the offspring of patients treated for
leukaemia, or other types of cancer, in childhood,
because until recently too few patients survived for
the numbers of offspring to be adequate to
estimate their risk of developing malignant
neoplasms. The evidence provided by such
observations as to the possible genetic component
to etiology is limited because (a) survival may in
part be genetically determined and (b) the
treatment may have an effect on the health of the

1962).
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In studies of reproductive outcome in survivors
of childhood cancer, it is difficult to separate the
effects of the disease, and/or susceptibility to it,
from the effects of therapy. In a multicentre
study in the ц5А and Canada, the offspring of
adult survivors of childhood ALL were not found
to be at increased risk of congenital anomalies
compared with the offspring of sibling controls
(Kenney et al., 1996). Other studies do not
suggest any difference in the prevalence at birth
of congenital anomalies between the offspring of
survivors of childhood cancer of all types and
controls (Little et al., 1995).
In the study of Buckley et al. (1994), excesses of
a number of conditions were observed in sibs,
parents or grandparents of index cases with
various sub types of ALL. For common ALL, there
was а faillai excess of bone and joint diseases;
for the pre-В-cell type, an excess of gastrointestinal, haematological, bone and joint diseases, or
allergy was observed; for the Tсe11 type, an
excess of gastrointestinal disorders; and for nullcell ALL, an excess of congenital heart and lung
disorders.

stimulated investigations of associations
between HLA antigens and leukaemia in
humans. In early studies, no consistent
association between ALL and HLA was observed
(Dausset et al., 1982). In more recent studies,
leukaemia patients appeared to have a higher
frequency of HLA-Cw3 and Cw4 antigens than
controls (Dorak & Chalmers, 1992). Most other
antigens reported to occur at increased frequency
in leukaemia patients are in strong linkage
disequilibrium with these two antigens. In
addition, the HLA-Cw3 and Сw4 associations,
and the association with HLA-DP, is most
apparent in patients with ALL. In a preliminary
study, there was a positive association between
ALL of the common subtype and the HLA-DPB1
locus allele *0201 (Taylor et al., 1995). Children
with ALL of the common subtype were more
likely than controls to be heterozygous for the

*огоfl, *0301 *0401 and *0402 alleles.

Interest in homozygosity at the various HLA
loci of patients with cancer has been stimulated
by the hypotheses that: (1) there is genetic
susceptibility to certain types of cancer which
have a recessive mode of, inheritance with
linkage to the HLA system; and (2) there is a
more direct link between the HLA system and
susceptibility to cancer because the
immunological defences of homozygotes are
weaker than those of heterozygotes (Dausset et
al., 1982). However, no excess homozygosity at
HLA loci has been observed in cases with ALL
(Dausset et al., 1977; von Fliedner et al., 1983) or
myeloblastic leukaemia (Dausset et al., 1977).
Reduced genetic heterogeneity in parents of
cases with leukaemia, as evidenced by increased
compatibility for one or more of the HLA loci,
might be indicative of the existence of a gene or
genes linked to the HLA system with a recessive
mode of inheritance conferring susceptibility to
the disease. However, studies of a possible excess
of pairs of parents of cases of ALL sharing HLA
antigens or haplotypes are inconsistent (WernerFavre & Jeannet, 1979; МасSween et al., 1980;
Betuel et al., 1981; von Fliedner et al., 1983). In
these studies, the methods of selection of study
subjects were not fully described, so the
possibility that selection bias accounts for this
inconsistency cannot be excluded.
In several studies, unaffected sibs of patients
with ALL have been found to share môre 'LA
haplotypes with the patients than the 25%
expected on the basis of Mendelian inheritance
or the frequency in control families (Betuel et a1.,
1981; Chan et al., 1982; von Fliedner et al., 1983;
de Moor & Louwagie, 1985; O'Riordan et al.,
1992). In order to exclude restricted

Secoпd primary tumours in patients
whose first primary tumour was
leukaemia
The occurrence of second primary tumours
may be the result of an interaction of age, genetic
predisposition, radiation exposure and
chemotherapeutic exposure (Neglia et aI', 1991;
Robison, 1993). In the largest available study,
Neglia et al. (1991) found that tumours of the
central nervous system (CNS) were the most
common second cancers iп patients whose first
cancer was ALL diagnosed in childhood,
accounting for 24 of the 43 second cancers in
their series. All of the СN5 neoplasms developed
in children who had previously undergone
irradiation. There was a clustering of CNS
tumours among children five years of age or less
when diagnosed with ALL, despite the less
frequent use of the more intensive regimens of
chemotherapy, radiation, or both in this younger
group. 1n other studies, an excess of tumours of
the СN5 developing as a second primary tumour
after leukaemia has been observed (Meadows et
a1., 1985; Kingston et al., 1987; Olsen et al.,
1993a).

Leukaemia and the major
his tocompatibil ty complex
Iп experimental animals, virally induced
leukaemia in mice was the first disease shown to
be associated with the major histocompatibility
complex (МНС) gees (Lilly et al., 1964). This
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heterogeneity as the cause of the excess of
healthy sibs who are HLA-identical with the
index case, de Moor and Louwagie (1985) studied
separately the 22 (out of a total of 33) sibships of
leukaeuiia patients who each expressed four
different haplotypes. The distribution of
haplotypes was still abnormal, a case with acute
leukaemia having an HLA-identical sib 3.6 times
more often than a healthy child. It has been
suggested that this observation of HLA haplotype
sharing indicates that the HLA system itself is
not involved in the development of leukaemia,
and is compatible with segregation distortion
(Dorak & Burnett, 1992).
Dorak and Burnett (1992) postulated that a
human analogue of the t-complex in the mouse
includes genes with a recessive mode of
inheritance which confer susceptibility to
Jeukaeniia. Dorak and Burnett considered that
the most compelling evidence establishing a link
between cancer and the mouse t-complex is the
demonstration that if embryos homozygous for
the lethal factor tw18 were rescued and
transplanted to an amenable environment, they
could produce histologically malignant neuroectodermal growths resembling meduloblastoma—neuroblastoma (Artzt & Bennett, 1972).
The mutant factor tw18 is a partial t-haplotype
which contains the major histocompatlbility
complex. Dorak and Burnett argued that
evidence in humans in support of their
hypothesis included (a) the increase in the risk of
haemopoietic-lymphatic cancer in the sibs of
children with tumours of the CNS, and (b) that
tumours of the CNS were the most common
second cancers in patients whose first cancer was
ALL diagnosed in childhood. The other
associations that these authors suggested
supported the hypothesis do not appear to be
well substantiated.

ceptiowl occupational exposure to ionizing
radiation was associated with childhood
leukaemia and non-Hodgkin lymphoma in
Sealcale (Gardner et al., 1990x). In other studies
carried out specifically to attempt to replicate
this observation, the association was not
confirmed (McLaughlin et al., 1992, 1993b;
Kinlen et al., 1993b; Michaelis et aI., 1994; Pobe1
& Viel, 1997; see Chapter 4 for further
discussion). There was no excess of childhood
leukaemia among the offspring of Japanese men
who survived the atomic bomb explosions; these
men received a mean radiation dose of 492 mSv
(Ishimura et aI., 1981).
1n two studies (Graham et al., 1966; Shu et al.,
1988) but not in a third (Magnani et al., 1990) of
pre-conceptional X-ray exposure of the father,
there was a positive association with leukaemia
in the offspring. It is possible that the X-ray
doses received in the study of Magnani et ai.
(1990) were lower than in the other two studies.
However, all of the studies are limited by the fact
that the part of the body X-rayed was not
considered, and by possible selection bias оr
inadequate control of confounding (see Chapter
4 for detailed comment). Leukaemia has not
been described among offspring of fathers
treated with radiotherapy in the available cohort
studies (Narod, 1990). In the world literature,
four cases of leukaemia have been reported in the
offspring 0f treated parents, three 0f which are
thought to be due to a genetic condition
(Li—Fraumeni syndrome) (Draper, 1989).
If paternal germ-cell mutation were an
important cause of childhood leukaemia, a
paternal age effect would be expected. In the
majority 0f the available studies, no association
with paternal age has been found (Kwa & Fine,
1980; Shaw et al., 1984; McKinney et al., 1987;
Shu et al., 1988; Magnani et al., 1990; Urquhart et
al., 1991; Roman et al., 1993; Westergaard et a1.,

Associations between leukaemia and
other genetic markers

1997).

Associations between ALL and the two allele
pgoperdin B (Budowte et al., 1982, 1985) and
leukocyte group 5A systems (Warren et al., 1977)
have been reported. The complement
component С4А6 phenotype was significantly
associated with ALL in American blacks
(Budow1e et al., 1985).

Lymphoma
Susceptibility to lymphoma is associated with a
number of specific genetic syndromes, including
certain types of hereditary immunodeficiency
(Harnden, 1985), neurofibromatosis type 1
(Stiller et al., 1994), and ataxia telarvgiectasia
(Taylor, 1992). In a study of childhood cancer
associated with genetic syndromes in Great
Britain (described above), among 1781 cases of
childhood lymphoma 17 (1%) had genetic
syndromes (Narod et al., 1991). Seven of the 17
cases of lymphoma associated with genetic
syndrome had ataxia telangiectasia. The risk of

Mutation in the paternal gametes and
childhood Ieцkaemia in the offspring
There has been consideIable debate about the
possibility that mutation in the paternal gametes
may cause childhood leukaemia in the offspring,
following the observation that paternal precon-
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lymphoma among children with ataxia
telangiectasia was 400 times greater than in the
general population. In an extension of this study,
five (0.4%) of 1275 children with non-Hodgkin
lymphoma had neurofibromatosis type 1 (RR =
10.0, 95% CI 3.3-23.4; Stiller et al., 1994)

(CNS tumours associated with familial polyposis of
the colon) (Turcot et al., 1959; Bishop & HaII,
1994). In a study of childhood cancer associated
with genetic syndromes in Great Britain (described
above), of 3872 cases with tumours of the brain
and spinal cord, 79 (2%) had genetic syndromes
(Narod et al., 1991). sixty of the cases had neurofibromatosis and 18 had tuberous sclerosis. In an
extension of this study to cases diagnosed during
the period 1953-93, seven of 225 families, in each
of which two children had been diagnosed with
cancer before the age of 15 years, had neurofibromatosis type 1 (Draper et al., 1996). Eight of the
children in these seven families, including one pair
of monozygotic twins, developed an optic nerve
glioma. In three of the 225 families, patients were
recorded as having Turcot's syndrome. In a study
in New York state, five sibs of 328 cases with CN5
tumours were reported to have neurofibromatosis,
compared with no sibs of controls (Baptiste et al.,
1989). 1n Great Britain during the period 1971-86,
four cases of CNS tumours were associated with
cystic fibrosis, compared with 1.35 expected (ratio

Concordance in twins
1n combined data from five series, none of the
co-twins of 31 twins with Hodgkin's lymphoma,
18 with non-Hodgkin lymphoma and 11 with
lymphoma not otherwise stated, was affected
(Buckley et al., 1996).

Cancer in the families of children with
lymphoma
Data on the risks of cancer to first-degree
relatives of children and young persons with
lymphoma are summarized in Table 3.3. No
overall excess of cancer was observed. In the study
of cancer risks for parents of children who
developed cancer in Denmark, while the overall
risk of cancer in the parents of individuals who
had non-Hodgkin lymphoma in сыdhоод was
not increased, excess risks of brain tumours
(standardized incidence ratio (SIR) = 2.9, 95% CI
1.1-6.3 ) and cancer of the cervix uteri (SIR = 2.0,
95% CI 1.1-3.3) in the mother were found (Olsen
et al., 1995). There have been reports of lymphoma
and brain tumours occurring in the same family
(Grundy et al., 1973). In a population-based study
of 1577 cases of Hodgkin's disease diagnosed
before the age of 45 years in the Greater Boston
area (USA) in the period 1959-73, five sibs
developed Hodgkin's disease (SIR = 7.1, 99% CI
1.6-3.0; Grufferman et a1., 1977).

3.0, 95% CI 0.8-7.6; Robertson & Hawkins, 1995).

There was no overall excess of childhood cancer
connected with this genetic condition. In a
population-based series of 173 cases of medulloblastorna in the Manchester area (UK), five (2.9%)
had autosomal dominant conditions known to
predispose to meoplasia (Evans et al., 1993).

Concordance in twins
In combined data from five series, none of the
co-twins 0f 16 cases with medulloblastoma had
childhood cancer (Buckley et al., 1996). In 51 pairs
in which one or both members had other types of
CNS turnours, one like-sex pair was concordant for
glioblastoma and in a further like-sexed pair, one
twin had a mixed glioma and the other an optic
nerve tumour.

Second primary tumours
In a population based study in Piedmont, Italy,
three of 105 cases of Hodgkin's lymphoma
registered at ages up to 14 years during the period
1967-89 and followed up to December 1995,
developed a second primary tumour (SIR = 10.5,
95% CI 2.2-30.9; Magnani et al., 1996). In one of
the 151 cases of non-Hodgkin lymphoma, a
second primary tumour occurred (SIR = 5.6, 95%

Cancer in the families of children with
central nervous system tumours
In most studies, an excess of cancer in sibs of
index cases with tumours of the brain and CNS has
been found (Table 3.4). The highest concordance
between sibs for brain tumours was reported in the
early mortality-based study of Miller (1971). In
other studies, an increased risk of leukaemia in sibs
of cases with brain tumours has been found
(Draper et al., 1977; Farwell & Flannery, 1984а).
Farwell and Flannery (1984а) observed a five-fold
excess risk of tumours of the nervous system in
parents of children with CNS tumours, of a similar
order to the risk of such tumours in sibs observed
in the same study. Children with a history of
cancer in first-degree relatives were older at

CI 0.1-30.9).

Tumours of the central nervous system
Genetic syndromes established as associated
with tumours of the CNS include the autosomal
dominant disorders neurofibromatosis (mainly
NF-1) (Bader & Miller, 1978; Seizinger, 1993; Ragge,
1993), tuberous sclerosis (Monaghan et al., 1981),
Gorlin syndrome (Evans et al., 1991), and the
autosomal recessive disorder Turcot's syndrome
74
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of selection was not déscribed. There were 29
cases of neural tube defects or hydrocephalus in
the relatives of cases with glioma, as compared
with one among the relatives of the controls. In
case-control studies in the USA and in northern
England, no association between CNS tumours
and the reported occurrence of congenital
anomalies of any type in sibs was observed
(Baptiste et al., 1989; Mann et iL, 1993; Gold et
al., 1994; Savitz & Ananth, 1994). In one of these
studies, the occurrence of congenital anomalies
in other family members was investigated (Gold
et al., 1994). There were statistically significant
associations with congenital anomalies reported
in the mother and her grandmother and greatgrandmothers. No particular type of anomaly
accounted for the excess. No association was
reported with congenital anomalies in the father
and his relatives. The reported prevalence of
anomalies at birth was similar as between
mothers and fathers of controls, and as between
matrilineal and patrilineal relatives of controls,
arguing against better reporting of family history
in maternal relatives as an explanation for the
finding. Furthermore, as noted by the authors,
the lack of association with congenital anomalies
in the father and his relatives argues against recall
bias. In a study in northern England, no excess of
congenital anomalies was observed among
parents, grandparents, uncles, aunts, cousins,
half-aunts or half-uncles of 78 children with CNS
tumours compared with the relatives of
community or hospitalized controls (Mann et al.,

diagnosis than children without such а history. Bу
contrast, in a population-based study in Denmark,
only a weak excess of CNS tumours (SIR in mothers
1.2, in fathers 1.3) was observed in the parents of
1368 patients who developed brain and nervous
system tumours in childhood (Olsen et al., 1995).
No overall excess of cancer in the parents was
observed in this study. In a registry-based study,
Sussman et ai. (1990) found that children with a
brain tumour whose grandparents and greatgrandparents had a history of any kind of tumour
were younger at the time of presentation than
affected children without this family history. No
association between brain tumours in children and
a family history of cancer has been observed in
other studies (Gold et al., 1979, 1994; PrestonMartin et aI., 1982; McCredie et al., 1994а).
In a case-control study of astrocytoma in
Pennsylvania, New Jersey and Delaware, the
relative risk associated with having a first- or
second-degree relative with cancer was 1.7 (95% CI
1.0-2.7, based on 86 discordant pairs; Kuijten et al.,
1990). The association was strongest for the age
group 0-4 years. However, the overall excess was
accounted for by second-degree relatives (RR = 1.6,
84 discordant pairs). No association between
astrocytoma and a history of cancer in parents,
grandparents or great-grandparents was found in a
larger (169 cases) multicentre population-based
study in the USA (Gold et aI., 1994). In a
multicentre hospital-based study in the USA and
Canada, there were non-significant excesses of
brain tumours, leukaemia and lymphoma and
childhood cancer among relatives of cases with
astrocytoma (n = 155) compared with controls
selected by random-digit dialling, but not
compared with the general population (Kuijten et
cd., 1993). Irn this study, first- and second-degree
relatives of children with primitive neuroectodermal tumours (166 cases) were more likely to be
reported as having childhood cancer than relatives
of controls or the general population. There was
no excess of total brain tumours or of leukaemia
and lymphoma. 81% of the honours reported in
the families of the subjects were validated from
medical records or death certificates. Fewer
tumours reported in the families of controls could
be validated, as more parents of controls than of
patients refused to release medical information.

1993).

Seсond primary tumours
In view of some reports of an excess of cancer
in the families of children with tumours of the
CNS, it might be expected that children with
CNS tumours would have an increased risk of
developing a second primary neoplasm. Farwell
and Flannery (1984b) found that nine of a total
of 670 children diagnosed with CNS tumours
before age 20 developed a second neoplasm; the
ratio of observed to expected numbers of
second neoplasms was 9.1 (95% CI 4.0-17.3).
Five cancers occurred in the parents or sibs of
these nine patients, compared with an expected
number of 091 (RR = 5.5, 95% CI 1.2-10.0).
Three of these relatives had developed
leukaemia, whereas only 0.04 cases were
expected. Kingston et aI. (1987) found that
among 45 children with CNS tumours who
subsequently developed a second cancer, fifteen
had a known genetic disease and a further four
children had a first-degree relative with cancer.
Two of these families had features of the

Congenital anomalies in relatives of
children with tumours of the central
nervous system
Van der Wie1 (1960) reported on the occurrence
of malformations of the CNS among 3557 close
relatives of 100 patients with glioma, compared
with 1687 controls from 50 families; the method
76
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Concordance in twins

Li—Fraumeni syndrome. However, in this same
study base, among survivors of CNS tumours
neither
receiving
radiotherapy
nor
chemotherapy, the incidence of subsequent
malignant tumours was very similar to that
expected (Hawkins et al., 1987). In a
population-based study in Piedmont, Italy,
none of 532 cases of malignant CNS tumour
registered at ages up to 14 years during the
period 1967-89, and followed up to December
1995, developed a second primary malignant
tumour (Magnani et al., 1996). In the 3319
person years of follow-up, 0.61 cases would
have been expected.
Meadows et al. (1977) observed that the
combination of glioma with leukaemia or
lymphoma was the most frequent combination
in their series and occurred in five patients for
whom no etiology for a second primary
neoplasm was known. In addition, three
patients developed leukaemia or lymphoma
following radiotherapy for a glioma. Sibs of
three of these eight patients were affected with
tumours of the same type. The authors
suggested that the association might be part of
a new genetic cancer syndrome. Kingston et al.
(1987) also observed a high frequency of
leukaemia occurring as a second tumour in
patients whose first tumour was of the CNS.
Further support for a genetic relationship
between these neoplasms is provided by the
observation of an excess of haematopoietic—lymphatic cancer in the sibs of children
with tumours of the СNS (FarwelI & Flannery,

In combined data from five series, one of 11
pairs of monozygotic twins, one . or both
members of which had neurobla stoma, was
concordant for the disease; none of 20 dizygotic
pairs or two pairs of ипkпоwп zygosity was
concordant (Buckley et al., 1996). Kushner and
Helson (1985) reviewed earlier published case
reports on concordance for пeuгоblastoma in
twins. In five concordant pairs reported to be
monozygotic, the diagnosis was made during the
first few months. By contrast, in two discordant
monozygotic pairs, the age of diagnosis was
greater than 30 months, similar to the mediàn
age at diagnosis in unselected series. These
observations may be compatible with hereditary
factors predominating in neuroblastoma
diagnosed in infants, whereas other factors may
predominate in neuroblastoma diagnosed after
infancy.

Cancer in families of cases with
neuroblastoma
There is no clear evidence of familial
aggregation of neuroblastoma (Table 3.5).
Kushner et al. (1986) reviewed reports of familial
neuroblastoma. The data on the 23 families in
their compilation conform to an autosomal
dominant mode of inheritance. The median age
of diagnosis was nine months, with 60% of cases
being diagnosed before one year. This pattern
contrasts with a median age of diagnosis of 2.5
years in the series of Hayes and Green (1983),
and 30% or less of cases being diagnosed before
one year in population-based studies (Miller et
а1., 1968; Kinnier-Wilson & Draper, 1974; Stiller
& Parkin, 1992). In the compilation of Kushner
et al. (1986), eleven cases of multiple primaries
(23% of the total) occurred in eight families; in
selected series a proportion of around 5% with
multiple primaries has been observed (Knudson
& Strong, 1972). Iп records of childhood cancer
in Great Britain during the period 1953-93, the
risk for a sib of a rieuroblastoma patient of
developing this tumour was about 1 per 1000
(Draper et al., 1996).

1984а).

Paternal age and CNS tumours in the
offspring
No paternal age effect has been reported for
tumours of the CNS (Gold et al., 1979; Johnson
et al., 1987; Nasca et a1., 1988; Wilkins and
Koutras, 1988; Birch et al., 1990b; Kuijten et al.,
1990; Wilkins and Sinks, 1990).

Neuroblastoma
Neuroblastoma does not appear to be
associated with specific genetic syndromes
(Miller et al., 1968; Carlsen, 1996). In a study of
childhood cancer associated with genetic
syndromes in Great Britain (described above),
out of 985 tumours of the sympathetic nervous
system, two (0.2%) had genetic syndromes
(Narod et al., 1991). One was a case of
neuroblastoma and the other of malignant
phaeochromocytoma; both cases had neurofibromatosis (type unspecified).

Other conditions in relatives of
children with neuroblas toma
In a case—control study of 35 cases of
neuroblastoma in northern England, a higher
proportion (18 of 416; 4.3%) of uncles, aunts,
cousins, half-aunts and half-uncles of cases than
community controls (13 of 648; 2.0%) was
reported to have congenital anomalies (Mann et
а1., 1993). In a case—control study of
neuroblastoma in parts of Germany with high
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Genetic factors and fат lial aggregation

paradigm for considering the role of genetic
factors in the etiology of cancer in general.
Knudson postulated that ai retinoblastomas
occur as the result of two mutations. In
hereditary cases, the first mutation is in a
germinal cell, while in non-hereditary cases,
the first mutation is in a somatic cell. The
second mutation always occurs in somatic
cells. In carriers of the germinal mutation, the
mutation is present in all the cells of the
individual, and in consequence a bilateral
tumour, or indeed multiple primary
neoplasms, are more likely to occur. In the
non-hereditary form, both mutations take
place post-zygotically in the same somatic cell,
and as a result the tumours are more likely to
be unilateral and unifocal, with a later age of
onset.
Between 40 and 50% of retinoblastoma
patients have the heritable form of the disease;
one quarter of these are familial cases and the
remaining three quarters are thought to be
sporadic, arising from new mutations in the
parental germ cells (Bunn et al., 1989x; Narod
et al., 1991). The majority of heritable cases are
bilateral and all bilateral cases are heritable. All
of the predictions of Knudson's model have
been confirmed following molecular cloning
and characterization of a candidate
retinoblastoma susceptibility gene (Goodrich

levels of caesium-137 fall-out resulting from the
Chernobyl accident, congenital anomalies were
more frequently reported among the sibs of cases
than of controls (RR = 3.4, 95% CI 0.8-16.6;
Michaelis et al., 1996). Iп a population-based
study in Denmark in which neuroblastomas
presenting in the first year of life were compared
with those presenting later (Carlsen, 1996), no
hereditary disease was observed in the families of
the 75 cases presenting in the first year of life,
whereas such disease was observed in the
families of 11 of the 175 cases presenting later.
Asthma was reported in four families, and
rheumatic history in two; no other conditions
occurred in more than one family.

Second primary cancer
De Vathaire et al. (1992) studied the incidence
of thyroid tumours occurring after cancer in
childhood in a cohort of 592 children treated
before 1970. Six of the children later developed
a thyroid carcinoma, and 18 developed a thyroid
adenoma. The frequency of thyroid neoplasm
was five times more frequent after irradiation for
neuroblastoma than after irradiation for any
other first primary neoplasm. This ratio did not
vary by sex, time since irradiation, or dose of
radiation received by the thyroid gland. These
findings were interpreted as suggesting a
common mechanism for the occurrence of
neuroblastoma and of differentiated thyroid
tumour. An excess of thyroid carcinoma after
neuroblastoma was also found in the hospitalbased studies of Tucker et aI. (1984, 1991), but
was not observed in population based studies in
Great Britain (Hawkins et al., 1987) or Italy
(Magnani et al., 1996). As acknowledged by de
Vathaire et al. (1992), as a rule more second
cancers, and particularly more thyroid cancers,
are found in hospital-based studies than in
population-based studies because of differences
in treatment intensity and in the extent of
diagnostic investigations during follow-up.

& Lee, 1990).

In a study of childhood cancer diagnosed
during the period 1971-83 in Great Britain,
some 37% (162 of 436) cases were bilateral and
therefore presumed to be hereditary (Narod et
аl., 1991). Genetic forms of retinoblastoma
other than bilateral include unilateral familial
tumours, unilateral tumours in individuals
carrying 13q deletions, and unilateral sporadic
tumours associated with new germ-cell
mutations which are not detectable by
cytogenetic techniques. Using published
reports, Narod et al. (1991) estimated that the
total hereditary proportion for retinoblastoma

Paternal age and neurohlastoma in
the offspring

was 48.8%.

Concordance in twins

No paternal age effect has been observed for
neuroblastoma (lohnson & Spitz, 1985; Neglia et

In combined data from five series, four of
seven monozygotic twin pairs, and two of ten
dizygotic pairs, were concordant for
retinoblastoma (Buckley et aI., 1996).

al., 1988).

Retinoblastoma
Cancer in families of cases of
retiпоыаstоma

Knudson (1971) proposed a two-mutation
hypothesis to explain the occurrence of
retinoblastoma in both hereditary and
sporadic forms with differing frequencies of
bilaterality, and this model has become a

Data on the risk of cancer in non-twin
relatives of cases with retinoblastoma are
presented in Table 3.6.
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Genetic factors and familial aggregation

In a hospital-based study in Texas, no excess
mortality due to cancer was observed among
first-degree relatives, aunts, uncles or
grandparents of cases with the unilateralsporadic form of retirnoblastoma. A significant
excess of cancer deaths occurred in fathers of
cases with the bilateral form of the disease and
in relatives aged under 55 years. This excess was
not associated with the occurrence of second
tumours in patients who had had bilateral
retinoblastoma, but was to some extent
accounted for by families in which more than
one child had retinoblastoma (Strong et al.,
1984).

In а study in the Netherlands of cancer
incidence in first-degree relatives of patients
with retinoblastoma, no excess of non-ocular
tumours was found (der Kinderen et al., 1988).
Among the fathers of 103 cases with hereditary
retinoblastoma, three developed pancreatic
cancer, compared with 0.4 expected (RR = 8.3,
95% CI 1.5-20.8). No excess of pancreatic
cancer has been reported in other studies.
In а population-based study in Denmark,
there was no overall excess of non-ocular cancer
in the parents (Olsen et al., 1990a, 1995) or sibs
(Olsen et al., 1990а) of cases with
retinoblastoma. An excess of melanoma was
observed iп the fathers of unilateral sporadic
cases. Melanoma has been reported as a second
primary tumour in patients with the hereditary
form of retinoblastoma (Draper et al., 1986; Eng
et al., 1993; loll et al., 1996) and was found in
excess (р<0.02) in relatives of patients with the
bilateral familial form of the disease in the
study of Strong et al. (1984).
In a study in Great Britain, the proportion of
sibs of retinoblastoma cases who developed the
disease was close to that expected according to
the modes of inheritance for the two forms of
the disease (Draper et al., 1992; Table 3.6).
Among 75 offspring born to patients with
retinoblastoma that was either bilateral or
accompanied by family history of the disease,
32 developed retinoblastoma and one a
malignant testicular teratoma (Draper et aI.,
1992). The proportion of offspring affected with
retinoblastoma is very close to what would be
expected with an auto somal dominant mode of
inheritance with a penetrance of approximately
90%. The authors estimated a risk of
retinoblastoma in the offspring of cases of
sporadic unilateral retinoblastoma of 0.7-0.8%,
with a standard error of the same magnitude.
For each unaffected child born to a possible
carrier, the estimated probability that
subsequent children will be affected decreased.

In the study of Mulvihill et al. (1987), 47
offspring were born to patients with
retinoblastoma, two of whom also developed
retinoblastoma; one parent of each child had
bilateral retinoblastoma. When these cases are
excluded, the number of observed cases of
cancer in the offspring is close to that expected
on the basis of the frequency in the offspring of
sib controls.

Sесопд primaiy tumours
Parents with the hereditary form of
retinoblastoma have a much higher excess risk of
second primary tumours than those with the
non-hereditary form (Draper et aI., 1986; der
Kinderen et al., 1988; Eng et al., 1993). In studies
with a short follow-up period, most of the
second primary tumours are osteo sarcomas and
soft-tissue sarcomas (Mill et al., 1996). Other
types of second primary tumour, including
melanoma, are found in studies with longer
follow-up.

Environmental exposures and the
occurrence of retinoblas toma
mutations
There are two main mechanisms whereby
environmental exposures are believed to lead to
germ-cell mutations (Figure 1.1). First, mutations
may arise in the paternal gametes during the preconceptional period. In males, spermatogenesis
continues from puberty to old age. Thus,
mutations may arise and accumulate with time.
Second, the mechanism by which mutation may
occur in maternal germ cells is different from
that in the father. New oocytes are not formed
after birth, so exposures of the maternal
grandmother of the index child before the birth
of the mother of the index child may be relevant:
The oocytes are almost mature in the ovaries of a
newborn female, aid become fully mature much
later, one by one, when during each menstrual
cycle one, or occasionally more than one, egg is
made available for fertilization. Thus, there is less
opportunity for the accumulation of mutant
genes in female than in male gametogenesis
(Cavalli-Sforza & Bodmer, 1971). If a mutagenic
agent were to act on resting gametes and its
intensity were constant over time, even in the
absence of division of gamete-forming cells, a
linear accumulation of mutant genes with age
might also be expected in females. There are
about 380 mitosis states involved in the
formation of sperm, compared with 23 in egg
production (Bradley, 1992). Mutations are most
likely to arise in mitosis, because the repair
activity of cells appears to stop during this stage.
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Preconceptional exposures of the father
If paternal germ-cell mutation were an
important cause of retinoblastoma, a paternal
age effect would be expected. While the
mutation rate may also increase with maternal
age, this is likely to be at a lower rate than for
paternal age, because in females there is no
possibility of accumulation of mutant genes
associated with the division of gamete-forming
cells (see above).
In studies of the parental origin of de nivo
germ-line mutation in retinoblastoma, 31 such
mutations were found on the paternal allele and
only two on the maternal allele (Kato et al.,
1994). No strong paternal age effect has been
observed in retinoblastoma gadayel et al., 1990;
Kato et al., 1994). Therefore, apart from the
much greater number of cell divisions involved
in spermatogenesis as compared with oogenesis,
environmental factors or a deficiency in DNA
repair in sperm may account for the paternal
predominance of de novo mutation (Kato et aL,
1994). In a combined total of 33 non-hereditary
retinoblastoma tumours, 17 had lost the
maternal allele and 16 had lost the paternal allele
of the RB gene (Kato et al., 1994).
It would be expected that the risk of the
sporadic heritable form of retinoblastoma would
be associated with preconceptional exposures of
the father, whereas the non-heritable form
would be associated with exposures after
conception. Bunin et al. (1989а) found that in a
comparison of 67 sporadic heritable cases and
age—sex—area matched controls selected by
random-digit dialling, there were nonsignificant
positive associations with preconceptional
gonadal X-rays of the father, and older paternal
age. The weak association with paternal age is in
accord with previous studies. In contrast to the
prediction of the hypothesis, a statistically
significant protective effect of multivitamins
consumed by the mother during the pregnancy
leading to the birth of the index child was found.
In multivariate analysis, only one variable,
'father with a graduate or professional education'
was 'selected' by conditional stepwise logistic
regression. A higher proportion of control fathers
had received such education, suggesting that the
results reflect participation bias in controls
resulting from recruitment by random-digit
dialling. Further analysis of these data showed
statistically significant positive associations with
paternal employment in the armed forces and in
the metal industry, and a nonsignificant
association with the mother's father having held
jobs in a 'cluster' including welding, machining
and paper-processing occupations (Bunn et aI.,

1990а). For 115 non-heritable cases, Bunin et al.
(1989а) found a positive association with low
maternal educational level, which again may be
an artefact of recruitment of controls by randomdigit dialling. In the later analysis relating to
occupation, there were positive associations with
paternal employment before or after conception
in a job cluster consisting mostly of welders and
machinists, and with the mother's father having
worked in farming at the time of her birth
(Bunin et al. 1990а).
In addition to a possible paternal origin of
mutation, preferential transmission of paternal
mutant RB-1 alleles from one generation to the
next has been reported (Muflier et aL, 1992). In a
study of 51 individuals from eight kindreds with
hereditary retinoblastoma, the odds of transmitting a mutant allele to children of male
carriers was 18:4 (p < 0.005) whereas no
difference from a 1:1 segregation ratio was
detected among the children of female carriers.

Exposures of maternai grandmother of
index child before mother's birth
In the one available study of 67 cases of
sporadic heritable (i.e., bilateral or unilateral
with 13q deletion, without family history)
retinoblastoma and controls matched on age, sex
and area and selected by random-digit dialling,
no association was found with grandmaternal
employment, medication or X-rays during the
pregnancy leading to the birth of the mother of
the index child (Bunn et al., 1989x, 1990а).
However, many mothers were not able to answer
these questions.

Preconceptional exposures of the
mother
Using the same classification of cases as
discussed in relation to preconceptional
exposures of the father, Bunin et al. (1989а) found
that the sporadic heritable form of the disease
was associated with maternal preconceptional Xray of the lower abdomen or pelvis. No such
association was apparent for the non-heritable
form of the disease.

Wilms' tumour
Initially, a two-mutation model, developed
from observations on retinoblastoma, was
proposed to explain the etiology of Wilm's
tumour (Knudson & Strong, 1972). subsequently,
it has been shown that several genes are involved
(Pritchard-Jones & Hawkins, 1997). First,
missense mutations of WT1 at 11р13, are
associated with Denys—Drash syndrome (a triad

r
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of imprinting of 119 occurred in some of the
Wilms' tumours (Rainier et al., 1993).
Therefore, loss of imprinting of 119 may also
be involved in the etiology of Wilms' tumour
(Rainier & Feinberg, 1994).
In addition to the Denys—Drash and
Beckwith—Wiedermann syndromes, specific
syndromes associated with Wilms' tumour include
WAGR syndrome (Wilms' tumour with congenital
aniridia, genitourinary abnormalities and mental
retardation), Perlman syndrome and Wilms'
tumour with hemihypеrtrophy (Sharpe & Franco,

of nephrotic syndrome, ambiguous genitalia and
Willis' tumour). WT1 appears to be mutated in
less than 10% of cases (Rainier & Feinberg, 1994).
Second, lip15 contains the gene or genes
responsible for Beckwith—Wiedemann syndrome.
About 8% of cases with the syndrome develop
malignant tumours, about half of which are
Wilms' tumours. Third, in linkage studies carried
out in families in which familial Wilm's tumour
occurred, linkage with chromosome 11 was not
found (Grundy et al., 1988; Huff et aL, 1988).
In a pedigree with seven cases of Wilm's tumour,
a gene for a familial form of the tumour was
localized to chromosome 17p (Rahman et al.,
1996). In addition, there is thought to be a gene
predisposing to Wilms' tumour at chromosome 7р
(Pritchard Jones & Hawkins, 1997).
Comparison of constitutional and tumour
genotypes has shown loss of alleles from
chromosome lip in a substantial proportion, but
less than half, of cases with Wilms' tumour (Smith,
1992). Most of the cases involving loss of alleles
from 11p13 lose the maternal alleles (Sсhroeder et
al., 1987). In seven of eight children who had a de
nova mutation at 1iр13, the de novo deletion
occurred on the paternally derived chromosone
(Huff et aL, 1990). Some Wilms' tumours not
associated with Beckwith—Wiedemann syndrome
have been shown to have undergone loss of
heterozygosity at lipiS.5 (Koufos et al., 1989).
It has been suggested that preferential loss of
maternal alleles from chromosome 11p may be
due to inactivation of a tumour-suppressor
gene by genomic imprinting (Wilkins, 1988). A
cluster of genes on chromosome 11p15.5
shows monoalelic expression despite the
presence of two genetically identical copies of
these genes (Issa & Baylin, 1996). This cluster
includes the IGF2 gene, which is normally
expressed from the paternally derived allele
and encodes a fetal growth promoter, and the
119 gene, which is expressed from the
maternal allele, and whose expression is
thought to play a critical role in the imprinting
(monoa11elic expression depending on the
parental origin of the allele) of IGF2 and other
genes on цр15.5 (Barlow, 1995). Whereas in
normal human kidney, the paternal allele of
IGF2 is expressed and the maternal allele is
transcriptionally inactive, 70% of Wilms'
tumours show loss of imprinting and thus
express both maternal and paternal alleles
(Ogawa et al., 1993; Rainier et al., 1993). 1n
addition, some of these patients had bia11elic
IGF2 expression in their normal kidney tissue,
suggesting that a somatic failure of imprinting
may have occurred (Issa & Baylin, 1996). Loss

1995).

In a study of childhood cancer diagnosed during
the period 1971-83 in Great Britain, of 984 cases of
kidney tumour, 71 (7.2%) had genetic conditions
(Narod et al., 1991). 51 cases (5.2%) were bilateral;
four of the cases had aniridia. The assumption that
all bilateral cases are hereditary has been
questioned (Narod & Léпоir, 1991; Shаrpe &
Franco, 1995; Breslow et al., 1996). Eight of the
unilateral cases had aniridia (two also with hemihypertrophy), and twelve additional cases had
hemihypertrophy.
As of 1981, 24 families with two or more cases of
Wilms' tumour had been reported in case reports
(Matsunaga, 1981). The highest proportion of
familial cases reported is 2.4% (sharpe & Franco,
1995), observed in a French multicentre study
(Bonaïti-Pe11ié et al., 1992). None of the 12 cases, all
of which were unilateral, had an affected firstdegree relative.

Concordance in twins
In a population-based study in Norway,
Windham et al. (1985) observed that two out of five
twins, all from like-sex pairs, with renal cancer were
members of a concordant twin pair; no
concordance for any other type of childhood
cancer was seen in this study. In 71 patients in the
National Wilms' Tumour Study in the USA, with a
twin sibling, the only instance of concordance was
for a dizygotic pair (Olson et al., 1993а). One other
case had a co-twin with mеduноыаstoma. In
combined data from five series, none of the 60
twins with Wilms' tumour had an affected co-twin
(Buckley et al., 1996). In one like-sex dizygotic pair,
the co-twin was diagnosed with ALL at about the
same time as the index twin (three years of age).
Thus, concordance for Wilms' tumour in twins is
rare.

Cancer in relatives of cases with
Wilms' tumour
The risks to relatives are summarized in Table
3.7. There was no consistent excess risk of cancer
of all types combined.
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No case of childhood cancer was reported in
179 offspring of patients surviving Wilms'
tumour after treatment in seven centres in the
USA and France (Li et al., 1988), and followed to
a median age of six years. In a study of 146
offspring of 78 survivors of unilateral Wilms'
tiгmоur in Great Britain and followed to a median
age of 6.8 years, three offspring developed Wilms'
tumour (RR = 287, 95% CI 59-837; Hawkins etal.,
1995b). Two of these were offspring of one female
survivor. In a study of 37 offspring of survivors of
unilateral Wilms' tumour followed to a median
age of under five years, one child developed
Wilms' tumour (Byrne et al., 1988).

Paternal age and Wilms' tumour
In a multicentre study in the USA, an
association between sporadic Wilms' tumour
(that is without a family history of the disease)
and paternal age was found, with a relative risk of
2.1 of the tumour in children of fathers aged over
55 years compared with children of fathers aged
under 20 (Olson et al., 1993b). Of a total of 3054
eligible cases, data on paternal age were not
recorded for 20%. Little difference iri the paternal
age distribution was found between patients with
bilateral and unilateral disease. Patients with
congenital anomalies, evidence of riephrogenetic
rests or with early or late age of onset had fathers
and mothers substantially older than other cases.
In other studies of Wilms' tumour, no paternal age
effect has been found, but these were too small to
be informative (Wilkins & Sinks 1984b; Bunin et
al., 1987; Olshan et al., 1993).

Congenital anomalies in relatives of
patients with Wilms' tumour
The frequency of congenital anomalies in
relative of cases with Wilms' tumour has been
investigated in two small studies. First, the
frequency of congenital anomalies was not
increased in a total of 59 livebom offspring of 27
women and the wives of nine men who survived
unilateral Wihus's tumour in childhood (Green et
аi., 1982). Second, in a study of survivors of
unilateral disease, wives of male survivors had no
apparent excess risk of problem pregnancies
(Byrne et al., 1988). Fifteen of 26 female survivors
had a total of 33 pregnancies. six of 18 liveborn
babies born to 12 women had congenital
anomalies. Three were compatible with anomalies
seen as part of the Wilms' tumour complex cryptorchidism, umbilical hernia and
hypospadias. A fourth was a ventricular septal
defect in a child who developed Wilms' tumour.
The remaining two cases were of hip dislocation
and are compatible with intrauterine constraint

following radiation-induced fibrosis. Among 36
infants of sisters of cases, three had congenital
anomalies.

Liver tumours
in a study of childhood cancer diagnosed
during the period 1971-83 in Great Britain,
three (2.2%) of 135 cases with liver tumours
(102 hepatoblastoma, 33 liver carcinoma) had
genetic conditions (Narod et al., 1991).
Hepatoblastoma has been associated with
familial adenomatous polyposis (Bishop & Hall,
1994).

Bone tumours
In a study of childhood cancer diagnosed
during the period 1971--83 in Great Britain,
none of 850 cases 0f bone tumours was
recorded as having a genetic condition (Narod
et al., 1991). Iп combined data from five series,
one of 16 twins with osteosarcoma (who also
was diagnosed with retinoblastoma) had a соtwin who developed retinoblastoma (Buckley et
а1., 1996). None of 21 twins with Ewing's
sarcoma, or 10 twins with a bone tumour not
otherwise specified had an affected co-twin.
No consistent excess of cancer of all types
counted was observed in first-degree relatives of
cases with bone tumours (Table 3.8). Iп the
study of parents of cases of childhood sarcoma
in Denmark described above, there was an
excess of breast cancer in mothers aged 45 years
when the sarcoma in the child was diagnosed at
ages under three years (Olsen et al., 1995).
Following a change in the classification of
Ewing's sarcoma to include Ewing's sarcoma of
bone and soft tissue and peripheral primitive
neuroectodermal tumours of bone and soft
tissue, an increased risk of melanoma (0/E 1.9,
95% CI 1.2-2.8), brain tumours (0/E 1.9, 95%
CI 1.1-3.0) and stomach cancer (0/E 2.0, 95%
CI 1.4-2.8) was observed in first-degree relatives
of patients with this group of tumours in a
study in the USA (Novakovic et al., 1994). In
earlier studies of Ewing's sarcoma, there was no
association with a family history of congenital
anomalies (Holly et al., 1992; Winn et al., 1992),
оr bone diseases (Winri et al., 1992).

Osteosarcoma and genetic markers
In a multicentre study in the USA and
Canada, seven of 235 (3.0%) children with
osteosarcoma had germ-line p.~3 mutations
(McIntyre et al., 1994). Such germ-line
mutations were first identified in children with
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Genetic factors and familial аggrепяйоп

Li-Fraumem syndrome (Malkin et aL, 1990). In
a study of 24 unrelated patients with
osteosarcoma (age range 7.5-18.3 years) from
various regions in Spain, who were typed for
HLA-АB7 and HLA-A antigens, there was a
significant increase in 'LA-Ai 1 and HLA-B7 in
osteosarcoma patients compared with a control
group consisting of 1000 blood donors from
different regions of Spain (Banna et al., 1993).
An increased frequency of the HLA-ALL antigen
was observed in a series of 20 patients in Japan
(Shimizu et al., 1990с) but increases in the
frequency of the НLА-B7 antigen have not been
reported in other studies (Tabacchi et al., 1982;
Shimizu et al., 1990с).

period 1971-83 in Great Britain, of 1003 cases of
soft-tissue sarcoma, 20 (2.0%) had genetic
conditions (Narod et al., 1991). Eighteen of the
cases had neurofibromatosis; the other two had
tuberous sclerosis. In a multicentre case-control
study of rhabdomyosarcoma in the USA, five of
249 cases (2%) had neurofibromatosis type 1,
compared with none of 302 controls р = 0.02;
Yang et al., 1995). In a study of 440 cases with
rhabdomyosarcoma in Japan, six (1.4%) had
neurofibromatosis type 1 (Matsui et al., 1993).

Soft-tissue sarcoma

Cancer in relatives of cases with softtissue sarcoma

Soft-tissue sarcomas are associated with the
Li-Fraumeni syndrome (Li et al., 1988). This
syndrome was first defined when review of the
medical records and death certificates of 648
childhood rhabdomyosarcoma patients resulted
in identification of four families i which
siblings or cousins had a childhood sarcoma (Li
& Fraumeni, 1969). In these four families, there
was a striking aggregation of breast cancer and
other neoplasms. Since the original description
of the syndrome, its existence has been
demonstrated in various geographical and ethnic
groups (Li et al., 1988). Sincе the original
association between rhabdomyosarcoma and
breast cancer was defined, the range of cancer
types included in the syndrome has been
extended to include brain tumours,
osteosarcoma, leukaemia and adrenocortical
carcinoma (Malkin et aL, 1990). Additional
possible component tumours include carcinomas
of the lung, prostate and pancreas, melanoma
and gonadal germ-cell tumours. These diverse
types of tumours in family members typically
develop at unusually early ages, and multiple
primary tumours are frequent (Malkin et al.,
1990). Germ-line mutations of the p53 gene have
been identified in some families with
Li-Fraumeni syndrome, but the extent to which
this accounts for the familial aggregation of the
component tumours is uncertain (Strong et aI.,
1992; Birch, 1994; Malkin, 1994). There may be a
subset of Li--Fraumeni syndrome families with a
distinct pattern of cancers (high frequency of
multiple primary cancers, osteosarcozna and
brain tumours) associated with specific germ-line
p53 mutations (Saritibafiez-Koref et al., 1991).
5oft-tissue sarcoma also is associated with neurofibromatosis type 1 (Yang et al., 1995). Tn a
study of childhood cancers diagnosed during the

Concordance in twins
1n combined data from five series, none of 46
twins with soft-tissue sarcoma had an affected
co-twin (Buckley et al., 1996).

The available data appear to be compatible
with a modest excess of cancer of all types in
first-degree relatives of cases with soft-tissue
sarcoma (Table 3.9). In the one available study
relating to second-degree relatives of affected
children, there was no excess risk (Hartley et al.,
1991b). A stronger excess has been observed for
mothers of small subgroups of cases with second
malignant neoplasms (Strong et al., 1987; Burke
et aL, 1991).
In a population-based study in Denmark of
1135 parents of 580 children with soft-tissue (n =
306) or osteogenic (п=274) sarcomas diagnosed
during the period 1943-85, the SIR for cancer of
all types in the mother was 1.1 (95% CI 0.9-1.3),
and that for the father 0.8 (95% CI 0.7-1.0; Olsen
et ai., 1995). Apart from a reduced rate of lung
cancer in the father and a slight elevation of risk
of multiple myeloma in the mother (SIR = 4.3,
95% CI 1.1-12, based on three cases), there was
no deviation of observed numbers compared
with expected numbers for any category of
cancer. There was an increase in the risk of breast
cancer before the age of 45 years in mothers who
had a child with cancer of any type before the
age of three. The SIR when the child was
diagnosed with a sarcoma was 2.9 (95% CI
1.4-5.3), while that when the child had other
types of cancer was 1.7 (95% C1 1.0-2.6). This
finding is compatible with the familial syndrome
of soft-tissue sarcoma, breast cancer and other
neoplasms in young adults and children initially
described by Li and Fraumeni (1969). Excesses of
breast cancer in mothers of children with softtissue sarcoma (Birch et al., 1990а) and in
mothers of children with osteosarcoma and
chondrosarcoma (Hartley et al., 1986; Garber et
aI., 1991) have been observed in other studies.
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Genetic factors and familial aggregation

compared with 20 of 361 sibs of controls (RR =
2.7, 95% CI 0.9-8.6; Savitz & Ananth, 1994).

Second primary tumours
In an international combined anaylsis of 1770
children diagnosed at ages up to 21 years with
rhabdOmyOsarCOma and recruited into clinical
trials, 22 second primary tumours were reported
(Heyn et al., 1993). A complete family history
was obtained for 16 of these patients. Three of
the patients had neurofibromatosis, and two of
these had a family history of this disorder.
Among the other 13 families no family history
of cancer was reported in one family only. Three
parents died of malignancies between the ages
of 30 and 40 years. The family history may be
compatible with the Li—Fraumeni syndrome.
In studies of families of children with softtissue sarcoma alive at least three years after
diagnosis in Texas, segregation analysis was
applied under the mixed model, that is
comprising independent effects of a major
gene, a multifactorial familial aggregation
component and a random environmental
component acting additively (Lustbader et al.,
1992; Strong et al., 1992). The cancer
distribution in 159 families (125 with an
affected first-degree relative) was found to be
more compatible with a rare autosomal
dominant gene than with random occurrence
or a multifactorial mechanism. It was estimated
that the postulated major gene was transmitted
in nine of the families, whereas in most families
the cancer distribution could be explained by
chance. If confirmed, this would suggest that
relatives of most patients with childhood softtissue sarcoma are not at an increased risk of
cancer.

Paternal age and sarcomas
No paternal age effect has been reported for
bone tumours or soft-tissue sarcoma (Hartley et
аl., 1988b) or rhabdomyosarcoma (Grufferman et
aI., 1982; Magnani et al., 1989; Ghali et al.,
1992).

Gonadal and germ-cell tumours
In a study of childhood cancer diagnosed
during the period 1971-83 in Great Britain, three
(0.7%) of 430 cases with gonadal and germ-ceLl
tumours had genetic conditions (Narod et al.,
1991). Two had 46ХУ gonadal dysgenesis and
one had Down's syndrome. In a populationbased study in Denmark of 125 cases of
germ-cell, trophoblastic or other gonadal
neoplasm in childhood, no excess risk of cancer
in either parent was observed (Olsen et a2., 1995).

Epithelial tumours
In a study of childhood cancer diagnosed
during the period 1971-83 in Great Britain, ten
(1.9%) of 524 cases with epithelial tumours had
genetic conditions (Narod et ai., 1991). Six of
these cases were from families with multiple
endocrine neoplasia type 2. In a populationbased study in Denmark of 176 cases of
carcinoma or other malignant epithelial
rneoplasm, no excess risk of cancer in either
parent was observed (Olsen et al., 1995).

Other conditions in families of cases
with soft-tissue sarcoma

Conclusions

Iп a population-based study of soft-tissue
sarcoma (181 cases) in the North Western
region of England during the period 1954-91,
14 (4.0%) of 357 sibs had serious congenital
malformations, a somewhat higher prevalence
than that at birth in surveys based on multiple
sources of ascertainment onextended follow-up
in Great Britain and the USA (Hartley et al.,
1994a). In this study group, miscarriages
occurred in 60% (3 out of 5) of the families iп
which the index case and/or a close relative had
been diagnosed with or showed diagnostic
features of neurofibromatosis, 33% (15 of 45) of
the families with Li—Fraumerri syndrome or
features of the syndrome, and in 18% (23 of
107) of the other families (Hartley et al., 1994).
In a study in Denver, Colorado, цSА, four of 31
liveborn sibs of cases with soft-tissue sarcoma
were reported to have major birth defects,

Cancers with a Mendelian mode of
inheritance, or associated with disorders with a
Mendelian mode of inheritance, constitute only
a small fraction of childhood cancer. No strong
evidence of familial aggregation is apparent for
the commoner types of childhood cancer.
Retinoblastoma is known to be of genetic
etiology. Strong familial aggregation has been
observed for a range of tumour types in the
Li—Fraumeni syndrome. There is a genetic basis
to the etiology of Wilms' tumour; at least three
genes are known to be involved in the
development of the tumour. Studies of second
primary neoplasms indicate that there is a
genetic relationship between retinoblastoma and
osteosarcoma, and that there may be such a
relationship between leukaemia and CNS
tumours, and also between thyroid tumours and
neuroblastoma.
в
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Chapter 4

Ionizing radiation
Residential exposure
Residential exposures to ionizing radiation
may be classified as those arising from point
sources in both space and time, such as the
atomic bomb explosions in Japan and accidents
at nuclear plants, from point sources in space,
i.e. nuclear installations, and those of a more
diffuse origin such as fallout from nuclear
weapons tests and domestic radon exposure.

Effects of doses received after
ter isolated
episodes of exposure: the atomic bomb
explosions at Hiroshima and
Nagasaki, August 1945
Offspring of women exposed during pregnancy
A total of 1630 children exposed in utero to the
atomic bomb explosions, i.e. whose mothers
were resident in Hiroshima on 6 August 1945 or
in Nagasaki on 9 August, and who were born
between this date and 31 May 1946, were
enumerated as alive on 1 October 1950; the great
majority (1401) were exposed iп Hiroshima.
Only two individuals developed cancer before
the age of 15 years, one of whom died at the age
of six with liver cancer and the other developed
Wilms' tumour at age 14 and subsequently died
of stomach cancer at the age of 35 (Yoshinioto et
al., 1988). Both had been heavily exposed. The
analysis was limited to subjects alive on 1
October 1950 because of the confusion in vital
statistics records immediately after the war, with
a possible bias whereby deaths may have been
identified as exposed in utero shortly after
notification of the fact of death. Iп some 1263
children aged under 15 years, the risk of cancer
could be followed completely from birth.
Dosimetry was based on shielding histories,
distances from the sites of the explosions, and
transmission factors averaged over all stages of
fetal development without regard to orientation
or posture at the time of exposure. The mean
dose to the uterus was 0.184 gray (1 gray = 100
rad). As already mentioned, two children
developed cancer, giving an estimated increase
in the risk of childhood cancer of 279 per 10 000
population-gray. Yoshimoto et a2. (1988) noted

that this is compatible with the excess risk
associated with exposure to diagnostic X-rays in
utero, estimated as 572 per 10 000 populationgray (SitheIl & Stewart, 1975). An earlier analysis
had suggested a much smaller effect in the
Japanese data, based on the occurrence of one
case of cancer before the age of 10 years (Jablon
& Kato, 1970). Kneale and Stewart (1978)
attributed this apparent disparity to damage to
the reticuloendothelial system in infants
exposed in utero to the atomic bomb explosions,
leading to a risk of death at an early age from
infectious diseases. Mortality in children aged
less than 1 year was high in the group that
received the highest dose, but there is no
evidence as to the risk of infectious disease.
Mortality may have been underestimated
because of a tendency in Japan to report early
neonatal deaths as stillbirths, but there is only
limited evidence from Nagasaki of an association
between fetal mortality and distance of the
mother from the hypocentre of the explosion;
the data on childhood cancer are mainly from
Hiroshima, there are no data specifically relating
stillbirth and dose, and vital statistics records are
incomplete for the period immediately
following the bombing.
Yoshimoto et al. (1988) also presented data on
an overall 40-year follow-up of the 1630
survivors exposed to the bombing in utero. In
addition to the two cases of childhood cancer
already discussed, 16 cases of cancer were
ascertained in adults. Incidence increased, and
age of onset decreased, with increasing dose. The
estimated relative risk of cancer at any age
associated with a dose of one gray absorbed by
the uterus was 3.8 (95% CI 1.1-13.5), the
estimated average excess risk per 10 000 personyear-gray among survivors receiving 0.01 Gy or
more was 6.6 (95% CI 0.5-14.5), and the
estimated attributable risk was 40.9% (95% CI
2.9-90.2). These indices were 30-40% lower
when estimation was limited to cancer in
subjects aged 15-39 years. The increase was not
confined to any specific type of cancer. Only two
cases of leukaemia were observed, associated
with doses to the uterus of 0.02 and 0.04 Gy.

Ionizing radiation

control subject. Thus, as there was no evidence
of radiation carcinogenesis other than leukaemia
in the early years of follow-up, the authors
considered mortality and morbidity only after
1955. During the period 1955-69, there was a
small excess of mortality from leukaemia (O/E =
2.9) but not other cancers (observed = 0,
expected = 3.7) for those with dose estimates of
0.1-0.99 Gy. For higher doses, there were
significant excesses of both leukaemia (О/Е =
19.1, eight cases observed) and other cancers
(О/Е = 7.3, eight cases observed). There was rio
specificity as to the site of cancers other than
leukaemia.
subsequently, the method of estimating
individual doses has been questioned. Reanalysis has been carried out using a revised
method of calculation, and the period of followup has been extended to 1985 (5himizu et ai.,
1990Ь). The revised dose estimates were
available for 15 895 subjects aged under 10 years
at the time of bombing (Shimizu et al., 1990с),
77% of the total investigated by Jablon et al.
(1971). In the group for which the estimated
dose was greater than 1 gray, the cumulative
death rate due to cancer was 25.9 per 1000, four
times the rate of 6.5 per 1000 in subjects either
not in the cities at the time of the bombing, or
in the cities but with exposures estimated as less
than 0.1 Gy (Shimizu et ai., 1990b). The age of
onset of cancer was earlier in the former group.
The group with exposures of 0.50--0.99 Gy
exhibited an intermediate pattern. The relative
risk of leukaemia peaked 6-8 years after the
bombing, and tended to decrease with years
after exposure, irrespective of age at the time of
the bombing. For other cancers, the relative risk
was higher the younger the age of the subject at
the time of bombing, and there was no
statistically significant change with years after
exposure after adjusting for age at exposure.
Although overall it appears that radiationinduced cancers increase significantly only
when survivors attain the ages at which the
specific cancers occur in unexposed populations,
these data suggest that exposure at high doses
before age 10 years is followed by early onset.
However, although follow-up in this group was
largely complete to age 40, the majority of
survivors had not yet reached the age of 50.
Jablon et al. (1971) also reported data on
cancers other than leukaemia or thyroid
tumours ascertained from cancer registries and
surgical-pathology files from hospitals in the
cities, and from medical files on a subsample of
20 000 (18%) of the total cohort of 109 000
subjects (82 000 atomic bomb survivors and

This contrasts with the pattern for survivors of
the bombing in general, among whom
leukaemia is the main cancer seen. It is
noteworthy that the number of deaths from
non-cancer causes was three times that expected
for doses of 0.6 gray or more, but only three of
the 10 deaths were from infection. The
migration rate appears to have increased with
exposure, and this differential migration may
have led to underestimation of the absolute risk
of cancer by 15-20%.

Other offspring of exposed indгviduals
The occurrence of cancer up to the age of 20
years in the offspring of parents from Hiroshima
and Nagasaki born between 1 May 1946 and
1982 has been investigated (Yoshimoto, 1990;
Yoshimoto et al., 1990). Among 31150 children
born to parents one or both of whom were less
than 2000 m from the hypocentres of the
explosions, aid thereby received a dose of more
than 0.01 Sv, 43 malignant tumours were
ascertained, giving an incidence of 7.8 per
100 000 person years. This is slightly greater
than the incidence of 6.7 per 100000, 49 cases
among 41066 offspring matched on age, sex and
city, born to parents both of whom were either
more than 2500 m from the hypocentre or not
in the city at the time of the bombings. There
was no statistically significant dose—response
association with combined parental gonadal
dose. Specific types of childhood cancer were
considered in three groups: (1) leukaemia; (2)
tumours considered to be heritable, comprising
retinoblastoma, Wilms' tumour, osteosarcoma,
renal sarcoma, embryonal carcinoma of the
testes, and neuroblastoma. On the basis of
family studies, all of these tumours could be
viewed as the result of germ-line mutation in the
preceding generation (Fo) and a somatic cell
mutation, or as a double somatic mutation in
the F1 generation; (3) other tumours. There was
no trend in risk with dose for any of these
groups. Follow-up of this population is
continuing (Yoshimoto, 1990).
Children who were exposed postпataIly
Jablon et a1- (1971) investigated the incidence
of cancer in 15 584 survivors alive on 1 October
1950 who were iп Hiroshima and Nagasaki at
the time of the explosions and aged under 10 at
that time, and 5025 controls who were normally
resident in the cities but not there at that time.
Leukaemias greatly outnumbered other cancers
from 1950 to about 1960. The first cancer death
not ascribed to leukaemia was in 1954, of a
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leukaemia, this being substantially lower in the
group exposed in utero. The apparently low risk
associated with intrauterine exposure has been
considered inconsistent with studies which
show an association between childhood
leukaemia and prenatal diagnostic X-ray
exposure (Bocce, 1990). No significant difference
in risk of radiation-related cancer has been
found following exposure in different
gestational periods (Yoshimoto et al., 1988).
In considering the effects on childhood cancer,
the data are limited by the delay between
exposure and forming the cohort, and this delay
will have included a period of considerable
social and economic upheaval at the end of the
5есопd World War. Cancer risk in survivors may
have been influenced by thermal and blast
effects, malnutrition, sanitary conditions,
infectious disease, and other health problems
(Bocce, 1990). For individuals exposed as
children, the rates of cancer were higher in those
not in the cities at the time of bombing than in
those who received the lowest exposure (0-0.09
Gy); the difference was not accounted for by
associations with city, sex or use of medical
services (jablon et al., 1971). The group of
subjects not in the city at the time of bombing
comprised immigrants from rural areas and
individuals returning from Korea, Manchuria,
China and south-east Asia. The authors
considered that the différences between these
subjects and subjects who were in the cities at
the time of bombing are likely to be much larger
than those within the latter group—geographic
stratification of residence by income level is
stated not to have been prominent, but it is not
clear whether this was assessed at the time of
bombing, which seems implausible, or at the
time of the 1950 census, when the cohort was
identified. The main argument against
confounding by socioeconomic factors is that
the difference in risk between subjects receiving
high and low doses 1s much greater than that
between subjects receiving low doses and those
not in the cities. Additional difficulties are that
many of the analyses are based on death
certification rather than measures of cancer
incidence, and that there are doubts about the
accuracy of dose estimates.

27 000 not in the cities at the time of the
bombings) identified from the national census
in 1950 in whom mortality is being monitored.
The authors acknowledge that follow-up is
incomplete, since if the subject did not seek
treatment or received medical care outside the
two cities, the diagnosis would not have been
notified unless it were later identified as a cause
of death. A significant trend of increase with
increasing dose was identified, based on 24
cases, the relative risk associated with doses
estimated to have been greater than 1 Gy being
6.1 as compared to subjects not iп the cities at
the time of bombing or having received doses
less than 0.1 Gy. The rate increased rapidly after
1960 in all categories of dose as the children
came into adulthood. There was no specificity as
to the type of turnout. The investigators also
considered thyroid cancer detected by clinical
examination in the subsample whose medical
records were reviewed. These subjects were
examined every two years. Among 1819 subjects
aged under 10 years at the time of the bombing,
with the baseline defined as above, the relative
risk associated with estimated exposures of
0.1-0.99 Gy was 1.9, and with higher exposure
5.8. For the remainder of the subjects (n =
18 698), no cases were observed in the group
estimated to have exposures of 1 Gy or more, but
numbers were small; the relative risk associated
with exposures of 0.1-0.99 Gy was 6.1.

Overall comment on data from Hiroshima and
Nagasaki
No substantial increase in the overall risk of
cancer has been observed in the survivors'
offspring who were not exposed in utero.
Therefore, the emphasis of concern has moved
from genetic to somatic effects (Yoshimoto,
1990). Increased risks of cancer in adult life have
been observed in individuals exposed in utero
and in childhood. Based on incidence data, the
average excess risk of cancer associated with
exposure for those exposed in utero is 6.6 per
10 000 person-year-gray, and those exposed at
ages 0-9 years, based on mortality data, 5.2 per
10 000 (Yoshimotp et aL, 1988). These excess
risks are quite similar, although one estimate is
based on incidence and the other on mortality,
and both are based on small numbers of cases of
cancer. With continuing follow-up, an increase
in the frequency of radiation-induced cancer
may become apparent as the individuals
exposed in utero age and it will be interesting to
subdivide the analysis for the 0-9-year age group
(Shimizu et al., 1990b). An important difference
between the two groups lies in the risk of

Doses received after isolated episodes
of exposure: accidents at nuclear
plants
Three reactor accidents are known to have
caused measurable exposures to the public:
Windscale in 1957, Three Mile Island in 1979,
and Chernobyl in 1986 (UNSCEAR, 1988).
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Following a request by the Three Mie Island
Public Health Fund, a court-supervised fund
created to address concern about public health
issues among residents of the area surrounding
the plant, the association between cancer
occurrence in the area and radiation releases
from the plant was investigated by an ecological
analysis of cancer incidence and accidental and
routine releases from the plant (Hatch et al.,
1990), and of background radiation (Hatch &
Susses, 1990). The analysis covered 69 study
tracts within a 16 km radius of the plant during
the period 1975-85. Cases were ascertained from
records of all 19 hospitals within 48 km (30
miles) of the plant, and of six referral hospitals
in the nearby cities of Philadelphia, Pittsburgh
and Baltimore. The addresses of 4% of all cases
(children and adults; details are not given
separately for children) could not be assigned
with certainty, and such cases were apportioned
among likely tracts according to the relative
population size of each tract. Relative exposures
of the study tracts were assigned, the absolute
values being uncertain but thought to be low.
Releases due to the accident and routine
emissions were estimated by dispersion
modelling. In this modelling as applied to
exposures from the accident, estimates of
radioactive release were derived from the only
monitors within the plant that remained on
scale during most of the period of the accident.
Good agreement (correlation coefficient 0.92)
was observed between exposures predicted from
20 dosimeters located around the plant during
the accident and the dispersion model. The
distribution of background gamma radiation was
derived from measurements made in an aerial
survey in 1976, and exposure estimates were
based on absolute measurements. Annual
exposures of this type were in the range 0.5-1.0
mSv compared with an average of 0.1 mSv from
accidental releases over four days (median
exposure in highest quartile 0.4 mSv) and 0.001
mSv per year from routine emissions.
The results relating to childhood cancer are
summarized in Table 4.1. National rates from the
SEER for 19 78--81 were used to estimate expected
incidences in the calculation of standardized
incidence ratios, and are generally comparable
with cancer registration rates reported for southcentral Pennsylvania. The incidence of total
childhood cancer in the Three Mile Island area
was similar to national rates, but that of
childhood leukaemia was well below national
rates, despite the inclusion of regional referral
units in case-finding. Analysis was performed for
the pre-accident period (1975--March 1979) and

The Windscale reactor fire, October 1957
The fire began during a routine release of energy
stored in the graphite of one of the piles whose
main use was the production of material for the
British weapons programme (UNSCEAR, 1982).
The fire lasted for three days and major releases of
1311 occurred on two occasions, once when air flow
was directed to the core in an attempt to cool it,
and again when water was pumped into the
reactor which extinguished the fire. The other
radionuclides released in significant quantities
were 210Po and 137Cs (NRPB, 1984). The reactor has
not been used since. The National Radiological
Protection Board (NRPB, 1984) estimated the
contribution of different sources to the total risk of
radiation-induced leukaemia for persons up to the
age of 20 or until 1980, in seven cohorts assumed
to have been born at five-year intervals from 1945
to 1975. Among five sources—the fire, routine
discharges, fallout from atmospheric tests of
nuclear weapons, diagnostic and therapeutic
irradiation, and natural background radiation the smallest estimated contribution was from the
fire (1.6% overall), varying between a maximum of
3.5% for the 1950 cohort and a minimum of 0.1%
for the 1975 cohort. Regarding other fatal cancers,
the only type for which the fire is estimated to
have made a substantial contribution is thyroid
cancer because of the release of 131I, 54% of which
is attributed to the fire for ai seven cohorts. The
authors conclude that in a hypothetical
population of 1225 children born in Sеasсale
between 1945 and 1975, and followed to 1980, a
total of 0.1 radiation-induced leukaemias would be
expected in children under 20 years. The expected
number is of a similar order, or less, for specific
types of radiation-induced solid cancer. The
numbers expected as a result of the fire are even
lower. Empirical data for West Cumbria, the area in
which Sellаfield and Sеаscale are located, are
discussed below.
The Three Mile Island accident, March 1979
As a result of the Three Mile Island accident, a
total of 370 GBq of noble gases, mainly 1ззХе,
and 550 GBq of 131 I, were released into the
atmosphere (UNSCEAR, 1982). Individual levels
of dose averaged 1.5 x 10-5 gray within 50 miles
(80 km) of the plant, approximately 1% of the
background level, and the official estimate of the
maximum аbsarbéd dose received by a member
of the public is 85 x 10-5 gray (Kemeney, 1979).
Pregnant women and those with pre-school
children resident within 8 km of the plant were
advised to leave the area two days after the
accident; this advice was rescinded 10 days later
(Tyror, 1989).
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the post-accident period, allowing for two-year
(1981-85) and five-year (1984-85) latency
intervals after the accident. No association was
apparent between emissions due to the accident
and total childhood cancer. A relative risk of 2.3
(95% CI 0.6-10.3) of leukaemia for the highest
versus the lowest quartile of exposure was seen,
based on one case in each category.
Data on routine emissions were considered for
the periods 1975-March 1979, when the plant
was in operation, and April 1979--85, when the
plant was not in operation. For total childhood
cancer, a relative risk of 2.0 was found for the
highest quartile of exposure versus the lowest
during the period the plant was in operation,
based on 3 and 4.4 exposed cases respectively.
The fractional number of observed cases is a
result of the allocation of cases across study
tracts where address information did not specify
exact location. No dose-response pattern is
apparent from consideration of standardized
incidence ratios. For childhood leukaemia, a
raised relative risk was observed for the period
when the plant was not in operation, but the
confidence intervals are extremely wide.
For the overall eleven-year period 1975-85, the
relative risk for total childhood cancer associated
with background gamma radiation was 2.7 (95%
CI 1.3-5.6), based on 9.7 cases in the highest

quartile of exposure aid 13 in the lowest. For
leukaemia, the relative risk was 3.2 (95% CI
0.5-19.3) based on 2 and 3 cases respectively.
Hatch and Susser (1990) observed that
conventional risk models would not predict a
detectable increase in the incidence of
childhood cancer from background gamma
radiation. The association for childhood
leukaemia, which is based on very small
numbers of cases, has to be viewed in the
context of the rate being well below the national
rates, and the possibility of incomplete
ascertainment cannot be excluded. Thus, the
data on childhood leukaemia are inadequate to
assess a possible association with emissions
arising from the accident. For total childhood
cancer, no association is apparent with
emissions due to the accident.

The Chernobyl accident, April 1986
To date, the most serious accident in a nuclear
power station is that which occurred at the
Chernobyl plant, about 100 km north-west of
Kiev and 310 km south-west of Minsk, in the
former USSR, on 26 April 1986 (UNSCEAR, 1988).
The official death toll by the first anniversary of
the accident was 31, most of whom were
emergency workers and plant personnel who died
of acute radiation sickness (Gale, 1987; WHO,
94
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Naroditchy and Ovrutch in Ukraine, the areas
with the highest levels of radioactive caesium in
the soil outside the 30 km zone of evacuation
around the plant (Prisyazniuk et al., 1991).
Gibson et a1. (1988) compared observed and
expected numbers of registrations of childhood
leukaemia in Scotland in 1981-86 and 1987,
expected numbers being calculated from data for
1971-80, to follow-up clinical observations of an
unusually high number of children diagnosed
with leukaemia in Scotland from 1987 onwards.
Some 48 cases were observed in 1987 in
comparison with an expected 35. This excess
was entirely accounted for by cases under the
age of five years. The observed numbers for the
period 1981--86 were similar to those expected
for this age group, and for older children were
somewhat below those expected. The authors
considered that bias of ascertainment was
unlikely to explain the findings. Indeed, any
bias would have been expected to arise from late
registration of recent cases, which would result
in the observed number of cases in 1987 being
an underestimate. No evidence of small-area
clustering of cases in the 0-4-year age group was
found—the excess was spread over a large part of
central Scotland. In view of concern about the
effects of the Chernobyl accident, whole-body
scanning for radiocaesium was done in some
children and their mothers, but no increased
levels were found compared with control

1987). Other than the workers in the plant, the
groups thought to be most at risk from radiation
are the 115 000 people living within a 30-km
radius, who were evacuated (WHO, 1987), and
about 245 000 decontamination workers
(Dickman, 1991).
Data on the geographical distribution of
radiation exposures occurring as a result of the
fallout have been reviewed by the United Nations
Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR, 1988). Release of material
over a ten-day period, together with wind
changes over Europe, led to areas of highest
deposition in (1) the western part of the former
USSR, Finland and Sweden (2) central Europe,
notably Poland, Austria, Bavaria, eastern
Switzerland and northern Italy and (3) Romana,
Bulgaria and parts of Yugoslavia and Greece.
Outside the former USSR, the highest effective
dose equivalents in the first year after the
accident were 760 µSv in Bulgaria, 670 µSv in
Austria, 590 µSv in Greece and 570 µSv in
Romania. The average annual effective dose
equivalent from natural sources is 2400 µSv.
Overall, 75% of exposure resulted from the
consumption of contaminated food, while the
main source of external exposure was from
deposition of radionuclides on the ground.
However, deposition of radionuclides on the
ground was higher in areas which experienced
heavy rainfall at the time of the accident, notably
Austria aid some of the Nordic countries, while
food-chain exposure in southern European
countries was the major pathway of exposure, as
several crops were ready for harvesting and dairy
cattle were grazing on new forage (Bertazzi,
1989). The principal radionuclides involved were
iodine-131 (half-life 8 days), caesium-134 (halflife 2.1 years) and caesium-137 (half-life 30 years).
The caesium isotopes continue to be a source of
exposure because of their longer half-life and
accumulation in foodstuffs.

subjects.

Cartwright et al. (1988) subsequently
examined registrations in the under-five-year
age group in a system especially designed to
ascertain leukaemia in Cumbria, South Wales
and Yorkshire (higher fallout areas) and in the
Treat and the South Eastern regions of England
(lower fallout areas) during the period 1984-88.
No evidence for higher rates in birth cohort data
related to the accident was found, but the
authors noted that follow-up was insufficient.
The International Agency for Research on
Cancer is co-ordinating a study of childhood
leukaemia and non-Hodgkin lymphoma (the
European Childhood Leukaemia/Lymphoma
Incidence Study; ЕCLIS) based on registries in 16
countries in Europe outside the former USSR and
in five areas within the former USSR, (Parkin,
1990). The areas within the former USSR
comprise Belarus (formerly Byelorussia), where
the annual first-year effective dose equivalent is
estimated to have been 1950 µSv, five oblasts in
the Russian Federation with an estimated dose of
440 µSv, a further five oblasts in the Federation
with a dose of 135 µSv, and Estonia and
Lithuania, each with doses of 135 µSv. The study

— The Chernobyl accident and childhood leukaemia
Ivanov et al. (1993) reported that there was no
appreciable change in the incidence of acute
leukaemia i children either in Belarus as a
whole or in the Gomel and Mogilev regions, the
most highly contaminated areas, during the
period 1986-91 compared with the period
1979-85. Cases were ascertained from
haematology departments, oncology centres,
autopsies and vital records.
No marked change in the incidence of
childhood leukaemia or all other childhood
cancers except that of the thyroid was observed
during the period 1981-90 in Polesskoye,
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does not include the highly exposed areas in
Greece or Romania. On the basis of estimates of
effect made by the US National Research Council
Committee on Biological Effects of Ionizing
Radiations (1990), in turn based on data from
the follow-up of survivors of the bombings in
Japan using the estimates of dose revised in
1986, Parkin estimated that an average increase
in the number of cases of 0.8% was expected,
with a maximum in Belarus of around 6%. These
estimates were based on first-year effective dose
equivalents and doses in subsequent years would
be less. Several evaluations suggest that increases
of this order are unlikely to be detectable (e.g.,
Pershagen, 1988; Gale & Butturini, 1991), but
there remains considerable public concern about
the health effects of the accident (Darby &
Reeves, 1991) and in the evaluation made for the
Commission of the European Communities
(1990), it was suggested that it might be possible
to detect an effect if the estimates of risk were
too low by a factor of five (Mole, 1991). Mole
(1991) has commented on the considerable
problems of ensuring comparability in this
study. Uncontrolled confounding would be a
major difficulty if areas were compared, but is
less of a problem in the analysis of time trends
within areas, which is the main focus of the
study. In addition, he observed that inadequate
data for the period before the accident, lack of
information about the evacuation of individuals,
and inadequate detail about deposition of debris
from the explosion would make a survey of
childhood leukaemia in the 25 000 most highly
exposed individuals who lived or worked near
Chernobyl worthless. There is some uncertainty
about the dose—response relationship between
childhood leukaemia and postnatal exposure to
ionizing radiation because of the lack of data for
the first five years following the atomic
bombings in Japan (Parkin et ai., 1993 a). Unless
current knowledge of the effects of low doses of
ionizing radiation is grossly incorrect, the main
benefits of surveys of the health effects of the
accident are to be seen to respond to public
concern, to stimulate registration in areas where
this has not been extensively developed, and to
stimulate contact between registries.
In a preliminary analysis of data from 30
regions, there was a 41% increase in the
leukaemia incidence in 1987-88 compared with
1980-85, but this may have been accounted for
by improvements in the quality of the incidence
data (Parkin et al., 199За). In addition, there was
no association between the change in incidence
and effective dose in the first year estimated for
the individual regions. Subsequently, in an

analysis of data from 35 regions during the
period 1980-91, an average annual increase of
0.06% in the overall age-standardized rate of
childhood leukaemia was observed in the period
1980-86 (Parkin et al., 1996). There was no
indication of an increase in the gradient of this
trend in the period 1987-91 (average annual
increase 0.4%), following the Chernobyl accident. Moreover, the overall geographical pattern
of change was unrelated to environmental
exposure to ionizing radiation resulting from the
accident. As acknowledged by the authors, the
study had low power to detect a trend in risk
.
with dose at this stage of follow-up.
Country-specific results have been published
from four of the countries participating in the
ЕCLIS study, namely Finland, Germany, Greece
and Sweden (Auvinen et aL, 1994; Hjalmars et
ai., 1994; Petridou et al., 1994; Michaelis et ai.,
1997а). While in some, detailed exposure
assessment was possible, the statistical power of
these analyses was low (Ambach & Rehwald,
1994; Parkin et a1., 1996).
Auvinen et ai. (1994) assessed external
exposure as the cumulative dose over the twoyear period following the Chernobyl accident in
455 Finnish municipalities. Values specific to
municipalities were corrected for shielding,
based on the population of blocks of flats in
each municipality, and for fallout from atomic
weapons testing. Internal exposure was
estimated from whole-body measurements on a
random sample of 81 children in June 1986 and
April 1988. The mean effective dose for the twoyear period after the accident was calculated
from these measurements. The population
weighted mean effective dose was 4.0 µSv for the
whole country and 9.70 µSv for the fifth of the
population with the highest dose. Data on
childhood leukaemia were obtained from the
Finnish National Cancer Registry and verified
through hospitals treating childhood cancers for
the period 1976-92. Overall, no clear increase in
the incidence of childhood leukaemia in the
period after the accident was detected. In the
population with the highest quintile of
exposure, the standardized incidence ratio (SIR)
for the period 1989-92 was 1.2 (95% CI 0.9-1.6).
This finding was based onone to two extra cases
per year in 1990-92, but not in 1989. The SIRS
for the period 1978-85 and 1986-88 were below
unity.
In Greece, parts of which were exposed to
fallout from the Cherriobyl accident at levels as
high as those in countries bordering the former
Soviet Union, 17 regions were defined according
to levels of caesium-137 fallout radiation from
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born in the remainder of the period 1980-90
(Mangano, 1997). There was no such increase for
leukaemia diagnosed at age 1-4 years.
In Germany, an increase in the incidence of
infant leukaemia in children born in the period
1 July 1986 to 31 December 1987 in the former
Federal Republic after the Chernobyl accident
compared with those born in the period
1980-85 and 1988-90 was observed (rate ratio
1.5, 95% CI 1.0-82.2; Michaelis et al., 1997а).
However, when the analysis was stratified
according to Ievel of deposition of caesium-137
on the ground, no relationship between level of
exposure and incidence was apparent. In
addition, it was noted that the dose rate in the
first days after the accident were 23 times higher
than in the last month of 1987, because of
decline in the activity of short-lived radionuclides and because surface contaminations in
the environment and on food were quickly
washed out. Michaelis et al. (1997а) postulated
that levels of radiation exposure in utero would
have been higher for children born in the period
July 1986 to March 1987 than in the period April
to December 1987. The rate ratio for leukaemia
in children born in the former period was 1.29,
compared with 1.67 for those born in the later
period, which is not consistent with an effect of
fallout from Chernobyl.
In addition to these studies, investigations of
time trends in the incidence of leukaemia in
Bulgaria during the period 1981-93, Bavaria
(Germany) during the period 1983-93 and in
leukaemia mortality in Romania during the
period 1980-92, in relation to the Chernobyl
accident were summarized by Sali et al. (1996).
No changes in leukaemia incidence or mortality
which could be clearly related to the accident
were observed, but the statistical power of these
analyses was low.

the accident and radium-226 background
radiation (Petridou et al., 1994). Cases of
childhood leukaemia were ascertained from
patient discharge data from all hospitals in the
country in which childhood leukaemia was
treated. The incidence was compared between
the pre-accident period (1980 June 1986), the
immediate post-accident period (July 1986 to
June 1988) and the period July 1988 to June
1991, this being considered to accommodate the
presumed latent period of the disease. It was
postulated that no biologically relevant increase
in the incidence of leukaemia would have
occurred in the immediate post-accident period,
but that increased awareness aid scrutiny for
leukaenhia might have occurred. There was no
evidence of an increased incidence of childhood
leukaemia in any of the regions during either of
the two post-accident periods. In addition, there
was no association between childhood
leukaemia by region and either fallout or
background radiation. However, the authors
acknowledged that the study did not have
adequate power to rule out an increase in
leukaemia as a result of the accident.
subsequently, Petridou et a1. (1996b) reported a
significant excess of leukaemia in children
diagnosed at ages under one year exposed to
fallout from Chernobyl in utero, defined as born
in the period July-December 1987, compared
with those born in the periods 1980-85 and
1988-90 = 2. 6, 95% CI 1.4-5.1). There was no
excess for this birth cohort between the ages of
one and four years.
In Swеdeп, radiation exposure was measured
using an airborne spectrometer during the
period May-October 1986 (lljalmars et al.,
1994). The incidence of childhood leukaemia in
areas with a ground-level caesium-137 activity of
10 kBq/тz or more after the accident was
compared between the period 1980-May 1986
and June 1986-92. The method of ascertainment
of cases was not specified. There was no
statistically significant difference in rate either
overall, for acute lymphocytic leukaemia (ALL),
or for subgroups defined by age. In addition, the
association between the incidence of leukaemia
with the level of contamination in the period
after the accident was investigated. No
association was found either when residence at
diagnosis or residence at birth was considered.
In the USA, where levels of fallout due to the
Chernobyl accident were much lower than in
Greece, the incidence of leukaemia diagnosed in
the first year of life in cancer registration areas
covering 19% of births in the country was 30%
higher for those born in 1986-87 than for those

— The Chernobyl accident and thyroid cancer i
childhood
A substantial increase in the incidence of
thyroid cancer in childhood has been reported
in the areas that received the highest exposures
in Belarus (Kazakov et al., 1992; Saverstock et aL,
1992). There was a marked increase in frequency
from 1990 onwards compared with the average
for the period 1986-90. In the Gomel region,
Belarus, over which the plume passed in the first
few hours after the major release of radioactivity,
and in consequence received the highest fallout
from Chernobyl, the incidence in 1991 and the
first part of 1992 was approximately 80 per
million children per year. In most studies, the
incidence of thyroid cancer in children has been
97
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reported to be of the order of 1 per million per
year. The authors considered that improved
ascertainment could have had only a limited
role iп the increase in reported incidence, as the
proportion of resected thyroid nodules that were
malignant was high and the type of tumour was
aggressive. The histopathological findings of
cases undergoing surgery between 1986 and
1991 were described by Furmanchuk et al.
(1992). Histological examination of thyroid
glands removed from 93 of 101 cases diagnosed
in Belarus between 1986 and 1991 confirmed
the diagnosis of malignancy in 92.5% of
patients. The pathological characteristics of the
tumours were similar to those reported for other
series of thyroid cancer in children (Williams et
аL, 1993). The ratio of thyroid cancer in children
to that in adults increased dramatically,
although the investigators commented that the
incidence in adults was also beginning to
increase. However, in a study conducted four
and a half years after the accident, there was no
difference in the incidence, prevalence and characteristics of thyroid nodules detected by
ultrasonagraphy between subjects living in
seven highly contaminated villages around
Chernobyl and those living in six control
villages (Mettler et a1., 1992). The findings were
similar to those reported for unexposed
populations in other countries.
As well as in southern Belarus, a high
frequency of thyroid tumours in children has
been reported in northern Ukraine and more
recently in the Bryansk region in the Russian
Federation, close to Chernobyl (Williams, 1994;
Stsjazhko et aL, 1995). Prisyazhiuk et aI. (1991)
considered trends in the incidence of thyroid
cancer in children in Poleskoye, Naroditchy and
Ovrutch in Ukraine, the areas with the highest
levels of radioactive caesium in the soil outside
the 30-kin zone of evacuation around the plant.
No cases of thyroid cancer in the 0-14—year age
group were observed in 1981-89, but three cases
were observed in 1990. The data were obtained
from record review in regional and district
hospitals and specialist institutes, and death
registrations. Screening for thyroid cancer began
after the accident and was intensified after 1988,
especially among children from contaminated
areas. It is not known whether the three cases
observed in 1990 were detected at screening or
presented with symptoms.
In Belarus and Ukraine, a substantial
proportion of the thyroid cancers detected in
children were detected within five years of the
accident (Bocce & Linet, 1994). This apparently
short latent period is inconsistent with data on

the effects of fallout from nuclear weapons on
inhabitants of the Marshall Islands, where the
first thyroid tumour occurred nine years later
than the weapons tests there (Couard, 1984),
and with a combined analysis of all major
studies of childhood irradiation, where fewer
thyroid tumours than expected occurred within
five years of exposure (Ron et al., 1995).
With regard to the apparent increase i
incidence of thyroid cancer in children in areas
heavily contaminated by fallout from
Chernobyl, some commentators considered that
the potential importance of changes in
ascertainment had been underestimated,
particularly as no data were presented on the
relative proportions of cases detected as a result
of screening and as a result of clinical symptoms
(Beта1 & Reeves, 1992; Shigematsu & Thiessen,
1992). Later it was stated that between 40% and
70% of all cases diagnosed in Belarus were found
through a programme of armual screening by
palpation of the neck, ultrasound imaging and
thyroid hormone testing (Stsjаzhkо et al., 1995).
Bеrа1 and Reeves (1992) observed that the great
majority of the children had papillary
carcinomas, whereas work elsewhere has shown
that fewer than half the thyroid cancers which
cause clinical disease are papillary. At autopsy,
the prevalence of occult papillary carcinoma has
been found to be 2% at ages 0-15 and 22% at
ages 16-30 years (Franssila & Harach, 1986).
Most occult lesions found at autopsy with a
diameter of greater than 2 mm show invasion
into the surrounding tissue. In a study of the
morphological and clinical features of tumours
from 86 cases of thyroid cancer in children aged
5-14 years at diagnosis treated in Minsk in
1991-92, Nickiforov and Gnepp (1994) found
papillary carcinoma in 83 cases and medullary
carcinoma in one. The tumours usually were
aggressive, often demonstrating diffuse
intrathyroidaI tumour dissemination, thyroid
capsular and adjacent soft-tissue invasion and
cervical lymph-node metastases.
Ron et al. (1992) compared incidence rates of
thyroid cancer in adults before and after the
implementation of a screening programme for
thyroid cancer in the USA. The screening
programme was implemented following
publication of newspaper articles drawing
attention to the excess of thyroid cancer among
people treated with head and neck radiation,
and was directed to patients who had received
such treatment. in the six-year period after the
introduction of screening, compared with a
previous period of unspecified length, the
age—sex-adjusted incidence rates of malignant
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thyroid nodules increased seven-fold, and of
total thyroid cancer 17-fold, similar to the
magnitude of increase observed in Belarus. To
minimize the effect of radiation exposure, the
analysis was repeated for subjects who had
received less than 50 centigray exposure. Iп this
group, the difference was even greater.
Therefore, work is needed to clarify the effect of
screening on the recorded incidence of thyroid
cancer in children in Belarus. Ultrasound
equipment, which would aid diagnosis, was
installed only after the Chernobyl accident
(Bertin & Lallemand, 1992). There is also a need
for analyses of changes in incidence by recorded
level of exposure (Bera1 & Reeves, 1992;
5higematsu & Thiessen, 1992). No relationship
between individual dose and the rate of thyroid
cancer has been found (Bocce & Linet, 1994).
The area of southern Belarus, northern Ukraine
and the Briansk region of Russia is low in natural
iodine salts and is recognized as an area of mild
endemic goitre (Williams et aI., 1993). In the late
1970s, the diet of the population had been
supplemented with iodine, but this practice had
fallen into abeyance by the time of the accident.
As a consequence of the low level of natural
iodine in the diet, any additional iodine,
including radioactive, would have been taken up
rapidly by the thyroid. While potassium iodine
tablets were reported to be widely distributed in
the affected regions, a prophylactic measure
intended to block the uptake of radioactive
iodine in the thyroid, it is thought that this was
too late to have had the desired effect among
those living in northern Ukraine and southern
Belarus, who suffered the first exposure to
radioactive iodine (Williams еt al., 1993).
Sali et al. (1996) summarized studies of time
trends iп incidence or mortality due to thyroid
cancer in infants in Croatia, Greece, Hungary,
Poland and Turkey. No clear changes in rates
were apparent in relation to the accident.
— The Chernobyl accident and other types of
childhood cancer
In Bavaria during the period 1983-93, no
changes iп the incidence of tumours of the
central nervous system or of embryonal tumours
(defined to include neuroblastoma, nephroblastoma, retinoblastoma and malignant
tumours of the germ cells) occurred that could
be linked to the Chernobyl accident (Sali et aI.,
1996). In a case-control study of neuroblastoma
diagnosed at up to four years of age in the
former West Germany during the period
1988-92, there was no association with parental
consumption of locally grown foods likely to

have bееn contaminated by the accident, either
for a summary indicator or for specific foods,
particularly deer and mushrooms (Michaelis et
al., 1996). The analysis was based on data
relating to 64 cases and 109 population-based
controls obtained by a combination of postal
questionnaires and telephone interviews. The
participation rate for mothers of cases was 86%
and for mothers of controls 72%.

Fallout from weapons tests
The effects of fallout from weapons testing
have been investigated in detailed studies in
Utah and Nevada, in the USA in general, in the
United Kingdom, in the Nordic countries and in
Kazakstan.

Childhood leukaemia
Between January 1951 and the end of October
1958, at least 97 atomic devices were detonated
above ground in the Nevada desert at a site
approximately 160 km west of the Utah-Nevada
border (Lyon et al., 1979). Fallout from at least
26 of the tests, amounting to over half of the
total yield, was carried by winds into Utah.
Deaths due to leukaemia in Utah between 1952
and 1981 were cross-matched with the Deceased
Membership File of the Church of Jesus Christ of
Latter Day Saints for the period 1950--58
(Stevens et al., 1990). For children, at least one
parent had to be a member of the Church. All
deaths from causes other than leukaemia that
met the above selection criteria were eligible for
selection as controls. Living controls were not
used because the census records of the Church
were not complete. An age-stratified random
sample sufficient to provide five controls for
each case was selected from the Deceased
Membership File of the Church, and each case
was individually matched with controls by year
of death, age and sex, resulting in the inclusion
of 5330 of the potential controls. Of a total of
1836 leukaemia cases identified for the state of
Utah, 1195 (65%) were linked with the Deceased
Membership File of the Church. This proportion
was similar to the proportion of the total
population who were members of the Church
(70%), although the authors acknowledged that
this did not take account of differences in
distribution by age, year, sex and area. The
residence history during the period of fallout
from tests at the Nevada test site was determined
for each subject using information from the
Deceased Membership File, in the census records
maintained by the Church, and from telephone
and city directories. As absorbed dose to active
bone marrow is considered to be involved in the
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mechanism whereby radiation exposure leads to
leukaemia, and the most significant contribution of dose to bone marrow was derived from
external exposure from deposition of fallout on
ground surfaces, sources of information on
exposure at residence location were used in
estimating dose. Absorbed dose to active bone
marrow was then estimated using age- and di seconversion factors and taking into account
shielding by buildings.
For leukaemias of ai types, no notable
significant trend with dose was found. The
relative risk for subjects with the highest doses
(6-30 mGy) compared with those who received
low doses (0-2.9 mGy) was 1.7 (95% CI 1.0-2.8).
Individuals who were aged less than 20 years in
1953 were considered арrгori to be at high risk of
leukaernia from external radiation. The relative
risk 0f dying from acute leukaemia during the
period 1952-63 was 1.3 (95% CI 0.6-2.7) for the
group receiving an intermediate dose (3-5.9
mGy) and 7.8 (95% CI 1.9-32.2) in the group
receiving the high dose, in which five cases of
leukaemia were observed. Subjects whose
gestational period occurred during the period of
maximum fallout (1952-58) also were
considered to be at high risk. In 99 cases and 329
controls who were so exposed, no association
was observed with doses received in utero, during
the first year of life, or between the ages of one
and nine years.
As the control group comprised deceased
subjects, variations in all-cause mortality by
geographical area could have biased the results,
but adjustment for differences in all-cause
mortality rate between counties had little effect
on the results observed. The results are
applicable only to leukaemia mortality, but the
authors pointed out that before 1968 acute
leukaemia was uniformly fatal within three years
of diagnosis. A comparison of the prevalence of
exposure to therapeutic and diagnostic X-rays
reported in a study of thyroid disease and fallout
showed no difference between Washington
County, the area of highest exposure within
Utah, and comparison counties in Nevada and
Arizona. The low elevation of the county
suggests that confounding by cosmic radiation is
unlikely, and limited data suggest that terrestrial
background radiation was low in the county. In
addition, limited data were available on
occupational exposures, prior cancer treatment,
migration and genetic syndromes, none of
which appeared to be systematic confounders. It
is also possible that limitation of the study to
members of the Church of Jesus Christ of Latter
Day Saints may have produced a group relatively
100

homogeneous with respect to health behaviour,
thereby reducing the possible extent of
uncontrolled confounding. The observed risks in
the study were approximately double those
predicted by equations developed by the
National Research Council (NRCCBEIR, 1990),
based largely on the data from the atomic
bombing victims in Japan.
Other studies in Utah relevant to childhood
cancer (Lyon et al., 1979; Land et al., 1984;
Machado et al., 1987) have been of an ecological
design and were based on approximately the
same cases as those included in the study by
Stevens et al. (1990). These studies therefore
make little additional contribution. They have
been reviewed in detail by Linet (1985) and the
National Research Council (NRCCBEIR, 1990).
Archer (1987) carried out an analysis 0f trends
in leukaemia mortality during the period
1950-77 in the USA as related to peaks ип fallout
in 1951, 1953, 1957 and 1962. Death rates for all
leukaemias among whites showed a statistically
significant increase in all of the States included
in the study during and shortly after the period
of above-ground nuclear testing, followed by a
fall several years after the limited test ban treaty.
Regional age-adjusted death rates for all
leukaemias in whites were positively associated
with a composite exposure index, based on
concentrations of strontium-90 in milk, food
and bone, and time trends in leukaemia death
rates were similar between the regions. For acute
and myeloid leukaemia, which were thought to
be more closely related to radiation than other
types on the basis of the data on Japanese atomic
bombing survivors, there was a positive
association between the peak periods of fallout
and mortality in 5-9-year-old children, 5.5 years
later. However, no leukaemia mortality peak was
associated with the second of the fallout peaks
(1953), although there was an elevated mortality
rate between the peaks associated with the first
and third fallout peaks. For the age range 5-19,
mortality attributed to leukaemias of these types
began rising in 1954, three years after the start of
testing at the Nevada site, and exhibited a
marked elevation that persisted until 1963. No
elevated risk was apparent for other types of
leukaemia in this period. There was a wide peak
between 1957 and 1962, which the author
considered as corresponding to fallout from
1951 to 1958, and a second peak in 1968 to
1969, 6-7 years after the fallout peak of 1962.
Overall, an excess of leukaemia deaths at ages
5-19 years associated with fallout of 6.5 ± 0.2 per
million person years per cGy was estimated.
Although the specific associations with peaks of
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fallout in children were apparent only for
subtypes of leukaemia that had been associated
with ionizing radiation, there are some
limitations to this analysis. The subtype
distribution before 1958 had to be estimated
indirectly. Moreover, there were marked changes
in the outcome of treatment, especially for acute
leukaemia, during the period studied which
complicated interpretation of time trends in
mortality. Trends for children under the age of
five were not reported.
In the context of evaluating a possible
association between the excess of leukaemia
around Dounreay in northern Scotland and
radioactive discharges from the plant, Darby and
Doll (1987) considered time trends in leukaemia
in the 0-24—year age group in the United
Kingdom, Denmark and Norway in relation to
fallout from atmospheric testing of nuclear
weapons. The doses from both low and high
linear energy transfer radiation due to fallout
rose to a maximum in the mid-1960s aid then
declined. Iп England and Wales and in Scotland,
an increase in leukaemia incidence started about
1971 and persisted until 1979, when the
recorded incidence fell to the level of mortality
in the 1950x. The increase may possibly be
attributable to improvements in diagnosis.
National cancer registration has been established
for a longer period in Denmark and Norway
than in the United Kingdom. The estimated
doses of high Iinear energy transfer radiation
and fallout in these countries are similar to those
in the United Kingdom, and those due to low
linear energy transfer radiation are higher,
especially in Norway because of its high rainfall.
Measured concentrations of caesium-137 in
Norwegian milk have been about six times those
in the United Kingdom, and concentrations of
strontium-90 about three times. In Denmark,
the values for caesium-137 are similar to the
United Kingdom, and those for strontium-90 are
intermediate between those for the other two
countries. In both Scandinavian countries, the
leukaemia incidence declined slightly after 1960,
during the period of highest exposure to fallout.
Thus, there was rio consistent evidence of an
increase in incidence that could be attributed to
fallout.
Subsequently, Darby et al. (1992) considered
data on childhood leukaemia from cancer
registries in Denmark and Norway, as before,
and also in Finland, Iceland and Sweden. These
registries started sufficiently early for stable
registration practices to have been established,
enabling the effects of the peak period of
atmospheric testing to be evaluated. Iп addition,

the radioactive fallout from weapon testing was
relatively high in these countries. In view of
possible problems of completeness of
registration in the initial years of operation of
the registries, data for the first five years of
operation from the three registries which started
earliest (Denmark, Finland and Norway) were
excluded, and data for the first three years from
Iceland and Sweden were also excluded. Thus,
data were included from 1948 from Denmark,
1961 from Sweden, and from 1958 for Finland,
Iceland and Norway.
Trends were considered through to the end of
1987. In addition to doses to the red bone
marrow resulting from nuclear weapon fallout,
the authors also considered doses to the testes,
in view of the finding of Gardner et al. (1990а)
relating to paternal occupational exposure.
Estimates of annual doses to these tissues from
fallout had not been published for any of the
Nordic countries. Therefore, estimates of the
dose equivalent to the red bone marrow of a
fetus aid to a one-year-old child in Britain were
applied. Although doses in Nordic countries
were of a different magnitude from those in
Britain because of the effects of latitude, rainfall
and dietary habits, it was considered that the
pattern of variation with time should be similar
in all six countries. The authors estimated doses
to the testes by combining the annual effective
dose equivalent to an adult through external
radiation in Britain with the annual internal
dose from caesium-137. The average dose
equivalent from weapon fallout to the testes of
an adult man in the year before conception was
estimated as 140 цSv. This is much lower than
that reported to be associated with an increased
risk in the vicinity of Sеlla6еld.
The possible effects of radiation from fallout
after birth, in utero and to the fathers' testes
during the year before the year in which the
child was born, for children aged 0-14 and for
children aged 0-4 years, were examined. There
was little evidence for an increase risk of
leukaemia associated with the periods of highest
fallout, irrespective of the grouping of birth
cohorts into exposure categories, and there was
no association between fallout dose and either
year of birth or year of diagnosis.
In New Zealand, where there are no nuclear
power stations or reprocessing plants, concentrations of strontium-90 and caesium-137 in
cow's milk due to fallout from weapon testing
peaked in 1965 and had decreased to the limits
of detection by 1986 (Dockerty et al., 1996). If
fallout were to have had an effect on the
incidence of leukaemia in New Zealand, a peak
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would have been expected soon after 1965,
followed by a decline. Instead, there was an
increase in incidence from 1953-57 to 1988-90,
particularly in the 0-4—year age group. Thus,
data on leukaemia time trends in New Zealand
are not consistent with an effect of fallout from
atmospheric weapons testing.
Nuclear weapon testing was carried out in
Kazakstan above ground between 1946 and
1963, and underground between 1963 and 1988
(Zaridze et al., 1994). The risk of cancer in
children aged up to 14 years was estimated in
relation to distance from (1) a site where
airborne testing was performed before 1963; (2)
a site where underground testing took place
thereafter and (3) a reservoir created by four
nuclear explosions in 1965. The populations at
risk were estimated by linear interpolation
between the censuses of 1979 arid 1989. The risk
of acute leukaernia increased with increasing
proximity to the testing areas. The relative risk
for those living within 200 km of the air testing
site was 1.8 (95% CI 1.2-2.6) compared with
those living 400 km or more from the site.
Similar relative risks were observed for the
underground site and the reservoir. There was
also substantial regional variation in the rate of
acute leukaemia that was not accounted for by
distance from the test sites. This may in part
have been due to under-ascertainment of cases
in rural areas, although notification of cancer
was compulsory. In addition, high levels of
chemical pollution from a large chemical
industry are thought to have occurred, and
these may also have contributed to the regional
variation in incidence. A significant positive
association between non-Hodgkin lymphoma
and proximity to the reservoir was observed (RR
associated with distance of less than 200 km
compared with 400 km or more 2.4, 95% CI
1.0-5.6). Non-significant elevations of risk were
observed with decreasing distance from the
other test sites. In addition, a positive
association between proximity to the test sites
and brain tumours was found. No association
was apparent for Hodgkin's lymphoma, bone
tumours or kidney tumours.

Thyroid cancer in children
Rallison et al. (1974, 1975) examined
schoolchildren in Lincoln County, Nevada, and
Washington County, Utah, annually from
1965-71. During 1965-68, 1378 children in
grades б to 12 who were born or who had
resided during infancy or early childhood in
these counties were examined. A further 1313
children in the same schools who moved into
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the area after the major nuclear testing and were
considered to be unexposed were also examined.
An additional comparison group comprised
2140 children in a county in the south-east of
Arizona, remote from fallout. During the last
three years of the survey, only children in the
12th grade were examined. In reporting the
results of the investigation, the authors
emphasized the findings from the first three
years of the survey. Each child was
independently examined by three physicians.
Children who were suspected of having a
thyroid abnormality by two or more of the three
examiners, or who were thought definitely to
have an abnormality by one examiner, were
referred for a more detailed examination.
The authors concluded that no relation
existed between fallout exposure and thyroid
disease, but Rothman (1984) has shown that
their data indicate a positive association when
the categories of thyroid disease are combined.
The prevalence of all abnormalities of the
thyroid among exposed children was 37 per
1000 compared with 29 per 1000 among
unexposed children. The prevalences among
children in Arizona and in those considered as
unexposed in Utah and Nevada were similar to
one another. Except for malignant neoplasms of
the thyroid, of which only two were found, the
prevalence of each type of thyroid abnormality
was greater among exposed children than
among either unexposed group. The overall
prevalence ratio was 1.3 (90% confidence
interval 1.0--1.7). In the second paper, the only
comparison relevant to the possible effect of
fallout relates to nodular goitre without
accompanying abnormality of the thyroid. Of
28 such cases, 20 were benign neoplasms and
two were malignant. The prevalence of nodular
goitre among exposed children was 8.7 per
1000, compared with 4.6 for children
considered as unexposed in Utah and Nevada,
arid 4.7 in Arizona. The corresponding
prevalence ratio was 1.9 (90% confidence
interval 1.0-3.5). There were no malignant
neoplasms in the exposed group.
The effect was small and substantially lower
than predictions in the literature. Rothman
suggested that iodine-131, a fallout product
concentrated in cow's milk, which is
subsequently concentrated in the thyroid gland,
may not be as effective as external radiation in
inducing thyroid tumours. In addition, the
follow-up period of 14 years may have been too
short to observe a substantial effect, and
children with serious thyroid disease may have
been under-ascertained either because they did
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not attend the schools included in the survey or
because they were over-represented among the
14% who did not comply (Rothman, 1984).
In a study of cases recorded in the childhood
cancer registry for Turin province, Italy, during
the period 1967-88, a decrease in the incidence
of thyroid cancer was found, which was
reported to parallel dilution of radioactive
pollution from nuclear tests carried оиt in the
early 1960s (Mosso et al., 1992). However, there
were only 13 cases of thyroid cancer in the 0-14year age group, and the trend was not
statistically significant. Sala and Olsen (1993)
assessed time trends in the incidence of thyroid
cancer in the 0-19-year age group in Denmark
during the period 1943-88 in relation to trends
in strontium-90 levels in bones in infants and
children. In contrast to the findings from Turin,
there was a marked increase in incidence,
especially iп girls, during the period 1983-88.
All children and most teenagers who
contributed to the period of high incidence were
born after 1968, i.e. after the substantial
reduction in strontium-90 levels.

Proximity to nuclear installations
Nuclear reprocessing plants: sella field, West
Ситbriа
Much of the research on possible associations
between childhood cancer and radioactive
emissions from nuclear plants was stimulated in
the UK by a television documentary "Windscale;
the Nuclear Laundry" in November 1983. The
original intention of the documentary was to
discuss the health effects of workers of
occupational exposure to radiation in the
nuclear industry, but the focus of the discussion
was reoriented to the local children when
residents in the area near 5e11afield (Windscale)
told the producer that they believed there was
an unusually high frequency of childhood
leukaemia and other cancers (Gardner, 1991).
Awareness of the scale of radioactive discharge
from the nuclear waste reprocessing operation at
Sellafield led to the suggestion iп the television
documentary of a linkage between childhood
cancer and environmental contamination from
the site. The following day, the British
Government announced that it would set up an
independent enquiry into the allegations. Most
people considered that the excess was
concentrated in the village of Seascale, on the
coast about 3 km south of Sе11ahеld. The first
reactor at the Sellafield site became operational
in October 1950 and the first spent fuel
reprocessing plant in January 1952.

— The initial investigations made by the
Independent Advisory Group
Using data from the children's cancer register
for the Northern Region of England and Wales
during the period 1968-82, the Independent
Advisory Group (1984) established that four
cases of childhood cancer in children under the
age of 15 years had occurred in Seаscale. Among
the 765 wards studied, Seascаle ranked sixth
highest in terms of the incidence of childhood
cancer of all types combined. The four cases all
had lymphoid malignancies, and 5eascale had
the third highest incidence rate of this particular
type of malignancy, and ranked highest in terms
of Poisson probability. In estimating incidence,
the denominator was calculated using data from
the 1981 census. This is likely to have been a
source of error as the population of children
undoubtedly changed during the total 15-year
period (Craft et al., 1985), as was later
established in the cohort studies of schoolchildren (Gardner et al., 1987a,b; see below).
Craft et a1. (1985) reported that Sellafiеld was not
the only ward in the Northern Region in the
period 1968-82 with an elevated incidence of
childhood malignancy. Other such wards were
scattered throughout the region and were not
confined to coastal areas of Cumbria.
Mi11om Rural District, the administrative area
which includes Seascаlе, had the second highest
mortality rate for leukaemia among people
under the age of 25 years among 152 rural
districts of comparable size in England and
Wales during the period 1968-78 (Independent
Advisory Group, 1984). Siк deaths were
recorded, compared with an expected number of
1.4. Mortality due to all causes was very similar
to that expected from national rates. Data from
Ennerdale Rural District, which includes the
Sellаfiе1d site, were also considered. During the
period 1968-78, there was a modest excess of
total childhood cancer (14 deaths recorded
versus 9.3 expected; standardized mortality ratio
150); this was not apparent for leukaemia (4
observed cases versus 3.3 expected). Mortality
data for the period 1959-67 did not show an
excess of either total childhood cancer or
leukaemia in either area.
The Advisory Group recommended four areas
for further epidemiological investigation: (1) a
case-control study of risk factors for leukaemia
and lymphoma in West Cumbria; (2) a birth
cohort study; (3) determination of the incidence
of cancer in schools in the area; (4) further work
using cancer registries. The study (Gardner et al.,
1990а,b) carried out in response to the first
recommendation is described in the section on
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paternal occupational exposure to ionizing
radiation. The studies on cancer in children born
in Seascale and resident in Seascale but barn
elsewhere, made in response to the second and
third recommendations, are described below. We
next describe the work carried out in response to
the fourth recommendation, as this is an
extension of the initial work (Independent
Advisory Group, 1984; Craft et al., 1985).
— Further work using cancer registries
Craft et al. (1993) considered cancer in the
0-24-уеаr age group during the period 1968-85
in the Northern and North Western Regional
Health Authority regions and in two health
districts within the Mersey region, thus
including the whole western coastline, on which
Sellafield is located, from the Solway to the
Mersey. Cases were identified from the three
regional cancer registries, which have a high
level of ascertainment. Population data were
derived from the 1971 and 1981 censuses, and
rankings of census wards by relative incidence
rate and Poisson probability values were made
using each of these population bases. Seascale
remained the ward the most highly ranked by
Poisson probability for the incidence of ALL for
the entire study period (1968-85) and the earlier
half of the period (1968-76), but was not among
the top five wards when only the later half
(1977-85), or only the older age group (15-24
years) were considered. Between 1972 and 1985,
only one case of ALL occurred. In some analyses,
non-Hodgkin lymphoma was included, as in the
past it may have been difficult to distinguish this
disease from leukaemia and the diseases may
have etiological factors in common. The excess
of leukaemia and non-Hodgkin lymphoma in
Seascale was apparent using either the 1971 or
1981 census data, suggesting that large
population changes are unlikely to be an
explanation. Iп Seаscalе, most cases of ALL
occurred in the first part of the study, and most
cases of non-Hodgkin lymphoma in the second.
In the wider context of other types of childhood
сапсer, Seascale was not the most highly ranked
ward and there was no excess of other cancers. It
was among the highest ranking for total
childhood cancer, but this was due to the excess
of ALL and non-Hodgkin lymphoma. Contrary
to the original allegations of the Yorkshire
Television programme, there was no suggestion
of an increase in the number of highly ranked
wards in West Cumbria apart from Seascale.
Although the report of the Independent
Advisory Group (1984) did not include any
specific statement about the period of
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investigation covered, none of the analyses on
which it was based related to cases diagnosed or
dying after 1983 (Draper et al., 1993). Draper et
al. (1993), in analyses based on more complete
data than were available to the Independent
Advisory Group, confirmed the excess of cancer,
and leukaemia in particular, in the 0-24-year age
group in Seascale during the period 1963-83.
During the period 1984-90, there was an excess
of total cancer in this age group, based on four
cases, two of whom had non-Hodgkin
lymphoma but none of whom had leukaemia.
One of the other cases had Hodgkin's disease
and the other had a pinealoma. There was no
excess of leukaemia and lymphoma at older ages
in Seasсale, in the two country districts nearest
to Seascale (Allerdale and Copeland) or in the
rest of Cumbria during the period 1984-90. In
addition, the excess of cancer in young persons
was not apparent in the two adjacent districts or
in Cumbria as a whole, in either the period
1963--83 or 1984-90. Subsequently, data for
1984-92 have been analysed (COMARE, 1996). A
further case of ALL was diagnosed in a boy aged
16 in 1991. Thus, in the period 1984-92, three
cases of lymphoid leukaemia/non-Hodgkin
lymphoma occurred, compared with 0.16
expected (0/E = 19.1, p 0.0006). Two cases of
cancers of other types occurred, compared with
0.62 expected (O/E = 3.2, p = 0129).
— Birth cohort study and incidence in schools in the
area

Gardner et al. (1987a,b) reported cohort studies
in children born in the period 1950-83 or later
who were resident in Seascale village at any age.
Some 1068 live births to mothers resident in
Seascale were identified and the information was
cross-matched with the National Health Service
Central Register in order to obtain data on
deaths, cancer registrations and emigration. In
addition, information on all Family Practitioner
Committee areas in which the children had been
recorded since birth allowed estimates to be
made of durations of residence in the area. By
the end of 1984, 56% of the children appeared to
have moved out of Cumbria. This information
was supplemented by a search for the parents'
names in the гnnual Seascale electoral registers
and by information from the local authority's
school register. Some 43% of the children who
would have attained school age by late 1984
were not found on the school register and were
assumed not to have stayed to attend the Iocal
school, while a similar percentage of parents
came off the electoral register within five years of
their child's birth. Thus, the population was
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highly mobile. The mortality and cancer followup was made to 30 June 1986. Forty-three
children had left the country by this date, and 27
had died. Five deaths attributable to leukaemia
were recorded compared with 0.53 expected
from national rates (O/E = 9.4, 95% CI 3.0-21.8).
Four of these cases were known to the
Independent Advisory Group (see above), while
the fifth was a death from leukaemia that
occurred after the child had left Seаscale. There
was one death from non-Hodgkin lymphoma,
compared to 0.1 expected. There were three
other deaths from cancer compared to 0.9
expected (0/E = 3.4, 95% C10.7-10.0). There was
a deficit of deaths from other causes: 18
compared with 30.7 expected (0/E = 0.6, 95% CI
0.4-0.9). This deficit was largely for infants (Le.,
under one year of age).
In addition to the nine deaths from cancer, a
further three cases were notified from the
National Health Service Central Register. One
was a case of ALL diagnosed in a five-year-old
girl, one a case of non-Hodgkin lymphoma in a
girl aged one year, and one a case of malignant
melanoma diagnosed in a man aged 28 years
after he left Seascаle. The authors considered that
it was unlikely that the excess apparent for
leukaemia could be attributed to social class
factors, although this is likely to have explained
the deficit of infant mortality and also of
stillbirths (rate 8.4 per 1000 compared with a
national rate of 15 per 1000).
In a closely related study (Gardner et aI.,
1987b), records on children born since 1950
outside Seasсale who were identified as having
attended three out of the four schools in the
village up to November 1984 were cross-matched
as before with the National Health Service
Central Register. A total of 1546 children were
thus identified. The records of one school which
had taken 150 pupils were not included because
a full date of birth had not been recorded and
children who moved to the village after birth but
left before school age or went to boarding school
elsewhere would not have been included. 107
children could not be traced, and 65 had left the
United Kingdom. The majority of children who
could not be traced were born before 1963, when
the central register index was compiled from
applications for welfare foods, and it is thought
that about 15% of parents nationally did not
complete the application form issued at birth
registration. Out of 1173 children for whom the
date of leaving school was recorded, 545 (46%)
had left the area before the usual age of 11 years.
Thus, as was the case for children born in
Seаscаle, the population was highly mobile.

A total of 10 deaths were observed, compared
with 12.7 expected. One of these was certified as
due to cancer, compared with 2.0 expected, and
was due to malignant melanoma in a man aged 33
years who had moved away from Seascale. Three
cases of non-fatal cancer were registered,
compared with 2.0 expected; these were a case of
non-Hodgkin lymphoma in a boy aged 9 years, a
case of Hodgkin's disease in a man aged 26 years
and a carcinoma of thé lung diagnosed in a
woman aged 21 years. Therefore, Gardner et al.
(1987b) concluded that the excess of leukaemia in
Seascale appeared to be attributable to
environmental factors acting before birth or early
in life on a locality-specific basis. The case-control
study (Gardner et al., 1990а,b), described in detail
in the section on paternal occupational exposures
to ionizing radiation, was interpreted by the
authors as suggesting an effect of preconceptional
ionizing radiation in the fathers that may be
leukaemogenic in their offspring.
In an analysis based on incidence rather than
mortality, and over a longer period (1951-91),
Kinlen (1993) found that the excess of leukaemia
and non-Hodgkin lymphoma in Seasсale was
apparent for individuals born outside the area. In
contrast to the findings of Gardner et aI. (1987b),
the excess was not confined only to persons born
in seascale. The assumptions used in making
population estimates were such as to err towards
overestimating the numbers born outside
Seascalе, leading to a conservative estimate of any
excess in this group. The observed/expected ratio
of leukaemia for persons born outside Sеаscale was
5.2 (3/0.5 8, p < 0.05), while that for people born
in the district was 12.9 (4/0.31, p < 0.001). The
corresponding ratios for non-Hodgkin lymphoma
were 12.5 (210.16, p <0.05) and 28.5 (2/0.07, p <
0.01). All but one of the five cases born outside
Seascale were born outside West Cumbria.
Paternal preconceptional exposure to ionizing
radiation does not explain the excess in
individuals born outside Seascale. The excess
appears to be toi large to be explained by the
association between childhood leukaemia and
high socioeconomic status or geographical
isolation (Draper et al., 1993).
— Other studies
The association between leukaemia in young
people and discharges from Sеllafield into the
Irish Sea has been investigated in several studies.
Heasman et aI. (1984) considered leukaemia in
Scotland to the 0-24-year age group during the
period 1968-81. A higher registration rate for
myeloid leukaemia between 1968 and 1974 was
observed in coastal areas, but this was not
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apparent during 1975-81. There was a lower
registration rate for lymphoid leukaemias during
the earlier period, so the overall registration rate
for leukaemia was not substantially in excess of
that for the rest of 5catlaпd. Subsequently, Gillis
and Hole (1984) showed that rates of leukaemia
in children aged under 15 years in coastal areas
of the west of Scotland were not consistently
higher than iп inland areas.
Cook-Mozaffari et al. (1987) compared
mortality due to cancer in the 0-24-year age
group between a group of coastal Local
Authority Areas to the north and south of
Sellafield and coastal areas matched on Standard
Region, urban—rural status and population size.
The coastal areas had some overlap with areas
around Sellаfield, Springfields, Capenhurst and
Wylfa, considered in the analysis of possible
effects of residential proximity to nuclear
installations (discussed below). No excess
mortality due to total cancer, or to any specific
type of cancer, was apparent in coastal areas in
this age group. An excess of myeloid leukaemia
in subjects aged 25-74 years was accounted for
specifically by an excess in the Wirral, and the
authors considered that it was unlikely that this
could be linked to discharges from Sellafield in
the absence of excess for coastal areas closer to
the plant.
In Northern Ireland, the incidence of
leukaemia in children under 15 years of age
during the period 1977-85 and mortality in
children in this period and in the earlier period
1968-76 was compared between coastal and
inland areas by an independent committee
(Department of Health and Social Services,
1989). Acute leukaemia and all leukaemias
thought to be associated with radiation were
studied. Newly incident cases of leukaemia were
ascertained from hospital laboratory records, the
cancer registry, and the leukaemia mortality file
maintained by the General Registrar Office. The
latter provided details of all leukaemia deaths for
the mortality study. Case-finding was initially
attempted for thé period 1975-85; bone marrow
records were available for only 67.7% of cases.
The study period was subsequently restricted to
1977-85 because of concerns about the quality
of data in the first two years of the study. A total
of 153 cases in childhood was ascertained in the
nine-year period, all but two of whom had acute
leukaemia. The incidence of acute leukaemia in
coastal areas was 4.7 per 100 000 per year,
compared to 4.3 in inland areas. Nine deaths
from acute leukaemia were recorded in the
period 1977-85, and 90 in the period 1968-76.
The total of 159 deaths corresponds to a
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mortality rate of 2.1 per 100 000 per year. In each
period, the mortality rate in coastal areas was
Iess than that in inland areas, although the
difference was not substantial. A further 18
deaths from other types of leukaemia in children
were recorded; the small differences between
coastal and inland areas for total leukaemia were
similar to those for acute leukaemia. A difficulty
with the study was that data on the
denominator population were available only for
the censal years 1971 and 1981. Although some
monitoring of radiation levels was carried out
during the study period, it was not detailed
enough to be correlated reliably with epidemiological data collected by the committee.
Alexander et al. (1990b) postulated that the
incidence of leukaemia at all ages would be
higher in areas adjacent to estuaries than
elsewhere. Part of the rationale of the hypothesis
was that levels of radiation in estuarine silts and
other fine sediments, rather than in sand, were
increased. These high levels were not localized in
Cumbria but dispersed along the entire west
coast of Britain. The hypothesis was tested using
the Data Collection Study (DCS), a specialist
registry of haematopoietic malignancies
covering approximately 40% of the population
of England and Wales for the period 1984-86.
Estuaries were defined as all river-mouths with a
substantial amount of mud marked on an
Ordnance Survey map. Some 36 estuaries were
identified in the areas covered by the DCS, and
477 electoral wards with contact (other than a
point contact) were classified as estuarine. The
remaining wards were classified as inland (2922)
or coastal (234), depending on whether they had
a contact with the coast. There were 40 cases of
childhood leukaemia in estuarine wards, 11 in
coastal wards, and 256 in inland wards. The risk
in estuarine wards relative to inland wards was
1.20 (95% C1 0.8-1.7), adjusted for urban—rural
and socioeconomic status, and differing
incidence at county level. The relative risk in
coastal wards was 0.69 (95% CI 0.4-1.3). The
elevated risk of childhood leukaemia in
estuarine wards was higher than that observed
for any of the categories of leukaemias at all ages
(acute lymphocytic, acute or chronic myeloid,
and total excluding chronic lymphocytic).
Five cases of retinoblastoma have been
documented whose mothers were resident in
Seascale at some time during the period 1950-90,
representing an excess of approximately twentyfold (Morris et ai., 1993a). One of the cases was
bilateral and associated with a partial deletion of
chromosome 13, including the RB1 locus, which
was not present in either parent and therefore
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represents а new germ cell mutation (Morris et
аI., 1993b). The other unilateral cases are likely
to have been non-hereditary (Stiller, 1993а). The
maternai grandfathers of three of the children
had worked at Sellafield (Morris et al., 1993b).
Three further cases have occurred among
children born in Copeland, the district which
includes Seascale and Sеllafield, but whose
mothers had never lived in Seascale; the father of
one and the paternal grandfather of another had
worked at Sellafield (Morris et al., 1993b).

Nuclear reprocessing plants: Dounreay,
Caithness
The second reprocessing plant in the United
Kingdom, at Dounreay, commenced active
operation in 1960. In the study relating
predominantly to leukaemia in the west of
Scotland during the period 1968-91 of Heasman
et al. (1984), described above, the incidence of
leukaemia near the three nuclear power stations
in Scotland, namely Dounreay, Chapel Cross in
Dumfriesshire and Hunterstone in Ayrshire, was
also considered. The observed number of
registrations of leukaemia in the 0-24-year age
group within a 16-km radius of Dounreay was
similar to that expected.
Subsequently, in preparation for the public
enquiry held in 1986 concerning the planning
application for a new nuclear reprocessing plant
at Dounreay, Heasman et aL (1986а,Ь) extended
the period covered by three years to include
1968-84. Census enumeration districts 'whose
centroîds fell within 12.5 km or within 25 km of
the Dounreay installation, other districts falling
within 25 and 75 km of Dounreay, and the
islands of Orkney (range 35-120 km) and
Shetland (range 160-300 km) were considered.
Population data were obtained from the 1971
and 1981 censuses. During the overall period, 15
cases of leukaemia were registered in the 0-24year age group in the entire area considered,
compared to 14 expected on the basis of
registration rates for Scotland as a whole. Five of
the cases lived within 12.5 km of Dounreay
compared to 1.6 expected, a further case (1.4
expected) lived between 12.5 and 25 km of the
plant, leaving 9 cases living in more distant areas
(11 expected).
The authors also arbitrarily divided the period
of study into three: 1968-73, 1974-78 and
1979-84. Four cases (4.6 expected) were
observed in the first period, one (4.7 expected)
in the second, and ten (4.8 expected) in the
third. The authors noted that the combination
which gave cause for concern was residence
within 12.5 km of Dounreay during the period

1979-84, i.e. the most recent period, with five
observed cases compared with 0.5 expected.
Four of the cases were aged under 15 years at
registration, and this was also true of the one
case living between 12.5 and 25 km of the
installation. This latter case was also diagnosed
between 1979 and 1984. The authors pointed
out that no case at all was registered within
25 km of the plant in the period 1968-78.
Preliminary examination of cancers of other
types in childhood and of leukaemia and certain
other types of cancer in adults, and of the
occurrence of congenital malformations, were
stated not to be significantly increased in the
area around Dounreay.
The Committee on Medical Aspects of
Radiation in the Environment considered these
data in relation to information on radioactive
discharges from the site, and concluded that
these were too low to account for the excess of
leukaemia in young people using conventional
dose—risk estimates (COMARE, 1988). The
estimated dose equivalents to red bone marrow
received by a one-year-old child in Thurso as a
result of discharges from Dounreay are between
4 and 400 times less than those received in
Seascale as a result of discharges from Sellafield.
The Committee observed that although chance
could not be entirely dismissed as an
explanation of the excess of childhood
leukaemia in the vicinity of Dounreay, this was
considered less likely than when Sеllafield was
considered in isolation. These data have been
updated to 1991 (Black et al., 1994). In the
period 1985-91, four cases of leukaemia and
non-Hodgkin lyrnphoma diagnosed at ages
under 25 years were observed in the zone within
25 km of the Dounreay plant, compared with 1.4
expected (p = 0.059). This reinforces the earlier
concern that the cases were concentrated in the
most recent years studied.
A case—control study of young people
registered with leukaemia or lymphoma in the
Dounreay area, a birth cohort study of young
people born to mothers resident in Thurso and а
neighbouring area, and a school cohort study of
children attending schools near Dounreay were
recommended (COMAKE, 1988).
A small case-control study of leukaemia and
non-Hodgkin lymphoma occurring in children
aged under 15 years diagnosed in the period
1970-86 in Caithness, Scotland, was reported by
Urquhart et aI. (1991). The study is described in
more detail in the section on parental
occupational exposure to ionizing radiation. In
contrast to the findings of Gardner et al. (1990а),
the excess cannot be explained by paternal
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occupation at Dounreay or by paternal exposure
to external ionizing radiation before conception.
The authors considered that an apparent
positive association with the use of beaches
around Dounreay might be an artefact of
multiple testing and influenced by recall bias.
A cohort study of 4144 children born in the
Dounreay area in the period 1969-88 and 1641
children who attended local schools in the same
period but who had been born elsewhere was
carried out (Black et aL, 1992). Data from the
Scottish National Cancer Registration Scheme
for the period 1969-88 were linked with birth
and school records by computerized record
linkage. The data on leukaemia in the 0-24-year
age group had been subjected to a validation
exercise. Five cancer registrations were traced
from the birth cohort, compared with 5.8
expected on the basis of national rates. All five
cases were of leukaemia or non-Hodgkin
lymphoma (0/E = 2.3, 95% CI 0.7-5.4). All of
the cases were resident in the area at the time of
diagnosis. Three cancer cases were traced from
the school records, all of which were of
leukaemia (0/E = 6.7, 95% CI 1.4-19.4). Thus,
the incidence of leukaemia and non-Hodgkin
lymphoma was raised in both those born in the
area and those resident in the area but born
elsewhere, in contrast to the studies of Garder
et al. (1987a,b) in Seascalе. Although the
mobility of the population at risk was high, with
a fairly constant outward movement before
school age of about 30% of children born in the
area, the incidence rates of leukaemia and nonHodgkin lymphoma reported in the earlier
geographical studies did not overestimate the
risk in the local population.
Kinlen et al. (1993a) suggested that the excess
of cases near Dounreay beginning in 1979 was
due to population mixing linked to the
expansion of the oil industry (see Chapter 7 for
further comment). The persistence of the excess
in the period 1985-91 may be due to specific
local aspects of population mixing (Black et al.,

low linear energy transfer radiation, were
unlikely to be underestimates. A possible
explanation was underestimation of doses to the
red bone marrow due to discharges at Dounreay
relative to the dose from fallout. The authors
considered a number of ways in which it might
theoretically be possible for a discrepancy to
have occurred, but the limited evidence
available suggests that these are unlikely.
However, the authors noted that the exposure to
radionuclides from fallout is mainly from
inhalation, whereas that for discharges is mainly
from ingestion. Thus, substantial differences
might be produced if the assumed proportion o€
plutonium transferred from the lung into the
bloodstream is too high, or the assumed
proportion transferred from the digestive tract is
too low. Other possible explanations included a
misconception of the site of origin of childhood
leukaemia, outbreaks of an infectious disease,
and exposure to some other unidentified agent,
the latter also having been discussed by other
authors in relation to the Sellafield excess.

Nuclear reprocessing plants: La Hague,
Normandy
Data are available in relation to one other
specific nuclear reprocessing plant, La Hague i
Normandy, France, which has been in operation
since 1966, but with significant releases only
from 1968 (Dousset, 1989; Viet & Richardson,
1990). The total amount of effluent discharged is
stated to have been much lower than that from
Sellafield. Sellafield has released 10-160 times
more caesium-137 than La Hague, whereas La
Hague has released 4 times more antimony-125.
In addition to the nuclear reprocessing plant,
there are a low-level radioactive waste
depository, a nuclear power station 16 km away,
and navy dockyards where nuclear fuel for
submarines is handled 19 km away (Pobel &
Viet, 1997).
Dousset (1989) compared cancer mortality
between the Beaumont-Hague canton in which
the plant is situated and the entire Département
de la Manche. The canton corresponds to a
radius of about 10 km around the installation.
No death from leukaemia in persons aged under
25 years occurred during the period 1970-82,
selected to allow for a two-year latency period,
compared with an expected 0.7. Also, nô death
from other types of cancer in this age group
occurred during the period 1975-82, selected to
allow for a seven-year latency period, compared
with an expected 0.9.
In the study of Viel and Riсhardsorn (1990),
observed deaths due to childhood leukaemia

1994).

Darby and Doll (1987) considered the excess
around Dounreay in relation to exposure to
radiation due to discharges from both the
Dounreay and Sellafield plants in the context of
data on the association between childhood
leukaemia and fallout from weapons testing. The
lack of any consistent increase in the frequency
of childhood leukaemia after the period of peak
fallout indicated that current estimates of the
risk of leukaemia per unit dose of radiation at
low doses and low dose rates, and of the relative
biological efficiency of high as compared with
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Manche for the period 1979-81; the expected
numbers were based on cancer registration data
from four départеmеnts for the period 1978-82.
In each of the four analyses, the maximum
cumulative SIR (range 2.7-3.3; p = 0.05-0.07)
was observed in the canton containing La
Hague.
A case-control study of 27 cases of leukaemia
diagnosed at ages under 25 years during the
period 1978-93 and 192 controls was reported
by Pobel and Viet (1997) as described in the
section on parental occupational exposure to
ionizing radiation. No association with parental
occupational exposure to ionizing radiation was
found. There were elevated relative risks
associated with use of local beaches more than
once a month by the mothers during pregnancy
and by the index child compared with less often,
and with consumption of local fish and shellfish
by the index child. All four children who lived in
the electoral ward which includes the
reprocessing plant played on the beach at least
once a month, compared with 13 of the 23
similarly affected children who lived in the
remaining area, and 14 of the 33 controls
resident in the same electoral ward (Viet, 1997).
Therefore, the observed geographical excess
might be explained by the association between
leukaemia and playing on the beach. However,
the possibility that selection bias, recall bias, aid
as multiple statistical testing was carried out,
chance, might account for the results has been
debated (Clave1 & Hémon, 1997; Law & Roman,
1997; Vie1, 1997; Wakeford, 1997).

during the period 1968-78 and 1979-86 were
considered in three age groups: 0-4 years, 5-14
years and 15-24 years. All electoral wards having
half or more of their area within specified radii
—10 kin, 20 km and 35 km — of a nuclear plant
were studied. Expected numbers of deaths were
estimated by applying the age-specific rates for
the Département de la Manche for each period
to 1975 and 1982 census populations of the
relevant ten electoral boards. Only one death,
that of an individual in the oldest age group in
the latter period, occurred in the area closest to
the instaцation in the total period 1968-86.
Only one standardized mortality ratio was
significantly different from one, the ratio for the
5-14-year age group living 10-20 km of the
plant during 1968-78 indicating a decreased
risk. Overall, 21 deaths were observed, compared
to 23.6 expected. No signlficaпt trend between
the two periods was found. As acknowledged by
the authors, the study is limited by being
mortality-based.
Viet et al. (1993) assessed the incidence of
leukaemia iп the 0-24-уеаr age group during the
period 1978-90 in the same area. Cases of
leukaemia among people with a residential
address in cantons with at least half of their area
within 35 km of La Hague were identified from
various sources including a university hospital, a
paediatric referral hospital, general practitioners
and the Regional Cancer Institute. Since there
was no cancer registry in the Département de la
Manche, reference rates from the adjacent
Département du Calvados were used. The overall
SIR for the study area was 1.2 (95% CI 0.7-1.8).
Within a radius of 10 km of the plant, the SIR
was 2.5 (95% CI 0.5--7.4). The only significant
excess was in the 0-4-year age group in a 20-35
km radius (SIR 3.2, 95% CI 1.0-7.4). The authors
observed that the workforce of a nuclear power
station which began operation in December
1985 is resident in this area. This might be
compatible with an effect of population inflow,
as postulated by Kinlen (1988).
Subsequently, further analysis was made for
the period 1978-92 using data from the same
sources (Viet et aI., 1995). An excess of childhood
leukaemia was observed in the canton which
included the reprocessing plant (SIR 2.8, 95% CI
0.8-7.2). Results of a sensitivity analysis
involving two further statistical techniques were
consistent with this and suggested a decline in
risk with increasing distance (up to 8 km) from
La Hague. A further sensitivity analysis explored
the effects of using different reference rates for
the calculation of expected numbers. The
observed data were for the Département de la

Nuclear reprocessing plants: studies of groups of
installations
The results of studies based on data pooled
from areas around several nuclear plants,
compared with pooled data from control areas,
are less likely to be affected by small-area
differences in prevalence of exposure to other
risk factors than those of studies based on single
sites (Cook-Mozaffari et al., 1987). In France, Hill
and Laplanche (1990) found no overall excess
mortality due to leukaemia in persons aged 0-24
years associated with residential proximity to
two nuclear reprocessing plants (Marcoule and
La Hague). However, their data overlap with
those of Dousset (1989) and Viet and Richardson
(1990), although the units of area considered in
the analysis differ between the studies. In the
USA, Jablon et al. (1990) compared cancer
mortality between areas around nuclear
installations and control areas. These authors
considered separately 52 installations whose
primary function was to produce electricity,
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electric utilities', and ten whose primary
function was other than this, including
reprocessing plants, `Department of Energy'
facilities. Within each group, the only notable
difference in rates of mortality, due either to
leukaemia or to other cancers considered as a
group for the 0-9 and 10-19-year age groups,
during the periods after start-up of the facilities,
was a statistically significant but weak deficit (RR
= 0.88) of mortality due to leukaemia in the
10-19-year age group. Before start-up, there was
a non-significant excess (RR = 1.45) leukaemia
mortality in the 0-9-year age group for
Department of Energy facilities, and а deficit for
the 10-19-year age group (RR = 0.68). For the
other electric utilities, there was a weak
statistically significant excess (RR = 1.08) of
leukaemia in the 0-9-year age group, and a
significant deficit of other cancers (RR = 0.94).

around pre-1955 installations than in the
corresponding control areas, suggesting more
complete ascertainment in areas around such
installations. This pattern was particularly
pronounced for brain tumours, and the authors
commented that initial examination of the
material suggested that these tumours were
particularly subject to variation in diagnostic
standards. Therefore, these investigators
considered that conclusions based on mortality
data were more reliable.
Four distance zones were considered: (1) areas
with at least two thirds of their population
within 6 miles (9.6 km) of an installation; (2)
areas with at least two thirds of their population
within 8 miles (12.8 km) of an installation; (3)
areas with at least two thirds of their population
within 10 miles (16 km) of an installation; and
(4) areas with at least one third of their
population within 10 miles of an installation.
Forman et al. (1987) considered the data not
only for the groups of installations but also each
installation and all installations, and tabulated
relative risks between areas around installations
and control areas which were significantly
different from unity. Standardized mortality
rates for areas in the vicinity of nuclear
installations were significantly lower than those
in control areas more often than the reverse. The
deficit is likely to have been due to
socioeconomic or environmental differences
between the areas.
No trend of mortality rate with distance from
installations was found for either group of
nuclear plants for total leukaemia, malignant
neoplasm of the brain or other malignant
neoplasms. Similarly, no time trend was
apparent for these categories. However, increases
over time in mortality attributed to lymphomas,
non-Hodgkin lymphomas, and all leukaerrias
and lymphomas were found for pre-1955
installations. In addition, for the years 1968-80,
for which data on leukaemia subtypes were
available, there was a significant increase in
mortality due to lymphoid leukaemia in the
innermost zone around the pre-1955
installations. This was consistently found for the
four plants with areas in the innermost zone.
By contrast, mortality due to lymphoid
leukaemia was elevated in the outer two zones
around CEGB installations, with a reported p
value for trend of 0.015 (Forman et al., 1987).
For the CEEB installations, a similar pattern of
increasing risk compared with control areas with
increase in distance from the plants was found
for brain tumours in the 0-24-year age group.
Around CEGB installations, mortality rates

Nuclear facilities of any type: studies of areas
around groups of existing or proposed sites of
installations
Ecological comparisons of cancer incidence or
mortality in areas close to nuclear installations
and control areas have been carried out in
England and Wales, France, Germany and the
USA. The basic features of the designs of the
studies and results relating to total malignancies
and leukaemia in children or young persons are
summarized in Table 4.2. In the table, for studies
in which more than one measure of exposure
based on distance of residential areas from the
installation, data for the largest areas have been
presented.
In England and Wales during the period
1959-80 (Cook-Mozaffari et ai-, 1987, Forman et
al., 1987), the nuclear installations were
considered in two groups. The first was a
heterogeneous group concerned with the
enrichment, fabrication and reprocessing of
nuclear fuel, with the provision of supporting
research and development, with radionuclide
manufacture and with defence applications, all
of which were started up before 1955. Sеllafield
was excluded from this group. Second were
those whose primary function is electricity
generation, referred to as CEGB installations.
These began operations between 1961 and 1971.
Overall, there was little evidence of a raised
risk of total malignancies or of leukaemia in the
0-24-year age group in areas within 16 km of
nuclear plants. The relative risks based on
incidence data are all slightly higher than those
based on mortality data. The authors noted that
the ratio of the number of cancer registrations to
the number of cancer deaths was higher in areas
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attributed to total malignancies and lung cancer
in subjects aged 25 years or more increased with
increasing distance from the plant in both
installation and control areas. The excess was
more pronounced in the outer zones after startup, but the reverse was true when the innermost
zones were considered. Thus, the findings in
relation to CEEB plants may be attributed to
chance and uncontrolled confounding.
An excess of lymphoid leukaemia around
installations that started operation before 1955
is, however, supported by other evidence in the
study. There was a weak excess (RR = 1.2, p =
0.115) of this type of cancer in coastal areas,
which may have been associated with discharges
from the 5e11аfield plant (see above). The excess
around pre-1955 plants, the inverse association
with distance and the excess in coastal areas are
more pronounced when the 0-9-year age group
is considered. However, the investigators point
out that both for the 0-24 and 0-9-year age
groups, the excesses depend on unusually low
standardized mortality rates in control areas in
the innermost zone.
Subsequently, Cook-Mozaffari et al. (1989а)
compared mortality from 11 causes of death
during the period 1969--78 between 70 county
districts around the 15 nuclear installations
considered in the earlier study (Cook-Mozaffari
et ai., 1987) and 330 other districts, adjusting for
social class, rural status, population size and
health authority region. For the 0-24-year age
group, statistically significantly raised relative
risks associated with residence near nuclear
installations were observed for total
malignancies (1.07, p = 0.03), leukaemia (1.15, p
- 0.01), lymphoid leukaemia (1.21, p - 0.01) and
Hodgkin's disease (1.24, p = 0.05). Mortality rates
for lymphoid leukaemia and Hodgkin's disease
were not inter-correlated. There was a slight
deficit of deaths due to causes other than
malignancies (RR - 0.97, p = 0.02). There was a
significant deficit of mortality from lymphoid
leukaemia in persons aged 25-64 years (RR =
0.86, p - 0.05) that was not correlated inversely
with the excess at ages 0-24, either for
installations or all districts. No significant trends
were observed with an increasing proportion of
the population living near to the installations.
Although not entirely independent of the
earlier study, the methods were different. First,
in the more recent study the control population
comprised mound 40 million, compared with
2.5 million. Second, larger geographical units
were used, so the population defined as exposed
comprised about 7.5 million gather than under 3
million. Third, potential confounding by

socioeconomic variables was controlled by
regression methods rather than by matching. As
in the previous study, there was a significant
excess of lymphoid leukaemia атоипd
installations other than Sellafield with start-up
dates before 1955 (RR = 1.21, p = 0.02). An excess
of similar size (RR - 1.20) was apparent for the
CEGB installations, but was not statistically
significant.
The authors acknowledged that mortality due
to leukaemia in young persons declined during
the period of study, one in which new and more
effective treatment was being introduced, and
that the treatment in the nuclear installation
areas might have been less adequate than the
average. However, they considered that as
treatment is largely carried out in regional
centres, adjustment for health service region and
rural status should have accounted for
geographical variation in the efficacy of
treatment. The authors accepted that definitive
studies should be based on incidence, but noted
that the available registration data were
inadequate.
As the excess of leukaemia was substantially
greater than that expected from the аriпиаl
radiation doses received by children near the
installations, the authors considered the
possibility that other features of these areas
might not have been taken into account.
Therefore, in a companion study, they compared
mortality rates for the same 11 causes of death in
the same 1969-78 period between areas around
two sites of nuclear installations which started
operation in 1981 and 1983, and six other sites
which had been seriously considered for
construction of nuclear installations (CookMozaffari et al., 1989b). These eight sites are
referred to as potential sites of nuclear
installations. Districts in the vicinity of both
existing and potential sites were excluded from
consideration. Thus 20 county districts near to
potential sites only were compared with 299
other districts using the same methods as in the
companion study (Cook-Mozaffari et al., 1989а).
In the 0-24-year age group, excesses of similar
magnitude to those observed near existing sites
were found for total malignancies (RR = 1.10)
and leukaemia (RR = 1.14) but these were not
statistically significant. In contrast to the
companion study, the excess was more
pronounced for leukaemia types other than
lymphoid. This may reflect sampling variation
or inaccuracy of classification of leukaemia types
on death certificates. The deficit of lymphoid
leukaemia in the 25-64-year age group was more
substantial near potential sites (RR = 0.80, p -
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radius were investigated. The data on leukaemia
and non-Hodgkin lymphoma were verified from
multiple sources and diagnostic review was
carried out for all but a small proportion of cases,
whether resident near nuclear sites or elsewhere.
There was no evidence of a general increased
incidence of childhood leukaemia and nonHodgkin lymphoma near nuclear sites iп
5сotland. As observed in other studies, there was
a significant excess risk in the zone around the
Dounreay nuclear reprocessing plant (0/E 1.99,
p value for Stone's maximum likelihood ratio
test for raised risk of disease in the vicinity of a
point source, 0.03). The result of a linear risk
score test for a trend of decreasing risk with
distance from the site was not statistically
significant, but the power of the study to detect
such a trend was low. The excess was only partly
accounted for by the sociodemographic characteristics of the study area. The only other
excesses observed were around one of the
electricity generating plants (0/E 1.08) and one
of the submarine bases (0/E 1.02). The results of
Stone's maximum likelihood ratio test and of the
risk score for trend were not statistically
significant.
In France, Hî11 and Laplanche (1990) compared
mortality in the 0--24-year age group between
communes within 21 km of six nuclear plants
which started operation in 1975 or earlier and
control communes. No substantial or significant
difference in standardized mortality rates
between exposed and control areas was found.
Expected numbers of cases were calculated from
national rates. In exposed areas, a significantly
high SMR (197) was observed for Hodgkin's
disease, and a significantly low SMR (41) for
malignant brain tumours; these deviations were
no longer significant after adjustment for
multiple comparisons. For leukaemia, no excess
was observed. There was no effect of sex aid age
or type of installation, and no trend associated
with distance from the installation.
In the USA, no association between residence
in a county with a nuclear installation and death
attributable to cancer of any specific type before
the age of 20 years was found QаЫon et al.,
1990). Mortality due to 16 cancer-related
categories was compared between 107 counties
in which at least 20% of the area was within 16
km of 62 nuclear installations and 292 counties
matched on a variety of sociodemographic characteristics (Table 4.2). For children under 10
years of age, the only relative risk significantly
greater than unity for counties near installations
versus control counties after start-up was for
cancer of the trachea, bronchus and lung (RR =

0.03). A greater excess of Hodgkin's disease (RR =
1.50, p = 0.05) was found near potential than
existing sites. An excess near potential sites in
the 25-64-year age group also was apparent (RR
= 1.23, p = 0.01), whereas this was not found for
existing sites. The authors conclude that there
are systematic differences between districts near
existing, or potential, sites of installations and
other districts.
Using incidence data, Bithell et al. (1994)
examined the ass ocation between leukaemia and
non-Hodgkin lymphoma diagnosed in the
period 1966-87 at ages up to 14 years and
residential proximity to 23 nuclear installations
in England and Wales. Three groups of
installations were considered: (1) eight
generating stations; (2) seven other installations
which emitted non-negligiЫe quantities of
radioactivity during the study period, and (3)
eight installations excluded from the above
groups either because emissions were believed to
be small or because operations started too late to
affect most of the children in the study. In
addition, six sites which had been investigated
for suitability for a nuclear power station but
where construction had not taken place were
considered. These were considered in the studies
of Cook-Mozaffari et al. (1987, 1989b). Regions
of 25 km radius were investigated, as in previous
studies. The size was partly influenced by
consideration of what constitutes a reasonable
commuting distance for workers at the plants.
The observed numbers of cases were compared
with expected numbers using a Poisson
regression model, with adjustment for
socioeconomic variables. 1n addition, a new test,
the linear risk score test, designed to be sensitive
to excess incidence in close proximity to a
putatiave source of risk, was applied. There was
no evidence of an increase in the incidence of
leukaemia and non-Hodgkin lymphoma within
25 km of the sites considered, or for a general
effect of spatial proximity to the sites as
determined by the linear risk score test. The only
statistically significant results using this test
were for Sellаfiеld (group 2) (which was entirely
due to the cases in Seаscale), Burghfield (group
3) and one of the control sites.
Sharp et al. (1996) investigated the incidence
of leukaemia and non-Hodgkin lymphoma
diagnosed in children aged under 15 years in the
vicinity of all seven nuclear sites in Scotland
during the period 1968-93. Three of the seven
installations were electricity power generating
plants, three were nuclear submarine bases, and
the other was the nuclear reprocessing plant at
Dounreay. As in other studies, regions of 25 km
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relevant. For example, in the county in which the
excess was found, there is a large naval shipyard.
In Germany, no excess incidence of total
malignancies before the age of 15 years diagnosed
between 1980 and 1990 was found to be
associated with proximity to nuclear installations
(Michaelis et al., 1992). Three zones of exposure
within the former Federal Republic were
considered: counties with at least one third of
their area within 15 km, 10 km or 5 km of 20
nuclear installations and 6 potential sites of
nuclear installations. Control counties were
selected randomly from those matching the
exposed ones on social class, population density,
paediatric oncology centre, and having their
closest boundary to the reference location
between 30 and 100 km. Counties closer than 15
km to the sea, to a foreign border, or to the border
with the former Democratic Republic were
excluded. Age-standardized incidence rates were
lower than expected on the basis of national rates
in both exposed and control areas. An increased
relative risk associated with areas within 15 km of
an installation was observed for acute leukaemia
diagnosed before 5 years of age (RR = 1.28, p =
0.037) and for non-Hodgkin lymphoma before 15
years of age (RR = 1.67, p = 0.017). The relative
risk of acute leukaemia in the 0.4-year age group
within 5 km of the plant was 3.01 р = 0.015), but
both this and the finding relating to proximity
within 15 km depend on low standardized
incidence rates iп the control regions. This was
also true for non-Hodgkin lymphoma. No excess
was observed for Hodgkin's lymphoma. For acute
leukaemia, the relative risks were greatest for
plants starting operation before 1970 but, again,
this was largely due to low rates in the control
regions. A trend of decreasing relative risk with
increasing distance from the installations was
observed in this period, but was reversed for the
other periods. The incidence of total childhood
cancer in regions in which nuclear power plants
had been planned was slightly higher than in
regions in which such plants were in operation.
Mortality due to leukaemias in children aged
0-14 years during the period 1950-87 and
incidence during the period 1964-86 in Ontario,
Canada, has been investigated (Clarke et al., 1991;
McLaughlin et al., 1993а). unlike the UK, Canada
has no nuclear fuel reprocessing plants or
weapons research and manufacturing facilities.
However, there are reactor research establishments in which experimental processes could
give rise to a wide range of potential emissions,
uranium mines, mills aid refineries which
potentially could release radioactive dust into the
environment, and nuclear power generating

2.24, p < 0.01, 26 exposed and 19 unexposed
cases). However, this excess depended in large
part on a low SMR (0.61) in the control countries
in the periods before the nuclear plats started
operation, significantly lower than that in the
same countries after start-up (RR = 0.40). For
children aged 10-19 years, the only relative risk
significantly greater than unity for the period
after start-up was for digestive cancer (RB = 1.30,
p < 0.05, 105 exposed and 150 unexposed cases).
A significant deficit of Hodgkin's disease was
observed (RR = 0.69, p < 0.01, 115 exposed and
336 unexposed cases) in this age group.
The consistency of relative risks of leukaemia
mortality before 10 years of age associated with
residence near individual facilities was assessed.
Relative risks based on fewer than three deaths
in the installation or control areas, or where
there were fewer than 10 deaths in installations
and control areas combined, were excluded. For
the period after start-up, 19 installation areas
were associated with relative risks of unity or
more compared with 16 areas with relative risks
of less than unity. Before start-up, 35 areas were
associated with relative risks of unity or greater,
compared with 16 areas where these were less
than unity. For all cancers other than leukaemia
in children aged under 10 years, when the areas
near to installations were compared either with
the control areas after start-up or themselves
before start-up, two thirds of the facilities had
relative risks of unity or more, none of which
was statistically significant. The largest relative
risk (1.24 after start-up) was for installations
whose primary function is electricity production
and in which operations began in the period
1975-81. The elevation in risk depended on low
mortality rates in control areas (SMR = 0.85,
compared with 1.02 in the areas near the
installations).
Data on incidence were available for five
counties in Connecticut and Iowa in the vicinity
of four installations, all of whose primary
function was electricity generation (jablon et al.,
1990). Since incidence data were not available
for all of the control counties, assessment was
based on standardized registration ratios (SRR),
with expected numbers derived from state-wide
registrations, before and after start-up. Before
start-up, the SRR for leukaemia under age 10
years in all facilities combined was 1.13 (not
significant) whereas after start-up the SRR was
1.36 (p < 0.01) aablon et al., 1991). The finding
largely depended on an excess around one plant
in Connecticut. The result may be due to chance
in view of the large number of comparisons, and
installations other than nuclear plants may be
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stations which may release low levels of
radioactive waste. Ontario is the only province
with all three types of facility. The primary
hypothesis was that there might be an excess of
childhood leukaemia in the vicinity of the two
nuclear research facilities in Ontario, because
some of the emissions might be similar to those
of the Sellafield plant. The second hypothesis was
that there might be an excess in the vicinity of
the two uranium facilities concerned with
uranium mining, milling and refining. The
analysis of leukaemia frequency in the vicinity of
the nuclear power generating stations was
exploratory. Residence was classified according to
(a) county and (b) zone within 25 km around
each of the nuclear facilities. On the basis of the
results of studies in the UK, it was postulated that
any excess risk would be limited to children who
were born in the vicinity of the facilities.
A deficit of both incidence and mortality was
observed in the vicinity of the nuclear research
facility. Slight and non-statistically significant
excesses of both incidence and mortality were
observed in areas around the uranium mining
and refining plants, and around nuclear power
generating stations. Mortality ratios were
examined for the periods before and after the
opening of one of the nuclear plants. There was
no difference between the mortality ratios when
residence at death was considered, but when
mortality by residence of birth was considered,
the mortality ratio in the period after the plant
commenced operations was greater than in the
period before. The study had sufficient power to
detect excess risks of the magnitude observed in
Sellafield and Dounreay, but no excess of this
magnitude was found.
In a study of 656 cases of childhood leukaemia
in Sweden ascertained during the period
1980-90, no evidence of excesses in the vicinity
of the four nuclear power facilities in the country
was found (Waller et al., 1995). Population counts
from the 1982 census were used. There was little
difference in the results obtained when counts
averaged over the 1976, 1982 and 1988 censuses
were considered.

the vicinity of a nuclear plant in the Negev, Israel
(Sofer et al., 1991) or of total childhood cancer in
the area around the Wirgassen plant in Germany
(Prindull et al., 1993).

Background radiation: terrestrial
gamma radiation
Kneale and Stewart (1987) and Knox et al.
(1988) investigated the association between
outdoor terrestrial gamma radiation exposure
levels, based on measurements for 95% of the
2400 10-km grid squares of Great Britain (time
period of measurement unspecified) and deaths
due to childhood cancer (n = 22 351) during the
period 1953-79. The address at the time of death,
or birth if this was known to be different, was
coded to local authority district; the first level of
matching of local authority district and grid
square resulted in 911 geographical units, called
"demographic districts". There was no association
between the death rate due to childhood cancer
and degree of outdoor terrestrial gamma
radiation exposure at this level of analysis.
However, when the analysis was repeated with
stratification by 100-km grid squares, to provide
some control for broader geographical variation
which might be due to social factors, a significant
positive association between childhood cancer
death and gamma radiation emerged. In an
analysis of a subset of 14 759 cases in which data
from matched controls were used to characterize
the cohorts of births in the 911 demographic
districts, there was a weakly significant positive
association between the childhood cancer death
rate and gamma radiation, independent of
positive associations with maternal age and
prenatal exposure to X-rays. The authors
acknowledged that cases for whom complete data
on sociodemographic factors and medical
exposures were available may riot have
represented the totality of cancer deaths. The risk
per unit dose from terrestrial gamma radiation
was greater than that from prenatal X-rays, which
the authors suggested was due to differences in
timing of exposure. Prenatal X-ray exposure was
concentrated in the third trimester, whereas the
terrestrial gamma radiation exposure occurred in
all trimesters, including the very sensitive first
trimester.
Again in Great Britain, in the fifteen-year
period 1969-83, no association between
childhood leukaemia and outdoor and indoor
gamma radiation levels was found (Muirhead et
al., 1991, 1992; Richardson et al., 1995). The
geographical units of analysis were the 459
district level local authorities in England and
Wales, and regional districts in Scotland. The

Other studies of areas around nuclear
installations
In the UK and the USA, the frequency of
childhood cancer in areas around single
installations or a small group of installations, in
the latter case motivated by suspicion of excess,
has been examined in a cumber of studies (for
reviews, see Cook-Mozaffari et al., 1987; Gardner,
1989; Jablon et al., 1990; MacMahon, 1992а).
Elsewhere, there was no excess of leukaemia in
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measurements of outdoor terrestrial gamma
radiation exposure levels were the same as those
considered in the studies of Kneale and Stewart
(1987) and Knox et al. (1988).

Background radiation: radon
In Swedes, there has been concern about
residential exposure to radon, in part as a
consequence of increased use of building
materials based on lightweight concrete
containing alum shale, and central heating and
energy-saving insulation with attempts to
eliminate uncontrolled ventilation, leading to
raised indoor concentrations of radon daughters
(Stjernfeldt et al., 1987). Concern among
parents of children with cancer regarding high
radiation levels in their homes led these authors
to study the gamma and alpha radiation levels
in the homes of a group of children in
istergotland. Cases comprised 28 children with
all types of childhood cancer who had been
regularly seen at the university paediatric unit
between 1980 and 1984. For 15 cases,
measurements could be made in all of the
dwellings in which the child with cancer had
lived from the time of conception to diagnosis.
For each of these, a playmate matched on age
and sex was chosen as a control. There was no
appreciable difference between the groups in
gamma radiation or radon daughter exposure.
The median cumulative dose to the gonads from
gamma radiation was 0.80 mGy for cases and
0.75 mGy for controls. The median cumulative
radondaughter exposure for cases was 120
Bq /m3 and 150 Bq /m3 for controls. For the other
13 children with cancer, access to all dwellings
in which they had lived was not possible, and
measurements were made only at their current
residence. On the basis of current residence, the
estimated median cumulative gamma radiation
dose was 0.55 mGy aid the radon daughter
exposure was 140 Bq/m3. The annual average
radon daughter concentration in each of these
three groups is similar to the national average
for Sweden.
Wakefield and Kohler (1991) reported a
case—control study in which indoor radon
concentrations over the same three-month
period were assessed in the bedroom and living
room of children in the Wessex Health Region.
The cases comprised 42 children with cancer
diagnosed in a three-year period, 45% of whom
had ALL. There were 39 controls, matched with
cases on age and area of residence. Cases who
had moved house during the year before
diagnosis and controls who had moved house in
the year before the diagnosis of the matched

case were not recruited. The mean indoor radon
concentrations were similar between the
groups.
The association between childhood cancer
and indoor radon exposure has been assessed in
several ecological studies. He shave et al. (1990)
found a correlation between the incidence of
total childhood cancer in 13 countries and
population-averaged arithmetic mean radon
concentrations, weighted according to the
number of measurements, of 0.78 (р < 0.01).
The correlation with indoor gamma radiation
measurements determined from a variety of
published sources was 0.44; this was not
statistically significant. The assumption of the
analysis is that national mean radon
concentrations apply to areas for which cancer
registration data were available. Gutland et al.
(1990) observed that both records of cancer

incidence and estimâtes of average radon
exposure were of questionable accuracy for
some of the countries included in this analysis,
and they reanalysed the data, including only six
countries on which more reliable data were
available. The correlation coefficient was 0.85 (p
<0.05). Thus, the correlation coefficient was not
reduced. In early work, it was assumed that
radon exposure leads to a negligible dose
contribution to the fetus and to red bone
marrow. Henshaw et al. (1990) postulated a
mechanism whereby inhalation of radon and
radon daughters might expose bone marrow
stem cells to biologically effective doses, but this
was subsequently challenged by Mole (1990а).
In England and Wales, Alexander et al. (1990с)
considered the correlation between ALL in
children aged up to 14 years and annual
effective dose equivalent exposures to radon gas
and gamma rays in households for 22
administrative counties during the period
1984-88. The Spearman rank correlation
coefficient between county standardized
morbidity ratios and the geometric means of the
radiation measures was 0.65 for radon (p <
0.005) and —0.13 for gamma rays (not
significant). The authors noted that the
incidence of leukaemia aid lymphoma tends to
be high in south-west England and radonlevels
there are also high, so that the correlations
might merely reflect an association between
disease risk and some other factor in the southwest. However, after exclusion of the six
south-western counties, the correlation between
ALL and radon increased to 0.74 (p < 0.001). The
authors note that the correlation for ALL
remained statistically significant even after
applying a correction for multiple significance
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testing. The data were based on location at
diagnosis, and previous residences were not
taken into account. Potential confounding by
socioeconomic variables has been discussed, but
its effect is unclear (Lucie, 1991; Wolff, 1991а).
Muirhead et a1. (1991, 1992) considered data
on leukaemia and non-Hodgkin lymphoma in
children ascertained from the Childhood
Cancer Research Group register during the
period 1969--83 in 459 county districts in
England and Wales and regional districts in
Scotland. Average indoor radon concentrations
and gamma dose rates obtained by the UK
National Radiological Protection Board were
used. With data aggregated into counties, the
regression coefficient for indoor radon
concentration was positive and that for indoor
gamma dose negative when both terms were
included simultaneously into a Poisson
regression model, both terms being of
borderline statistical significance. However,
when analysis was made by district within each
country, the coefficient for radon was negative
and that for indoor gamma dose was positive.
This difference between the analyses based on
counties and on the smaller districts within
them suggests that the between-county analysis
was affected by geographical confounding
factors. Further analysis of essentially the same
database using a Poisson regression approach
including environmental co-variates and a
hierarchical Bayesian model in which Poisson
over-dispersion was modelled showed no
consistent evidence of any association with
radon levels (Richardson et al., 1995).
Iп Devon and Cornwall, which are the
countries with the highest levels of exposure to
radon in England and Wales, the incidence of
childhood malignancies of ai types was lower
in postcode sectors with radon exposures of
100 Bq/m3 or more than in sectors with lower
exposure (Thorne et a1., 1996). This difference
was not statistically significant. When specific
types of childhood cancer were considered, the
incidence of neuroblastoma was statistically
significantly higher i the sectors of higher
exposure than in those with lower exposure.
This may be a chance finding in view of the
multiple significance tests performed.
Furthermore, the incidence rate of neuro blastoma in the sectors of higher exposure was
similar to that of the rest of the UK (Parker &
Craft, 1996).
Collman et al. (1991) examined cancer death
rates among children aged under 15 years during
the period 1950-79 in counties within North
Carolina ranked according to average

groundwater radon concentration. This
concentration was available from surveys of 308
public water supplies in communities with a
population of at least 100 people, carried out in
1975 and in 1981-82. The geometric mean
radon concentration was calculated for 75
counties where direct measurements were
available for one or more water supplies. For the
25 counties for which no such measurements
were available, radon concentration was
imputed by linear regression based on
concentrations in other counties in North
Carolina with similar geological characteristics.
All counties were subsequently ranked in tertiles
of exposure. For total childhood cancer, the
relative risks compared with the tertile of low
exposure were 1.16 (95% CI 1.05-1.28) for the
middle tertile and 1.23 (95% CI 1.11-1.37) for
the high tertile. The corresponding relative risks
for childhood leukaemia were 1.26 and 1.33. In
general, residences in counties with high radon
concentrations in groundwater will have higher
indoor radon exposures иn air and/or water. The
authors noted that counties with high radon
concentration in groundwater tended to be
located in the western and central portions of
the state. Thus, it was possible that there was
some unknown confounding factor that also
had this geographic distribution, but the authors
were unable to identify one.
Following local concern about a possible
excess of childhood cancer in E11weiler, a village
in the Rheinland-Pfalz state of Germany, in the
late 1980s, the incidence of childhood
malignancies within radii of 5, 10, 15 and 20 km
of a uranium-processing plant during the period
1970-89 was investigated (Hoffmann et al.,
1993). The plant was built in 1961 about 1.5 km
from the village. There appeared to be an excess
of childhood leukaemia (7 cases diagnosed at
ages under 20 years observed vs 2.3 expected on
the basis of rates for the neighbouring state of
Saarland), but not of solid tumours of
childhood, within 5 km of the plant. Four of the
seven cases occurred in two particular villages, in
which about 23% of the population of the area
within 5 km of the plant resided. The subsoil of
the region within 20 km of the plant contains
high concentrations of natural uranium ore, and
there are high levels of external gamma
radiation and high levels of indoor radon.
However, the geographical distribution of these
exposures did not appear to account for the
distribution of leukaemia cases. Radiationspecific chromosome observations were found in
one of two healthy siblings and one father of a
leukaemia case as well as in three healthy
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individuals living in houses with high radon
activities (it is not clear whether these
observations were made in systematic family
studies in the area). It was suggested that the
drinking water of the villages in which four of
the cases had lived might have become
contaminated by radium-226 from dumps of ore
from which uranium had been extracted, but no
measurements of drinking water contamination
were available.
Pobel and Viet (1997), in a case—control study
of childhood leukaemia in the vicinity of the
nuclear reprocessing plant at La Hague, France,
found an increased risk of leukaemia associated
with a surrogate for radon exposure. The relative
risk per year of residence in homes reported to be
made of granite material or built on granite
ground was 1.18 (95% CI 1.03-1.42). The
presence of granite in the building materials
could be verified for the current but not previous
residences. No association was observed with the
length of residence in homes with double
glazing, which might have been expected to lead
to concentration of radon gas within the home.
(Further details of this study are given in the
section on paternal occupational exposure).

Conclusions regarding the effects of
residential exposure to ionizing
radiation
The data on the effects of the atomic bomb
explosions in Japan do not indicate any
substantial increase in the risk of cancer among
the offspring conceived by survivors after the
explosions. A modest increase in risk was found
for children exposed in utero, but this was not
apparent for leukaemia, which appears to be
inconsistent with the findings for prenatal X-ray
exposure. With regard to the three reactor
accidents whose effects on childhood cancer
have been considered, the data are either
inadequate or the follow-up is as yet insufficient
to evaluate the effects of the most serious, that
at Chernobyl. No excess was found in relation to
the accident at Three Mile Island, and the
predicted excess following the Windscale fire is
too small to be detectable.
There is no clear evidence of a relationship
between fallout due to weapons testing and
childhood leukaemia in studies in the USA, the
UK, the Nordic countries or in Kazakstan. A
relationship between fallout and thyroid disease
was found in a study in Nevada and Utah, but
bias in the ascertainment of thyroid disease
might have been substantial.
Excesses of childhood leukaemia have been
identified in the area around two nuclear

processing plants in the UK, at Sellafield and
Dounreay. Similar excesses have not been found
around nuclear reprocessing plants in France or
the USA. Weak excesses of lymphoid leukaemia
deaths around installations other than Sellаfield
with start-up dates before 1955 were found in
England and Wales, but not for other categories
of nuclear installations. There were also weak
excesses near sites either which have been
considered for construction of nuclear
installations in England and Wales and in
Germany or in which start-up of a nuclear
installation was after the period of study in
England and Wales. No association between,
leukaemia or total cancer, mortality or
incidence, and proximity to nuclear plants was
found in studies in Canada, France, Germany or
the United States. The discrepancy between
observations in the UK and in other countries
has led investigators in the UK to consider characteristics of the areas in which nuclear
installations, or potential sites of these are
located, other than the presence of the

installations themselves.
A relationship between markers of indoor
radon concentration and total childhood cancer
has been found in one international correlation
study and in an ecological study in North
Carolina, and with leukaemia in two ecological
studies at county level in the UK. However, the
relationship is not apparent at district level.
These analyses do not take potential
confounding factors into account. The two
available case—control studies do not suggest any
relationship between childhood cancer and
indoor radon concentrations, but were very
small.

Parental occupational exposure
Paternal occupational exposure
with the SеRа cеld писlвзr
plant in West Cumbria
associated

Considerable debate followed the reporting of a
positive association between leukaemia and nonHodgkin lymphoma in the under-25s and
paternal preconceptiooal exposure to ionizing
radiation in West Cumbria, an area where there
has been a prolonged excess of these diseases
(Gardner et al., 1990a,b). As described above, the
study followed a recommendation of the Black
Committee (Independent Advisory Group, 1984).
52 cases of leukaemia and 22 cases of nonHodgkin lymphoma born and diagnosed in West
Cumbria were ascertained from pathology
records, hospital records, cancer registries and
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death certificates during the period 1950-85.
Non-Hodgkin lymphoma was included because
this could have been confused with leukaemia in
the early years of the study and because of
evidence of an association with ionizing
radiation. Hodgkin's disease (23 cases) was
included but analysed separately. Two groups of
eight controls of the same sex as the case were
taken from the live birth register in which the
case's birth was entered. For one group (area
controls), searches were made backwards and
forwards until the nearest four births from West
Cumbria were found. For the second group (local
controls), the parish of residence of the mother
was an additional matching criterion, but
otherwise the selection procedure was similar to
that for the first group. A total of 381 area-only
controls, 372 local-only controls and 248 who
were both was identified, 1001 in all. Data on
parental occupation were obtained from three
sources. First, parental (mainly fathers')
occupations were abstracted from birth
certificates. This information was available for 68
(92%) of fathers of cases with leukaemia and nonHodgkin lymphoma and 969 (97%) of control
fathers, but for only 3 mothers of cases and 17
mothers of controls. Ten fathers of cases had been
employed at Sellafield at the time of the child's
birth: the relative risk compared with area
controls (38 exposed) was 2.0 (95% CI 0.9-4.7)
and with local controls (54 exposed) was 1.3 (95%
CI 0.5-3.4). Sесопд, occupational histories were
obtained by postal questionnaire from 48 fathers
of cases (67%) and 386 control fathers (39%).
Analysis of these data gave similar results to those
obtained from the birth certificate data and when
examining employment at conception rather
than birth. Third, data on the study were crossmatched with records of the plant and current
Sеllafield workforce. Agreement as to the fact of
employment at 5e11afield between this and the
other two sources was good. One father of a case
of Hodgkin's disease and five control fathers
recorded as working at 5e11afiеld on the birth
certificate were not recorded in the employer's
files. One case and seven controls recorded on the
employer's files were not recorded on birth
certificates.
For subjects identified as having worked at the
plant, dates of employment at the site and annual
external whole-body ionizing radiation
dosimetric data were supplied by the employer;
no details of exposure to internally incorporated
nucleotides were available at the time of
publication. This cross-check could not be made
for 11% of cases and 10% of controls (Gardner &
Snee, 1990). Relative risks were higher for fathers

with a radiation dosimetry record at conception
(10 cases, 32 area controls, 45 local controls)
than for those with a dosimetry record at any
time before conception or diagnosis. Total doses
before conception of 100 mSv or more were
accumulated by the fathers of four cases, five
area controls and three local controls; the
relative risk in the comparison with area controls
was 6.4 (95% CI 1.6-26.3) and as compared with
local controls 8.3 (95% CI 1.4-50.6). It has been
suggested that the six month period before
conception is the most sensitive for induction of
transmissible genetic damage; doses of 10 mSv or
more had been accumulated in this period by
the fathers of four cases, eight area controls and
five local controls. The relative risks were 4.3
(95% CI 1.2-16.1) and 5.0 (95% CI 1.1-22.2)
respectively. Later, both sets of relative risk
estimates were revised slightly following revision
of the estimates of radiation dose to take account
of men whose periods of employment in the
year of, or before, their child's conception did
not cover complete calendar years (Gardner,
1992). In the basis of data on all controls in the
study, about 9% of the workforce had
accumulated preconceptional doses of over 100
mSv and about 13% had received doses above 10
mSv during the six months before conception.
These findings were not confounded by
associations with maternal abdominal X-rays
during pregnancy or with maternal age. No
association was found with maternal viral
infection during pregnancy, Caesarean delivery,
social class, paternal age, or birthweight.
However, relative risks of the order of 1.5-2.5
were found for paternal employment in three of
the other four main industrial groups in West
Cumbria which employed more than 5% of
control fathers: iron and steel, farming and
chemicals. The relative risks were somewhat
higher for local controls than area controls.
No association that remained consistent
between the comparisons with area and local
controls was apparent for the behavioural habits
determined by questionnaire, but the response
rates were poor and the effect of the widespread
publicity upon responses obtained by
questionnaire cannot be assessed. Compared
with area controls, the relative risk of residence
at birth being more than 5 km from Sellafield
was 0.17 (95% CI 0.05-0.53). This association
was secondary to the association with paternal
employment.
No association with any of the factors
considered in relation to leukaemia and nonHodgkin lymphoma was found in the
comparison of 23 cases of Hodgkin's lymphoma
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with 130 area and 133 local controls. The
relative risks associated with paternal
emplôymeпt in Sellafield and for the dosage of
ionizing radiation received were stronger for
leukaemia alone than for leukaemia and nonHodgkin lymphoma. Thus, the authors
interpreted their results as suggesting that
occupational radiation exposure causes a germcell mutation, but noted the alternative
possibility that occupational exposures at the
plant led to contamination of the home
environment.
In a subsequent case—control study based
largely on the same cases as those included in
the study of Gardner et al. (1990a,b), but
different controls, a statistically significant
association between leukaemia and nonHodgkin lymphoma diagnosed before the age of
25 years and preconceptional external radiation
dose of the father was found (Health and Safety
Executive, 1993). The controls were randomly
selected from the same birth registers and same
time period as the case children. In contrast to
the study of Gardner et al. (1990a,b), in which
preconception radiation doses were estimated
from annual recorded external dose summaries,
the estimated external radiation doses were
based on the original dose records. The
association was apparent only if the father had
been resident in 5eascаlе at the time of birth of
the index child. This association also was limited
to those who started work at the site before
1965. No association was apparent for other
types of cancer, and there was no association
between childhood leukaemia and non-Hodgkin
lymphoma and the father's preconceptional
internal radiation dose to the testes, based on
biological monitoring data, potential exposure
to neutrons and alpha particles, chemical
exposures, or involvement in contamination
incidents. There were positive associations with
potential paternal occupational exposure to
tritium and potential exposure to trichloroethуlепе, as determined by a job—exposure matrix
approach. All the cases with potential tritium
exposure also had the highest level of potential
exposure to trichlorethylene, so the effects could
not be disentangled.
Kinlen (1993) has shown that the excess
incidence of leukaemia and non-Hodgkin
lymphoma in the 0-24-year age group in
Seascale is not restricted to persons who were
born there, and that paternal preconceptional
exposure to ionizing radiation canot account
for the excess among those born outside
Seаscаle. During the period 1951-91, there were
five cases (0.74 expected) born outside the

village. Only two fathers had received preconceptional exposure to ionizing radiation; one
had received a lifetime preconceptional dose
greater than 100 mSv, the other 5.5 mSv. Neither
of these was exposed in the six months before
conception. Kinlen suggested that the
association among subjects born in Sеascale
reported by Gardner et al. (1990а), if not partly
due to chance, might be indirect.
Parker et al. (1993) studied the geographical
distribution of 10 363 births in Cumbria during
the period 1950-89 to fathers employed at
Sellafield, by total preconceptional radiation
dose and the dose received in the six months
before conception. The authors postulated that
if it were true that preconceptional exposure to
ionizing radiation accounted for the excess
leukaemia in children born and diagnosed in
5eascale (Gardner et a1., 1990a), then paternal
preconceptional radiation doses would be
expected to be concentrated in fathers of
children born in Sеascаlе, as they considered
that there is no evidence of a general excess of
childhood leukaemia in the rest of West
Cumbria. Contrary to this hypothesis, overall
7% of the collective total preconceptional dose
and 7% of the collective dose for the period six
months before conception were associated with
children born in Seascalе. Of all the children
whose fathers worked at Se11af1еld, 8% were born
in Sеasсаlе. The mean individual preconceptional doses were lower in Seascalе than in the rest of
West Cumbria. Regarding a general excess in
West Cumbria, high rates of ALL in both
children and adults in Cumbria during the
period 1984-88 have been reported in a study in
which ascertainment was based on central
diagnostic laboratories and cancer registries
(Cartwright et al., 1990).
Following the identification of excesses of
leukaemia diagnosed before the age of 25 years
in Egremont North (an electoral ward in West
Cumbria) and in Broughton (a ward adjacent to
West Cumbria), as well as confirmation of the
excess in Sеаsсalе by Craft et al. (1993; see
above), Wakeford and Parker (1996) sought to
determine whether these excesses could be
accounted for by preconceptional occupational
radiation exposure of the father. The area of
study comprised the area served by West
Cumbria District Health Authority and the
adjacent Broughton ward. In contrast to the
study of Gardner et a1. (1990а,b), who estimated
preconception radiation doses from annual
recorded external dose summaries, the
cumulative dose of external whole-body
radiation was calculated from original dose
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records. The overall incidence of leukaernia and
non-Hodgkin lymphoma diagnosed at ages 0-24
in West Cumbria during the period 1968-85
excluding 5еаsсаlе ward was not unusual.
Analysis at electoral ward level was made for six
diagnostic categories and three age groups. Eight
of 50 electoraI wards had an incidence rate ratio
whose lower 95% confidence limit exceeded
unity. Among the fathers of the 27 children with
leukaemia or non-Hodgkin lymphoma in these
wards, the records of seven were definitely
linked to a record of radiation exposure during
the preconceptional period, and a possible
match was identified for a further five. For five
of the seven definitely matched, the offspring
were resident in Seascale at the time of
diagnosis. None of the fathers of the cases
resident in Egremoпt North at the time of
diagnosis was matched, either definitely or
possibly. One of the fathers of the three cases
resident in Broughton had a possible match.
Therefore, the association between leukaemia
and non-Hodgkin lymphoma and paternal preconceptional exposure to radiation apparent in
Seascale is not supported by data from elsewhere
in West Cumbria.
McKinney et al. (1991) carried out а study of
leukaemia and non-Hodgkin lymphoma in
children aged up to 14 years diagnosed during
the period 1974-88, thus partially overlapping
the group studied by Gardner et al. (1990a,b).
Three areas in which high rates of childhood
leukaemia had been identified were included:
West Cumbria, North Humberside and
Gateshead. Interviews were completed with
parents of 109 (89%) of the 123 cases identified
who were resident in the same area at diagnosis
as at birth. Two controls matching with each
case on sex, date and health district of birth, and
resident in the same area at the time their
matched case was diagnosed, were sought. 206
controls were recruited. The participation rate of
the first eligible control families approached was
71%. Occupational data relating to the
biological father were available for 101 cases and
178 controls for the preconceptional period, and
100 cases and 169 controls for the periconceptional period and during pregnancy. 25 fathers
(15 of cases, 10 of controls) reported exposure to
radiation during these periods. This information
was checked against records of the National
Registry for Radiation Workers and British
Nuclear Fuels, Sellafield, Cumbria. Exposures to
ionizing radiation were recorded as (1) "certain"
when а total external gamma dose was recorded
in either source; (2) "possible" for other contract
workers on nuclear sites and industrial
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radiographers; (3) "unlikely" when exposure to
ionizing radiation was reported for occupations
such as in education and medicine. Exposure to
non-ionizing radiation included work as a radar
or radio operator.
Paternal exposure to ionizing or non-ionizing
radiation in the preconceptional period was
associated with a relative risk of leukaemia and
non-Hodgkin lymphoma of 3.2 (95% CI
1.4-7.7); this remained significant after
adjusting for possible confounding factors,
namely health-related occupations, employment
in the energy-supply industry, and a variety of
chemical exposures. When the definition was
restricted to reported exposure specifically to
ionizing radiation, the relative risk was 2.4 (95%
CI 0.9-6.2). The relative risk associated with
radiation (reported as ionizing or non-ionizing)
exposure during the periconceptional period
and during pregnancy was 15.1 (95% CI
2.4-338.0, based on eight exposed cases and one
exposed control), while that associated with
postnatal exposure was 3.1 (95% CI 1.0-10.3),
based on nine exposed cases and seven exposed
controls. The investigators noted that the small
numbers of exposed subjects and the high
correlation between exposures made it difficult
to identify which period of exposure might be
the most important. After adjustment for preconceptional and periconceptional exposure,
the relative risk associated with postnatal
exposure was 0.8 (95% CI 0.1-4.9). After
adjustment for postnatal exposure, the risks
associated with pre- and periconceptional
exposure remained significant.
Stratification showed that there was little
difference in the proportions of cases and
controls who had received "certain", "probаъlе
or "uпlikеly" exposures to ionizing radiation
before conception only, whereas higher
proportions of case fathers had received these
exposures prior to conception and in the penconceptional and gestational period. One case
with "possible" exposure and one control with
"certain" exposure in the preconceptional
period only, and two cases with "certain"
exposure in the pre-, periconceptional and
gestational periods had been included in the
study of Gardner et aI. (1990а,b). The raised odds
ratio for confirmed paternal exposure to
radiation in the periconceptional and
gestational period was entirely dependent on
cases included in the study by Gardner et al.
(1990а,Ь). Smith (1991) commented that it
would have been appropriate to exclude these
subjects in order to make an independent
assessment. This point is recognized by the

7ontztng radiation

the population which had at least а small chance
of receiving the exposure of primary interest,
namely preconceptional occupational exposure
to ionizing radiation. Therefore, regions of
Ontario were identified from which the labour
force for the nuclear facilities was likely to be
derived. Six facilities were considered: three
power generation plants, a research and
development facility, a uranium refinery and a
uranium mine and mill. The geographical areas
from which subjects were selected were based on
the residential distributions of the current
labour forces of the facilities. Childhood
leukaemia cases were identified from the
Ontario Cancer Registry. The case series included
children who died from leukaemia during the
period 1950-88, or who were diagnosed with the
disease between 1964 and 1988. A further
eligibility criterion was that the mother was to
be resident in the vicinity of an operating
nuclear facility in Ontario at the time of the
child's birth; this information was obtained from
birth certificates. The leukaemia diagnosis was
verified by review of pathology reports and other
information by the physician and, for cases that
were considered doubtful by the physician, all
information was reviewed by an oncologist with
expertise in the diagnosis of leukaemia. Of 112
cases identified, 87% were confirmed by
pathology reports.
Eight controls per case wére identified from
birth certificates, and were matched according to
date of birth and mothers' residence at the time
of birth. Six control children were ineligible
because they died before the development of
leukaemia in the associated cases. Thus, 890
controls were included in the analysis.
Data on the occupational exposure to ionizing
radiation of the father were obtained by record
linkage with the Canadian National Dose
Registry and subsequent verification by
comparison with records of the employer.
Whole-body external radiation doses, largely
due to gamma radiation, were determined. In
addition, for reactor workers, tritium dose, the
most common type of whole-body internal
exposure in this group, was assessed. For
uranium miners, internal exposure to the lung
due to radon and radon progeny was assessed.
Total whole-body dose was calculated for each
father by summing the external whole-body
dose and the tritium dose. In addition to lifetime
and annual radiation doses, dose calculations
were made for the most critical periods that were
identified by Gardner et al. (1990а,b), namely
the lifetime cumulative exposure ending at the
time of conception, and the total exposure

authors as regards ionizing radiation, but the
purpose of the study was to examine
associations with parental occupation in
general. However, the risk was not confined to
West Cumbria and exposed case fathers did not
work in the nuclear industry exclusively. Recall
bias could not have occurred as a consequence of
publicity about the study of Gardner et al.
(1990а,b) as all interviewing was completed
before its publication.
subsequently, Alexander et al. (1992b) cross
checked this entire study population against the
database of Gardner et aL (1990а,b) and carried
out an analysis restricted to case—control sets
that were discordant for paternal radiation
exposure and which were not included in that
data base. Confirming the initial report of
МсЮnпеу et al. (1991), there was no evidence of
an independent risk associated with paternal
postnatal exposure. The significant association
between leukaemia and paternal precоnceptional exposure persisted (RR = 5.1, 95% CI 1.5-22.0,
based on 11 exposed cases and 4 exposed
controls). Thus, the evidence for increased risk
was not confined to West Cumbria. All of the
cases had ALL. When subjects exposed to nonionizing radiation or considered "unlikely" to
have been exposed are excluded, the association
is no logger statistically significant (RR = 4.6,
95% CI 0.7-45.6). A stronger effect, but based on
smaller numbers, was again observed for penconceptional exposure (6 cases, zero controls:
95% CI 2.1—сю). Again, this effect is diluted after
excluding the above subjects (3 cases, zero
controls: 95% CI 0.8—сю).

Paternal occupational exposure
associated with nuclear plants in
Ontario, Canada
Iп a case—control study of Ieukaemia in
Ontario designed specifically to replicate the
finding of Gardner et al. (1990a,b), no
association between leukaemia and paternal preconceptional occupational exposure to ionizing
radiation was found (McLaughlin et al., 1992,
1993b). The occupational exposure in Ontario
was of interest because the workers do not
receive the types of chemical exposures
experienced by the workers involved in nuclear
fuel reprocessing at Sellafield, which may have
introduced some confounding in the study by
Gardner et a2. (1990a,b). In addition, workers at
Canadian nuclear reactors receive a substantial
proportion (20--40%) of their total radiation
exposure as an internal dose, largely due to
tritium. In order to make the study as efficient as
possible, cases and controls were selected from
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during the six-month period before the child's
conception. This approach was more precise
than the method employed by Gardner et al.,
which was to divide an annual dose in half to
estimate a six-month dose. McLaughIin et a1.
considered that if there were a leukaemogenic
effect of radiation acting via male germ cells, the
effect might be greatest for exposures during an
interval even shorter than the six-month preconceptional period studied by Gardner et ai.
(1990а,b). The duration of the period of spermatogenesis in man has been estimated to be 74
days (Count et al., 1970), so that the several
generations of precursor spermotogonia and the
spermatozoon that result in conception would
have existed in the testes for approximately
three months before conception. Therefore,
these authors also considered the radiation dose
during the three-month period preceding the
child's conception. The authors acknowledge
that many factors may have affected the quality
and consistency of the radiation dose data. In
order to evaluate this, dose data obtained from
regional records were used to evaluate the
quality of the National Dose Registry data, and
the sensitivity of the study results to the dose
measurement problems was explored in the
analysis.
Potential confounding by material age, birth
weight, birth order, sex and distance between a
child's residence at birth and the nearest nuclear
facility, was considered using information
available from birth certificates.
No association between the risk of childhood
leukaemia and either the period or type of
paternal occupational exposure to ionizing
radiation was found. Fir example, the relative
risk associated with exposure to radiation during
the father's lifetime before the child's
conception was 0.87 (95% CI 0.3-2.3, based on
the exposure of fathers of six cases and 53
controls). No gradient of effect with increasing
radiation dose was found. The doses reported by
Gardner et aI. to be most strongly associated
with leukaemia risk were specifically considered.
None of the cases had fathers with a lifetime preconceptional dose of 100 mSv or more,
compared with five controls. Again, none of the
cases had fathers exposed to 10 mSv or more in
the six months preceding conception, compared
with nine controls. The prevalences of exposure
to these doses were similar among the fathers of
controls in the study in Ontario and the study
by Gardner et ai. (1990a,b). The largest relative
risk estimate observed was for uranium miners
(RR = 7.27, 95% C1 0.6-88.7) based on five
exposed cases and 26 exposed controls. This may

be a chance finding, as statistical significance
was not achieved, the majority of radon dose
would have been to the lung and, in an
ecological study in Canada, no excess of
childhood leukaemia was observed in the region
in which the mine was located (Clarke et al.,
1991; McLaughlin et al., 1993а; see section on
residential exposure to ionizing radiation).

Paternal апд maternai occupational
exposure associated with the nuclear
installation at La Hague, France
A case—control study was carried out on 27
cases of leukaemia diagnosed at ages under 25
years during the period 1978-93 in persons
resident within 35 km of the La Hague facility,
and 192 controls matched for sex, age, place of
birth and residence at the time of diagnosis
(Pobel & Viel, 1997). The study area was defined
as including a radius of 35 km around the
reprocessing plant. Thus, the area also included
the contiguous low-level radioactive waste
depository, a nuclear power station 16 km away,
and uval dockyards where nuclear submarine
fuel is handled, 19 km away. Controls were
selected through the general practitioners of the
area who had delivered care to children with
leukaemia. Up to tel adult patients of these
general practitioners who had a child of the
same sex as the index case and similar age, place
of birth and place of residence at time of
diagnosis, were identified. Of 235 control
parents identified as possibly eligible, 35 were
subsequently found to be ineligible, and a
further eight either could not be contacted or
refused to participate, leaving 192 controls. Data
were obtained by home interview in the period
1993-96, and from occupational records for
those employed at nuclear establishments.
Details of external whole-body exposure to
ionizing radiation were obtained for all but three
fathers who had been employed at nuclear
establishments. According to employment and
radiation records, none of the fathers of cases
had detectable lifetime doses during the precorrceptional period. Nineteen (10%) of the control
fathers had been exposed during the preconceptio al period, seven to doses of 35 mSv or more,
sever to doses in the range of 1-34 m5V, and five
to lower doses. These doses were lower than
those received by fathers occupationally exposed
at Sellafield. Sixteen had been exposed in the
six-month period before conception (range
0.03-9.10 mSv) and 15 in the three-month
period before conception (range 0.02-4.62 mSv).
Two fathers of cases and 17 fathers of controls
were exposed during the gestational period, and
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five fathers of cases and 19 fathers of controls
during the lifetime of the index child. No
association was apparent in either of these
periods. А few mothers reported that they had
been exposed to radiation, but no association
was apparent with leukaemia iп their offspring.

Paternal occupational exposure
associated with nuclear plants in
Scotland
In a case—control study of leukaemia and nonHodgkin lymphoma in Scotlапd in the period
1958-90 among people aged under 25 years who
were born in or after 1958 (the year in which
nuclear operations began in Scotland), no
association with paternal preconceptional
occupational exposure to ionizing radiation was
found (Kinlen et al., 1993b). Unlike in the studies
in West Cumbria (Gardner et aL, 1990a) and
Ontario (McLaughlin et al., 1992, 1993b), the
study was not restricted to the vicinity of nuclear
facilities, but covered the whole of Scotland.
Thus, the proportion of fathers of controls who
received preconceptional occupational exposure
to ionizing radiation was substantially smaller
(0.8%) than that in the studies in West Cumbria
(15.9%) or Ontario (6.0%).
Cases were identified from the Scottish
National Cancer Registration Scheme,
supplemented by death registries because of
incomplete coverage in the early years of the
registration scheme. In addition, children born in
Scotland but whose disease was diagnosed
elsewhere, and cases in North Cumbria, included
because some workers at one Scottish nuclear
plant (Chapel Cross) live over the border in that
area, were ascertained from records of the Oxford
Survey of Childhood Cancer, the Childhood
Cancer Research Group, and Northern Young
Persons' Malignant Disease Register, and records
of deaths in England and Wales. Of 1478 cases
diagnosed in Scotland, 1261 (85%) had birth
certificates traced in Scotland with an associated
paternal name. There were an additional 12
children with malignancies diagnosed outside
Scotland, and a further 96 children from
northern Cumbria. Thus, a total of 1369 cases was
identified, for each of whom three controls
matched on sex, year and county of birth were
selected randomly from birth registers. Details of
fathers were matched against records of the
nudear industry.
Among the 5476 men included in the study,
only 41 had received preconceptional
occupational exposure to ionizing radiation.
Compared with unexposed fathers, the relative
risk of leukaemia and non-Hodgkin lymphoma in

the offspring of fathers who had received a
lifetime preconceptional exposure of 0.01-49.99
mSv was 1.14 (95% CI 0.5-2.5, based on 9
exposed cases and 24 exposed controls), and that
in the offspring of fathers who had received doses
of 50 or more mSv was 1.02 (95% CI 0.2-5.1,
based on 2 exposed cases and б exposed controls).
There was no association when analysis was
restricted to exposures received in the six-month
period preceding conception, or in the threemonth period before conception, in which the
authors postulated that any effect on germ cells
would be most evident. Again, no effect was
apparent when the analysis was restricted to
leukaemia. When levels of dose the same as those
reported in the analysis of Gardner et al. (1990a)
were considered, the relative risk of leukaemia
associated with a lifetime exposure of 100 mSv or
more was 0.0 (zero exposed cases, three exposed
controls), and that associated with an exposure in
the six months before conception of 10 mSv or
more was 2.3 (95% CI 0.3-17.2, based on two
exposed cases and three exposed controls). Thus,
as acknowledged by the authors, the findings
cannot entirely exclude an association (Kinlen et
a1., 1993b).
An excess of leukaemia and non-Hodgkin
lymphoma in young people had been reported in
the area around the Dounreay nuclear
installation in Caithness, Scotland, during the
period 1979-84 (COMARE, 1988). The Dounreay
and Se11afield installations are the only nuclear
reprocessing plants in the UK. One of a series of
investigations recommended by COMARE was a
case—control study. Urquhart et al. (1991)
reported an investigation of this type in children
aged under 15 years in Caithness during the
period 1968-86. The authors recognized that the
study would not be able to provide insights into
the general etiology of childhood lymphoid
malignancies because the numbers were small.
Instead, the authors sought to determine how far
risk factors identified in previous studies might
explain excess incidence of the disease within 25
km of the plant.
The parents of 13 out of 14 registered cases
agreed to participate. The participation of four
controls for each case, matched on sex, date of
birth and area of maternal residence at the time
of the child's birth, was sought. 47 control
parents gave permission for access to employers'
records. All parents included in the study were
matched against the occupational records held by
the UK Atomic Energy Authority at Dounreay
and Harwell and by HMS Vulcan, Caithness, to
determine periods of employment at nuclear
installations in the UK, annual radiation dose and
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period 1972-85 (Roman et al., 1987). The
excess was concentrated in children aged under
five years who were resident within 10 kin of
the atomic weapons establishments at
Aldermaston and Burghfield (see section on
residential exposure to ionizing radiation).
Roman et al. (1993) carried out a case-control
study to investigate whether the excess was
related to parental employment in the nuсlеaг
industry. Cases comprised children under five
years of age in whom leukaemia or nonHodgkin lymphoma was diagnosed between
1972 and 1989, and whose mothers were
resident in the area at the time of birth of the
child. Information was obtained on 54 out of
56 eligible cases. Six controls, matched for sex,
date of birth to within six months and area of
residence at birth and time of diagnosis were
selected for each case, four from hospital
delivery registers and two from live birth
registers maintained by the National Health
Service Central Register. Twenty-one controls
whose families had emigrated before the study
began or whose current family health services
authority was either not recorded or incorrectly
recorded, were replaced. Data were obtained
from four sources: the child's birth certificate,
personal interview with the parents, the
mother's obstetric notes, and employment and
health physics records held by the nuclear
industry.
One or both parents of five (9%) of thé 54
cases and 14 (4%) of the 324 controls had been
employed in the nuclear industry (RR = 2.2,
95% CI 0.6-6.9). Three fathers of cases and two
fathers of controls had been monitored by
being given film badges before their child was
conceived (9.0, 95% CI 1.0-107.8); no mother
of either a case or control had been so exposed.
No father had accumulated a recorded dose of
more than 5 mSv before his child was
conceived, and no father had been monitored
at any time in the four years before his child
was conceived. No dose-response relationship
was evident among fathers who had been
monitored by film badges. The associations,
which may be due to chance, cannot account
for the observed excess in the area. In the
analysis of Bithell et al. (1994), described
above, the linear risk score test was statistically
significant for Burghfield but not for
Aldermaston. As Burghfield has substantially
lower levels of radioactive emissions than
Aldermaston, such emissions appear not to be a
plausible explanation of the excess of
leukaemia and non-Hodgkin lymphoma in
children.

monthly radiation dose for the two years before
the birth of the child. 26 of these parents and 11
of the parents of cases were interviewed. When
the parents of fewer than two controls were
available for interview, substitute controls were
selected —10 in all. The interview data were used
to confirm the information on parental
occupation obtained from birth certificates and
employers' records, and to obtain data on
potentially confounding factors.
Three fathers of cases had been employed at
Dounreay at the time of the child's birth,
compared with 15 fathers of controls; the
associated relative risk is 0.6 (95% CI 0.1-2.6).
The three fathers of cases all had been employed
at the plant in the periconceptional period. With
regard to accumulated external dose before
conception, one control father had received a
cumulative exposure of more than 100 m5v
(Fisher's exact р value - 0.79; cf. Gardner et al.,
1990а). No case father had received a dose as
high as this; the highest dose received by the
father of a case was 40 mSv. One father of a case
and one father of a control received a dose of
more than 10 mSv in the six months preceding
conception (Fisher's exact р value = 0.38). When
analysis was restricted to subjects resident within
25 km of Dounreay, the odds ratio associated
with paternal employment in the nuclear
industry at the time of birth or conception was
0.4 (95% CI 0.1-2.3), and the р values associated
with the accumulated doses were similar to those
observed in the overall analysis. Thus, the excess
risk around the plant could not be explained by
paternal occupational exposures.
Gardner (1991) observed that Dounreay
became operational later than Sellafield. Annual
average doses of external ionizing radiation
among workers in the nuclear industry have
declined. Whereas some 34% of workers of
Sella6eld had accumulated a dose of more than
100 mSv by 1983, with a mean exposure of 124
mSv, only 13% of workers at Dounreay had
received a dose of over 100 mSv by 1979, with a
mean exposure of 47 mSv. Therefore, the results
presented by Urquhart et al. relate to a working
environment with lower exposure than that at
Sellafield.

Paternal and maternal occupational
exposure associated with nuclear
plants in West Berkshire, Basingstoke
and North Hampshire, England
An increased incidence of childhood
leukaemia in the West Berkshire and
Basingstoke, and North Hampshire District
Health Authorities was observed during the
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Paternal occupational exposure
associated with nuclear plants in
Germany
In a study in the former West Germany
comparing the incidence of childhood cancer
between areas around nuclear installations and
control areas, Michaelis et al. (1992)
administered self-completed questionnaires to
a subgroup of parents of cases. Among 324
questionnaires returned (63.7% participation
rate), 12 parents had worked in nuclear
installations. Dosimetry data were obtained for
an unspecified number of parents. None of
these had received a cumulative dose as high as
100 mSv. Subsequently, Michaelis et al. (1994)
reported a historical cohort study of 9669
children boar to 6897 men employed in
nuclear plants in the former West Germany.
The study was restricted to employees who
were monitored for radiation and took part in
annual compulsory medical examinations. The
maximum preconceptional dose observed was
0.4 mSv. Only one case of childhood leukaemia
was associated with preconceptional exposure
of the father (SIR 0.8, 95% CI 0.02-4.2). Four
cases of leukaemia were observed in the
offspring of fathers who could have been
exposed until the date of diagnosis (SIR 1.5,
95% CI 0.4-3.8). The corresponding SIR for all
types of childhood cancer combined was 0.5
(95% CI 0.1-1.3).

PaterпaI occupational exposure
associated with the nuclear plant at
Tarapur, India
Cancer mortality in approximately 2700
employers, and their families, who worked in a
nuclear complex, including a fuel-reprocessing
plant and a waste-management facility, in
Tarapur, approximately 100 km from Bombay,
was compared with mortality data from the
Bombay Cancer Registry (Nambi et al., 1992).
One child of a male employee died of
leukaemia. The overall death rate in children
was much lower than in the reference
population, because employees and their
families have access to medical facilities that
are not available for the reference population.

Parental occupational exposure to
ionizing radiation other than from
nuclear plants
The results of studies of associations with
parental occupational exposure to ionizing
radiation other than those specifically relating to
nuclear plants are summarized in Table 4.3.
There is limited evidence of an association

between leukaemia and paternal exposure to
ionizing radiation determined by a direct
question. Buckley et a1. (1989b) noted that 17
fathers of cases with acute non-lymphocytic
leukaemia and 9 fathers of controls had worked
in jobs that required a dosimetry badge to be
worn. There was no significant trend with
duration of exposure, but the odds ratio for
exposures of 1000 days or more compared with
non-exposure was 1.9 (р = 0.22). A weak
elevation in the relative risk of leukaemia
associated with paternal exposure during the
index pregnancy (RR = 1.4, 95% CI 0.6-3.5) was
found by Van Steensel-Moll et aI. (1985b). Iп the
study of Lowengart et я1. (1987), it was stated
that the relative risk was not statistically
significant. Subsequently, in an extension of the
study specifically to assess associations with
residential exposure to electric and magnetic
fields, London et al. (1991) reported that there
were elevated univariate odds ratios associated
with paternal occupational exposure to ionizing
radiation before aid during the pregnancy
leading to the birth of the index case, and
during the postnatal period. No association with
leukaemia and lymphoma was found in the
study in which exposure was inferred from
industry and occupation reported in a job
history (Hicks et al., 1984).
Information on paternal occupation during or
before the index pregnancy was sought for
15 279 children dying from cancer during the
period 1953-81 in Great Britain, and for an
equal number of matched controls (Sorahan &
Roberts, 1993). The authors acknowledged that
some improvement in survival rates occurred
during the later years of the survey. However,
the vast majority of exposed cases aid controls
arose from pre-1971 birth cohorts, and related to
periods when the series of childhood cancer
deaths was similar to a series of incident cases.
The information on paternal exposure was
obtained by parental interview, usually of the
mother. The proportion of eligible case—control
pairs whose parents were interviewed was 79%
for 1953-59, 72% for 1960--69, and 49% for
1970--81. Thus, although participation rates fell
during the course of the study, they were
relatively high in the period when occupational
exposure to ionizing radiation was highest.
Controls matched on sex and date of birth were
selected from the birth register of the local
authority in which the case parents were living
at the time of interview. The data on paternal
occupation were entered into computer files in
text form. A total of nearly 37 000 occupation
entries were recorded (case—control ratio 1.03)
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of childhood cancer. In their study, there were
only two radiologists, and both were control
fathers.
Roman et al. (1996) investigated the
occurrence of childhood cancer among the
offspring of medical radiographers. Of 892 men
who were members of the College of
Radiographers in the UK, 662 (78%) returned
postal questionnaires about current and past
jobs, reproductive history and health of any
offspring during the period 1988-90. In a total
of 998 liveborn offspring of these men, five
cancers were diagnosed in childhood, compared
with 1.8 expected on the basis of national rates
(OIE = 2.7, 95% CI 0.9-6.5). Two of the cases
had leukaemia or non-Hodgkin lymphoma (O/E
= 3.3, 95% C1 0.4-12.0). 0f 5838 women who
were members of the College, 4847 (86%)
returned questionnaires reporting a total 0f
6609 livebirths. Eleven cancers were diagnosed

and from these a dictionary of 13 604 unique job
titles was produced. This dictionary was
supplied to a medical physicist who selected
some 200 job titles as having a potential for
occupational exposure to ionizing radiation.
Subsequently, the external ionizing radiation
dose for the six-month period before conception
of the child was estimated. Five matched pairs
were excluded because either the case father (n =
2) or control father (n = 3) had been employed
at Sеllafield. A further 405 matched pairs were
excluded either because the child had been
adopted or because the data on occupation of
the father were not available.
Following Gardner et al. (1990a,b), the
estimated doses were categorized as: not
exposed; 1-4 m5v; 5-9 mSv; and 10 rпSv or
more. For leukaemia, the associated relative risks
were 1.33, 4.00 and 1.00. Fir non-Hodgkin
lymphoma, there were only two exposed case
fathers and two exposed control fathers; when
this disease was included with leukaemia, the
relative risks became 1.39, 1.33 and 2.00. For all
childhood cancers excluding leukaemia and
non-Hodgkin lymphoma, the relative risks were
1.25, 4.00 and 0.67 (Sоrahan & Roberts, 1993).
The relative risks associated with potential
paternal exposure to radionucleotides, i.e.
unsealed sources, were: for leukaemia 2.75 (95%
CI 0.9-8.6, based on 15 discordant pairs); for
leukaemia and non-Hodgkin lymphoma 2.20
(95% CI 0.8-6.3, based on 16 discordant pairs);
and for all other types of childhood cancer 3.20
(95% CI 1.2-8.7, based on 21 discordant pairs).
Models were considered in which both
estimated external exposure and potential
exposure to radionuclides were included. For
total childhood cancer and for childhood cancer
other than leukaemia and non-Hodgkin
lymphonia, potential exposure to radionuclides
was a better predictor of risk than estimated
external dose. The findings were less clear for
leukaemia and non-Hodgkin lymphoma,
although the highest relative risk was found for
potential exposure to radionuclides. After
adjustment for potential confounding by social
class, maternal or paternal age, sibship position
of child and history of obstetric radiography, the
relative risks of total childhood cancer
associated with external radiation exposure were
somewhat reduced, whereas that associated with
exposure to radionuclides was somewhat
increased (Sorahan & Roberts, 1993). The
authors observed that the hypothesis generated
by the study of Gardner et al. (1990а,b) would
predict that children of medical radiologists
would have been at considerably increased risk

-

(01E = 1.0, 95% CI 0.5 1.8).

Data on maternal exposure were obtained in
three studies relating to leukaemia: one report
stated that no significant association was found,
but no further details were given (Lowengart et
al., 1987), while in the other two, fewer than
five mothers of cases were exposed (Van
Steeпsel-Moll et al., 1985b; Buckley et ai.,
1989Ь). Ickinney et al. (1991), in the study
described above, reported that eight mothers of
cases of leukaemia and non-Hodgkin lymphoma
and 14 mothers of controls reported preconceptional exposure to "radiation", giving a relative
risk of 1.1 (95% CI 0.4-2.99; prevalence of
exposure in both cases and controls 8%).
Hicks et ai. (1984) found no association
between total childhood cancer and paternal or
maternal employment in the year preceding the
birth of the index child in occupations or
industries potentially involving exposure to
ionizing radiation. There was no association
between potential exposure to ionizing
radiation and leukaemia and lymphoma, or
nervous system tumours. Significant positive
associations were found between bone cancer
(based on four exposed cases) and Wilms'
tumour (based on 12 exposed cases) and
industries involving potential exposure to
moderate amounts of ionizing radiation. The
associations were consistent between the
comparisons with three control groups: brothers
of fathers of the index children; fathers of
neighbouring children who did not have cancer;
and fathers of children without cancer seen in
the same clinic as the cases in the same study
period. However, the associations were not
apparent for industries with potentially higher
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exposure to ionizing radiation (one exposed case
of each type) or when the occupation of the
father only was considered.
In the context of .investigating a possible
association between leukaemia and military
radar exposure (see section on occupational
exposure to electromagnetic fields), Hicks et аI.
(1984) observed increased risks of total
childhood cancer associated with radiation
exposure in aircraft mechanics (four out of six
fathers of cases were in the armed services) and
in military service. The authors suggested that
radiation-exposed military personnel and their
families might have had better access to medical
care than other study subjects, used it more
frequently, and in doing so, may have received
more frequent diagnostic radiation. In addition,
they commented that their positive findings
have to be interpreted in the context of multiple
testing, and the data on potential confounders
were very limited. In addition, no direct
measure of exposure was available.
Nasca et aI. (1988) observed a positive
association between central nervous system
tumours and paternal exposure to ionizing
radiation, as assessed from industrial codes. No
association was apparent when occupational
titles were used to define potential exposure.
Analysis of a matrix of occupational and
industrial codes did not reveal any occupational
cluster. No association with maternal exposure
using either classification was found.
In a multicentre study of 322 cases of rhabdomyosarcoma and matched controls selected
by random-digit dialling, there was an elevated
relative risk (4.5, 95% CI 1.0-20.8) associated
with maternal employment in the year
preceding the child's birth as a "health
technician" (physician, dentist etc.) or "health
diagnosing technician" (Grufferman et al.,
1991a). Six of the nine mothers of cases and one
of the two mothers of controls reported
occupational exposure to X-ray equipment. The
relative risk associated with employment as a
nurse was 1.2 (95% Ci 0.5-2.9). The occupational risk of ionizing radiation may be
consistent with the relative risk of 2.1 (95% CI
1.2-3.7) associated with diagnostic X-ray in
pregnancy.

Conclusions regarding paternal
occupational exposure to ionizing
radiation
Iп summary, paternal preconceptional
occupational exposure to ionizing radiation has
been associated with childhood leukaemia in
subjects born and diagnosed in the area around

the Selhfield nuclear reprocessing plant, but
does not account for the excess observed in
subjects born elsewhere. Moreover, no evidence
in support of the etiological importance of this
exposure has been found in studies in Canada,
France, Germany or Scotland, and such an
association does riot explain the excess around
the other nuclear reprocessing plant in the UK at
Dounreay or the excess in the West Berkshire
and North Hampshire health districts, in which
two atomic weapons establishments are located.
Using linear and exponential relative risk
models based on estimates of total preconceptional external radiation doses, it has been
shown that there is a highly significant
inconsistency between the risks of leukaemia
and non-Hodgkin lymphoma in the children of
the Sellafiеld workforce born in Seascalе and the
risks in the childen born outside Seascale, those
for the offspring 0f thé Ontario and Scottish
workforces, as well as the offspring of the
survivors of the atomic bomb explosions in
Japan (Little, 1993; Little et al., 1994). This
inconsistency was independent of the model
used. It has been suggested that the Sellаfield
excess may be attributed to an interaction
between paternal preconceptional radiation
exposure and a cofactor that is restricted to
5easсale (Health and Safety Executive, 1993).
Little et al. (1994) have shown that if this were
true, the interaction would be highly supramultiplicative. If there were interacting factors
operating during gestation or early life to
increase the probability of predisposition to
leukaemia and non-Hodgkin lymphoma, then
assuming conventional genetic mechanisms, an
implausibly high rate of radiation-induced
mutation would have to be invoked to account
for the excess (Wakeford et al., 1994; COMARE,
1996). Other genetic changes are thought to
occur in germ cells. These are poorly understood
(COMARE, 1996). However, it remains difficult
to account for the uniqueness of the excess of
childhood [eukaemia and non-Hodgkin
lymphoma in Seascale.
In studies other than those specifically relating
to nuclear plants, positive associations which
were not statistically significant were found
when paternal exposure to ionizing radiation
was assessed by a direct question. Although this
might be compatible with recall bias, it is
interesting that the highest odds ratio was
reported when the question was whether a
dosizreetry badge had been worn, and related to
prolonged exposure. Associations between
exposures inferred on the basis of industry or
occupation of employment and specific types of
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Shiono et al., 1980). There was no association in
a parallel analysis of benign neoplasms (105
cases, 210 controls). A supplementary analysis of
these data was reported by COMARE (1996). The
relative risk of leukaemia and non-Hodgkin
lymphoma associated with maternal preconceptional exposure was 2.2 (р = 0.33, one-sided,
based on nine cases).
In a three-centre study of 319 cases with
leukaemia and 884 population-based controls in
the USA, Graham et aL (1966) reported that
maternal preconceptional exposure to
diagnostic radiation was associated with a
relative risk of leukaemia in the offspringof 1.6
(р . = 0.006, two-sided). The relative risk was
unchanged when individuals receiving dental
radiation were omitted. While the effect was
apparent only among second or later
pregnancies, it did not appear to be enhanced by
prior experience of miscarriage or stillbirth. This
suggests that confounding arising from an
association of both leukaemia and pregnancy Xrays with prior adverse reproductive outcome
does not account for the relationship. No clear
dose—response gradient was observed. It was not
possible to determine whether the association
with preconceptional exposure to ionizing
radiation was confounded by intrauterine
exposure. However, the authors commented that
the risks for preconceptional and intrauterine
exposure to radiation together were higher than
those for these exposures considered separately.
In an analysis of a subset of these data relating to
leukaemia in children aged 1-4 years at
diagnosis, there was no association with preconceptional, maternal or intrauterine irradiation in
isolation; elevated risks were apparent only in
conjunction with reproductive wastage апд/ох
viral disease in childhood (Gibson et al., 1968).
In a study of prevalent cases of leukaemia in
Boston, USA, almost twice as many mothers of
cases as mothers of children with other types of
cancer or of patients at an orthopaedic clinic
reported having received therapeutic irradiation
before or during the index pregnancy (Manning
& Carroll, 1957). Most of the mothers had
received therapy for dermatological conditions,
mainly acne.
Shu et aL (1994a) carried out a case—control
study of leukaemia diagnosed at ages up to 14 in
urban Shanghai during the period 1986-91, and
other types of childhood cancer during the
period 1981-91. Interviews were completed with
the parents of 680 (83%) of the 819 eligible cases
identified. Controls were randomly selected
from the general population of urban Shanghai
by a three-stage sampling scheme, first

childhood cancer varied within studies
according to the definition adopted. In a large
study in the UK, а positive association between
childhood cancer of all types and potential
paternal occupational exposure to radionuclides
in the six months before conception was found,
whereas there was no clear association with
estimated external dose of ionizing radiation.
It would be relevant to study the association
between childhood cancer and occupational
exposure of the parents to ionizing radiation in
areas such as the region around
Oberrothenbach, in the former East Germany.
Medical files on about 450 000 workers
employed in uranium mining and processing are
said to amount to "the world's biggest data
collection of low-level radiation and health",
including a significant proportion of women
who received appreciable exposures (Kahn,
1993).

Non-occupational exposure
Maternal preconceptional exposure to
diagnostic or therapeutic ionizing
radiation
Stewart et al. (1958) considered maternal X-ray
histories before marriage and between marriage
and the index conception. There was an excess
of abdominal X-ray exposure in the pre-marriage
period among mothers of cases with childhood
cancer. By contrast, there was a deficit of
exposed mothers of cases during the period
between marriage and the relevant conception.
This was not attributable to control mothers
having had more previous children, and hence
more occasions for obstetric X-ray exposure.
Subsequently, in an analysis of deaths due to
childhood cancer in the period 1953-60, the
relative risk associated with maternal preconceptional abdominal X-rays was 0.97 (Kneale &
Stewart, 1980). In addition, there was no
association with maternal preconceptional X-ray
of either the chest or extremeties, which the
authors postulated would not have affected the
offspring.
Shionо et aL (1980) carried out a case—control
study (40 cases of malignant tumour, 80
controls) nested in the National Collaborative
Perinatal Project in the USA, in which the
liveborn offspring of pregnant women recruited
in 12 hospitals were followed to the age of seven
years. There was a positive association between
malignant tumours aid the mother having
received radiological examinations before the
index pregnancy (RR = 2.6, 95% CI 1.3-5.9;
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randomly selecting a local government
administrative unit, second randomly selecting
two groups (each including 15-20 families), and
finally randomly selecting potentially eligible
children from the roster identified for the
groups. All parents of eligible controls
participated. The mother was asked about the
number of X-ray examinations received at
specific sites, two years, five years and at any
time before the conception of the index child.
Compared with fewer than five X-rays reported
by the mother at any time before the index
conception, the relative risk of acute leukaemia
associated with 5-9 X-rays was 0.7 (95% CI
0.44.3), aid that with 10 or more X-rays was
1.5 (95% CI 0.6-3.4); this analysis was based on
166 pairs. Based on 87 pairs, the corresponding
relative risks for lymphoma were 1.4 (95% CI
0.6-3.2) and 1.4 (95% CI 0.3-5.9). No

associations were apparent for the five-year or
two-year period preceding conception.
No association with preconceptional X-ray
exposure of the mother was found in other
studies of childhood leukaemia (Shu et aL, 1988;
Magnani et al., 1990; Roman et a1., 1993; Shu et
а l., 1994b). With regard to other types of
childhood cancer, no association has been
observed between maternal preconceptional
exposure and brain tumours (Gold et al., 1979;
Shu et al., 1994а), neuroblastoma (Kramer et al.,
1987), Wilms' tumour (Bunin et al., 1987),
hepatoblastoma (Buckley et al., 1989а) or softtissue sarcoma (Magnani et al., 1989).
In Denmark, four cancers developed among
143 children born to 260 women who lived
longer than a year after receiving injections of
Thorotrast, an alpha-particle emitting contrast
medium used for cerebral arteriography,
compared with 2.9 cases of cancer expected
(Andersson et al., 1994). The standardized
mortality/morbidity ratio was 1.4 (95% CI
0.4-3.5). The four cases comprised one case of
breast cancer, one case of cancer of the uterine
cervix, one case of melanoma of the skin and
one case of bilateral retiriob1astoma with no
family history of the disease.

Paternal precunceptional exposure to
diagnostic or therapeutic ionizing
radiation
Paternal preconceptional exposure to ionizing
radiation for diagnostic or therapeutic purposes
has been assessed in a few studies. In data on
deaths due to childhood cancer in Great Britain
during the period 1956--60 (from the study
described above), the relative risk associated
with paternal preconceptional abdominal X-ray

was 1.1 (Kneale & Stewart, 1980). In addition,
there was no association with paternal preconceptional X-ray of the chest or extremeties. I
the study in the north-eastern part of the USA
already described, the relative risk of leukaemia
associated with paternal preconceptional
irradiation was 1.3 after adjustment for year of
birth of the subject, age of the father at the time
of birth of the index case aid pregnancy order
(Graham et al., 1966). No association between
paternal preconceptional exposure to ionizing
radiation and leukaemia was found in a
hospital-based case-control study in Italy
(Magnani et aL, 1990).
A statistically significant trend with father's
reported X-ray dose was found in a study of
childhood leukaemia in Shanghai (Shu et al.,
1988). This finding is limited by the fact that
cases were recruited over a 12-year period,
whereas controls were recruited over a two-year
period and, as acknowledged by the authors, it
was not possible to validate reports of radiation
exposure. Data on paternal exposure were
obtained from the mother. Subsequently, in a
further case-control study of childhood cancer
in urban Shanghai described above, this finding
was not confirmed (Shu et al., 1994а). Iп the
later study, cases and controls were contemporaneous. The mothers and the fathers of 92% of
cases and 96% of controls were interviewed. The
father was asked about the number of X-ray
examinations received at specific sites, two
years, five years and at any time before the
conception of the index child. Analysis
restricting paternal X-ray exposures to the
abdominal or gonadal regions, based on only a
few exposed subjects, showed no increase in any
type of childhood cancer. Among children aged
two years or less at diagnosis, the relative risk of
total cancer associated with one X-ray within
the two-year period preceding conception of the
index child was 1.7 (95% CI 1.0-2.6), and that
associated with two or more X-rays in this
period was 1.8 (95% CI 1.0-3.3). Similar
elevations in risk were apparent for acute
leukaemia, but were not statistically significant.
It was not possible to validate the information
on X-ray examinations, as most were for routine
requirements such as entry to school and jobs,
and records of these are not maintained in
hospitals. The inconsistency between the two
studies in Shanghai may be due to
methodological differences, but it is also
possible that in the former study the main
indication for X-rays was likely to have been
disease-related, whereas it was likely to have
been a routine requirement in the more recent
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study. During the earlier study period, the doses
were probably higher than during the period of
the more recent study.
In Denmark, six cancers developed among 226
offspring of 320 men who lived longer than a
year after receiving injections of Thorotrast,
compared with 4.5 cases of cancer expected
(Andersson et aI., 1994). The standardized
mortality/morbidity ratio was 1.3 (95% CI
0.5-2.9). There was one case each of Hodgkin's
lymphoma, cancer of the lung, testis and
thyroid and two cases of melanoma of the skin.
The mean accumulated dose to the testis before
conception was 941 т5v, substantially higher
than what is usually encountered in
occupational exposures. No case of leukaemia or
non-Hodgkin lymphoma occurred, compared
with 0.42 expected (SMR 0.0, 95% CI 0-8.8).
Little et al. (1996) showed that this risk was
statistically incompatible with that for the
Seascale-born offspring of the Sellafield
workforce, irrespective of whether linear or
exponential forms of a relative risk model were
used, but statistically compatible with the risks
to the offspring of the Seliafield workforce born
elsewhere in West Cumbria, with the risks to the
offspring of the Ontario and Scottish nuclear
installation workforces as well as those in the
offsping of Japanese atomic bombing survivors.
Thus, it appears unlikely that the Seascale
childhood leukaemia cases are attributable to
paternal exposure to alpha-particle emitters
such as plutonium (COMARE, 1996).
In a multicentre study of leukaemia diagnosed
before 18 months of age in the USA and Canada,
a positive association with paternal preconceptional X-ray exposure was found (Shu et al.,
1994b). The risk increased as the period of
exposure considered became closer to
conception. In addition, the risk varied with site
of exposure and histopathological type, the
highest risk being observed for ALL related to
two or more exposures of the lower gastrointestinal tract and lower abdomen (RR = 3.8, 95%
CI 1.5-9.6, adjusted for paternal age, education
and alcohol consumption). Significant trends
were observed for ALL and number of paternal
X-rays of the lower gastrointestinal tract and
lower abdomen (p < 0.01), and upper gastrointestinal tract (p = 0.04). There was also a
suggestion of a trend for X-rays to the chest (p =
0.08). There was no association with exposure of
the head and neck or limbs. No association was
apparent for acute myelogenous leukaemia.
Leukaemia has not been described among the
offspring of fathers treated with radiotherapy in
the available cohort studies (Narod, 1990).
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А non-significant positive association (RR =
1.8, p = 0.42) with preconceptional gonadal Xrays of the father was found in a small study of
sporadic heritable cases of retinoblastoma
(Bunity et al., 1989a). No association between
paternal lower abdominal X-ray before
conception and Wilms' tumour was found in
the one available study (Bunin et al., 1987). Iп a
hospital-based case—control study in Italy, no
association between soft-tissue sarcoma and
paternal preconceptional exposure to ionizing
radiation was found (Magnani et al., 1989).

Maternal diagnostic exposure during
pregnancy
A positive association between intrauterine
diagnostic radiation and subsequent childhood
cancer was first reported from a large
case—control study of childhood cancer deaths
in Great Britain (Stewart et aI., 1956, 1958).
Studies of the associations between childhood
cancer and diagnostic intrauterine exposure to
ionizing radiation are summarized in Table 4.4.
The study of Stewart et al. (1956, 1958), known
as the Oxford Survey of Childhood Cancers, has
been continued, and has contributed about
three quarters of the information available
worldwide on the effects of intrauterine
exposure to diagnostic radiation on the risk of
cancer in the offspring (Doll & Wakeford, 1997).

Cohort studies
In the cohort study of Diamond et al. (1973),
no association between prenatal exposure to
ionizing radiation, as documented from hospital
records, and deaths due to childhood cancer of
all types combined before the age of ten years
was found. There was a positive association with
death due to childhood leukaemia in whites but
not in blacks. The authors considered the
possibility that obstetric factors might account
for the difference, but differences between
exposed and control groups in maternal age,
past obstetric history and characteristics of the
index pregnancy and birth were similar for
blacks and whites. Adjustment for
socioeconomic factors decreased the difference
between whites and blacks but did not fully
account for the difference. The authors
concluded that there was differential
susceptibility to the effects of ionizing radiation
in utero between the groups. The total mortality
rate of the white exposed group was higher than
the white unexposed group, although this
difference was not apparent for blacks. The
death rates due to malignant neoplasms and
cancer, and congenital malformations were

Ionizing radiation

similar as between the unexposed whites and
blacks. This suggests that the difference between
the groups regarding the association between
leukaemia and ionizing radiation is unlikely to
be due to differences in the procedure for
attributing the cause of death.
No association between deaths due to
childhood leukaemia and intrauterine exposure
to ionizing radiation was found in a cohort
study in Great Britain, but the numbers were too
small to be informative (Court-Brown et aI.,
1960). In addition, Doll and Wakeford (1997)
reported that the identification of the irradiated
women in this study may have been inadequate.
Doll and Wakefard (1997) carried out a pooled
analysis of five small cohorts of children born in
various periods between 1943 and 1958. T elvе
deaths due to cancer were observed in exposed
children, compared with 6.7 expected from the
unexposed cohorts. When the data from these
five cohort studies were added to those of
Diamond et al. (1973), the relative risk of cancer
death associated with intrauterine exposure to
diagnostic radiation was 1.2 (95% CI 0.7-2.0;
Doll & Wakeford, 1997).

Case —control studies
In many studies, a relative risk of the order of
1.5 was found for leukaemia and brain tumours
aid for total childhood cancer (Table 4.4). The
lack of specificity of association has led many
investigators to suspect that some kind of bias
may account for the association, particularly in
view of the absence of an association between
childhood cancer and intrauterine exposure
resulting from the atomic bomb explosions in
Hiroshima and Nagasaki, and the lack of support
from animal data for a particularly high
sensitivity of the human fetus to ionizing
radiation (Monson & MacMahon, 1984).
In most of the case—control studies, the
exposure was determined from medical records.
1n the Oxford Survey of Childhood Cancers, the
exposure was assessed by maternal interview.
Knox et al. (1987) compared maternal reports of
abdominal X-rays during pregnancy with
medical records. Of 1179 mothers of cases who
reported abdominal X-rays during pregnancy,
63.9% were positively confirmed in medical
records, while there was similar confirmation for
63.7% of 986 control mothers. There was clear
refutation of the maternal report in 5.1% of
both case and control mothers, mostly because
the mother appeared to have misunderstood the
difference between a chest X-ray and an X-ray of
the abdomen or pelvis. The majority of failures
to confirm were due to missing case notes or

missing X-ray records. In addition, the
prevalence of abdominal X-rays in pregnancy in
the on-going study of childhood cancer in Great
Britain was very similar to that recorded at
corresponding periods in national surveys
(Моде, 1990b). Thus, there is little evidence for
recall bias regarding this particular exposure.
It has been suggested that the underlying
association is not with intrauterine exposure to
ionizing radiation but with the indications for
the procedures (Butch, 1970; Totter &
MacPherson, 1981). In data on childhood cancer
deaths in Great Britain, Stewart and Kneale
(1971) found that the association with
intrauterine exposure to X-rays was apparent
when stratification was made according to the
reason for X-ray. Burch (1971) commented that
the stratification was too crude to be
informative. In the analysis of an expanded
series of data on childhood cancer deaths in
Great Britain, Knox et яI. (1987) showed that the
association with prenatal exposure to ionizing
radiation persisted after adjustment for reported
maternal illness and drug use during pregnancy
and a number of sociodemographic factors. 1n
data on childhood leukaemia deaths in the
north-eastern region of the USA, Jonson and
Maclahon (1984) found no evidence of
confounding by birth order, the sex of the index
child, ethnic group, the type of obstetric care,
the birth weight of the index child, maternal
age, religion, year of birth, previous fetal death,
or abnormality of pregnancy. These authors also
noted that causes of death other than cancer
after three months of age were not associated
with intrauterine exposure to radiation. Thus,
the association was specific for childhood
cancer.

Mole (1974) suggested that the main
indication for prenatal X-ray of twins was
knowledge or suspicion of twin pregnancy.
Therefore, if the positive association between
childhood cancer and intrauterine radiation
were the result of selection of the cancer-prone
for radiography, the excess cancer rate in Xrayed dizygotic twins would be expected to be
much lower than the excess in X-rayed
singletons. Contrary to this prediction, in data
from Great Britain the relative risk of leukaemias
and solid tumours in the first 10 years of life
associated with prenatal X-rays in twins fxônr
pairs of opposite sex was 1.5, similar to the
relative risk observed in singleton births. The
estimated excess death rate from leukaemia and
solid tumours due to radiation was higher for
znonozygotic twins than for dizygotic twins.
Zygosity was determined by the Weinberg
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(1990b) observed that conclusive evidence that
diagnostic X-rays caused cancer would be a
marked decrease in the incidence of childhood
cancer in those born most recently and whose
antenatal care involved ultrasound rather than
X-rays. However, there is no evidence of such a
decrease (see Chapter 2).
Information on a possible dose—iesponse
relationship with number of X-ray examinations
has been presented only in reports from studies
of childhood cancer deaths in Great Britain
(Stewart et al., 1958; Bithell & Stewart, 1975;
Bithell & Stiller, 1988; Gilman et al., 1988),
Louisiana (Ford et a1., 1959) and the north-east
region of the UЅА (MacMahon, 1962; Monson &
MacMahon, 1984). significant trends were
identified in the early reports from the on-going
study in Great Britain in which the measure of
dose was the number of films taken (Stewart et
al., 1958; Bithell & Stewart, 1975), but not in a
more recent report in which account was taken
of the timing of exposure during pregnancy
(Gilman et al., 1988). The investigators
acknowledged that the number of films believed
to have been taken by radiologists is an
extremely crude index of dose and did not
include films discarded by the radiographer
(Stewart et al., 1958). In addition, Mole (1990b)
observed that the dose per film varied. For
example, measurements made in 1958 showed
that the fetal dose performed for pelvcmetry
using a single film was more than twice as high
as for pelvimetry using multiple films. Therefore,
the data on a possible dose—response relationship
are unsatisfactory.
In the study of Ford et al. (1959), the trend in the
relative risks of childhood cancer deaths was
assessed in relation to the number of
roentgenograms; there was a statistically
significant trend (chi-square = 6.54, p < 0.025). In
the study in the north-eastern part of the USA, no
information was available on the radiation
exposure per examination and the number of
films taken was usually not known (Monson &
MacMabon, 1984). Therefore, these investigators
categorized examinations as abdominal X-ray,
pelvimetry or involving multiple films. Most
abdominal examinations involve only one film
and most pelvimetries involve several films. The
multiple film category included intravenous
pyelogram, gallbladder arid gastrointestinal series,
and four or more abdominal films. There was no
suggestion of a dose—response relationship. Most
of the excess X-rays observed among children
with leukaemia were pelvimetries, while the
excess for children with solid tumours was
scattered among the three categories.

method. If monozygotic twinning predisposed
to developing cancer, high rates of cancer would
be expected in those who did not receive X-rays
during pregnancy, whereas the rates in
unexposed monozygotic twigs were lower than
in dizygotic twins or in singletons. This adds
further weight to the argument that the
association is not due to confounding by the
reason for X-ray examination.
The positive association between childhood
cancer of ai types combined and intrauterine Xray in twins was also found in small studies in
the USA and in Sweden (Harvey et aL, 1985;
Rodvall et al., 1990). However, as observed by
MacMahon (1985), the incidence of childhood
cancer in twins in these studies was lower than
that in singletons (see Chapter 10). If the
association between childhood cancer and
intrauterine X-ray were causal, an increased
incidence would be expected in view of the
higher prevalence of exposure. However, the
available studies have lacked statistical power to
detect such an effect (Doll & Wakeford, 1997).
Interpretation is further complicated by changes
in X-ray techniques over time. For example, in
Sweden X-ray techniques changed around 1960,
leading to lower doses. Rodvall et al. found that
the relative risk associated with intrauterine Xray was 1.6 for the years 1936-59, compared
with 1.1 for the years 1960-67.
Changes in the association between childhood
cancer and prenatal X-ray over time in data
from the Oxford Survey of Childhood Cancer
have been considered (Mole, 1990b; Doll &
Wakeford, 1997). A reduction in the fetal
radiation dose from obstetric radiography
starting in 1957 following concern about
hereditary damage was associated with a
corresponding reduction in the relative risk of
mortality due to childhood cancer for births
during the next 8-12 years (Mole, 1990b). Doll
and Wakeford (1997) observed that a statistically
significant decline over time in the relative risk
of childhood cancer associated with radiation
exposure in utero and those born in the period
1940-76 resembled closely the decline in fetal
doses which occurred over the same period. In
the north-east region of the USA, an excess risk
of leukaemia associated with intrauterine X-ray
was observed from 1947-57, but was not
apparent for children born between 1958 and
1960; the association between solid tumours
and the exposure was noted only for births
during the period 1951-54 (Monson &
MacMahon, 1984). The authors noted that this
clustering of the excess of solid turnouts was not
limited to specific indications for X-ray. Mole
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In a number of studies, variation in risk
according to age at diagnosis has been assessed
(Ford et al., 1959; Bross & Natarajan, 1972;
Bithell & 5tewart, 1975; Monson & MacMahon,
1984; Nopton et al., 1985; Knox et al., 1987;
McKinney et aL, 1987; Rodvall et al., 1990).
While some studies suggested an increased risk
among young children (Monson & MacMahon,
1984; lipton et al., 1985; Knox et a1., 1987;
McKinney et al., 1987), analysis of the Oxford
Survey of Childhood Cancer for the period
1953-79 suggests no noteworthy variation in
risk by age (Mole, 1990b).
On the basis of an analysis of data from the
Oxford Survey of Childhood Cancer, Gilman et
al. (1988) concluded that the excess risk due to
obstetric X-rays was due to exposure in the first
trimester. However, Mole (1990Ь) showed that
this excess risk was confined to the offspring of
women analysed for non-obstetric reasons in the
early years of the study, when hospital records
were less complete. Control mothers may have
failed to recall their non-obstetric exposures in
sufficient detail for their records to be identified
(Doll & Wakeford, 1997). Most of the exposure
to obstetric X-rays occurred in the third
trimester (Gilman et aL, 1988).
Bross and Natarajan (1972) suggested that the
association between intrauterine exposure to
ionizing radiation and childhood cancer was
particularly strong among children with a
history of certain allergic or infectious diseases,
but this interpretation was criticized because the
method of selection of some of the indicators of
such a history were not specified (MacMahon,
1972). These findings have not been replicated,
and it is noteworthy that significant inverse
associations between non-T-cell ALL and measles
or measles vaccination and a history of asthma
or atopic dermatitis were found in a small study
in Japan (Nishi & Miyake, 1989). Hirayama
(1979) reported a very high relative risk of
leukaemia associated with prenatal radiation
exposure and a family history of leukaemia; it is
stated that similar results were obtained by
comparing with controls with other types of
cancer and with non-neoplastic controls.

was correlated with the child's use of the local
beaches (Viet, 1997). The possibility that
selection bias, recall bias and multiple testing
may account for the results has been debated
(C1avel & Hémon, 1997; Law & Roman, 1997;
Viet, 1997; Wakeford, 1997).

Diagnostic and therapeutic exposure
during the lifetime of the index child
Studies of the associations between childhood
cancer and postnatal exposure to diagnostic and
therapeutic ionizing radiation are summarized in
Table 4.5. The effects of postnatal exposure of this
type have been less studied than the effects of
intrauterine exposure. There have been a number
of cohort studies of the effects of therapeutic
exposure to ionizing radiation in chidhood and
subsequent cancer occurrence. These studies are
not discussed in detail in this review as in most,
the risks of cancer in childhood have not been
presented separately. 1n some studies, exposure to
X-rays was classified according to the reason for
which it was performed (diagnostic or
therapeutic), and in some by the part of the body
that was X-rayed.

Other maternal exposure to ionizing
radiation during the index pregnancy

Leukaernia
In most studies of leukaemia, there was no
association with all types of postnatal exposure
combined (Table 4.5). Increased risks of
leukaemia associated with postnatal irradiation
for therapeutic and other reasons also were
reported from early studies in the USA (Murray et
аi., 1959; Polhemus & Koch, 1959). Polhemus
and Koch (1959) observed that more than twice
as many cases (39%; 98 of 251) as matched
controls (19%; 47 of 251) were reported to have
had "Х-rау shoe-fitting". However, as most
controls were surgical patients admitted for repair
of hernia or appendectomy, they were unlikely to
have been representative of the source population
which gave rise to cases. The study of Murray et
al. is difficult to interpret as the estimated relative
risk differed substantially in the comparison with
the two sets of controls. In Great Britain, there
was a non-significant excess of leukaemia deaths
associated with a history of therapeutic exposure
(Stewart et ai., 1958). No consistent association
between leukaemia and postnatal exposure to
diagnostic X-rays is apparent (Table 4.5).

1п the study of leukaemia diagnosed before the
age of 25 years in the area around the La Hague
nuclear facility in Normandy, France, described
above, an increased risk was apparent for use of
local beaches during pregnancy at least once a
month compared with less often (RR = 4.5, 95%
CI 1.5-15.2; Pobel & Vie1, 1997). This exposure

Brain tumours
In an analysis which was restricted to
case—control pairs in which the cases were aged
15 years or more at the time of diagnosis, PrestonMartin et al. (1982) found a relative risk of brain
tumours of 2.5 associated with a history of having
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Epidemiology of Childhood Cancer

had at least five full-mouth dental X-rays starting
at least ten years before the diagnosis. Cases and
controls were similar in the histories of exposure
to therapeutic and other types of diagnostic Xrays. Howe et al. (1989) reported independent
positive dose—response associations with chest
and skull X-rays taken at least five years before
the diagnosis. When both exposures were
simultaneously included in the regression model
as dichotomous variables, the relative risk
associated with exposure to chest X-rays was
reduced and no longer significant. The relative
risk for injuries to the head or neck requiring
medical attention was 3.2 (95% CI 1.4-7.1). The
reported history of such injuries was not highly
correlated with a history of skull X-rays (r = 0.2)
and the magnitude and significance of these
effects were essentially unchanged when both
factors were included simultaneously in the
regression model. The authors considered that
the association with exposure to skull X-rays
might be related to symptoms of the eventual
development of brain tumours. In the one
available study of childhood astrocytoma, no
association was found with dental X-rays at least
one year before diagnosis and there was no
association with X-ray of the head or neck more
than a year before diagnosis (Kuijten et al., 1990).
No significant association between brain
tumours and postnatal exposure to X-rays was
found in other studies (McCredie et al., 1994b;
Shu et al., 1994а).

cases of thyroid cancer were diagnosed in 10 834
subjects who received radiotherapy to the scalp
for ringworm (Ron et aL, 1989). There were 57
cases among 10 834 matched unexposed subjects
and 5392 unexposed sibs. The doses were
substantially lower than in the series in New York.
The relative risk of malignant thyroid tumours
associated with a thyroid dose of 0.09 Gy was 4.0
(95% CI 2.3-7.9). Those exposed under the age of
five years had a significantly higher relative risk
than those exposed later in childhood. The
absolute excess risk associated with radiotherapy
to the scalp was 13 per 10.000 person years per
Gy.

Other types of childhood cancer
No association between postnatal exposure to
radiation and neuroblastoma, Ewing's sarcoma or
soft-tissue sarcoma has been found (Table 4.5).

All types of childhood cancer combined
In a study in Great Britain, no association was
found between childhood cancer death and
postnatal diagnostic exposure, but there was a
non-significant excess of cases with a history of
therapeutic exposure (Stewart et al., 1958). The 11
children (8 cases and 3 controls) who had
received radiotherapy were all girls treated for
naevi. Two of the three cases had already been Xrayed in utero. Stewart et al. (1958) noted that
similar rays were emitted by shoe-shop X-ray
machines (pediscope machines) as by diagnostic
X-ray sets. Therefore, if medical X-ray examinations had an effect, it would be expected that
this also would be seen from pediscope records.
No such excess was observed (RR = 0.9, 95% CI
0.7-1.1). Hartley et al. (1988а) found that a
positive association with diagnostic X-rays carried
out in the neonatal period apparent on the basis
of interview data was not apparent when data
from medical records were considered. A positive
association with postnatal X-ray exposure of any
type reported by the parents was found in a study
in Shanghai (Shu et al., 1994a). The relative risk
associated with exposure to three or more X-ray
examinations was 1.8 (95% CI 1.2-2.9). Details of
X-ray exposure could not be validated from
medical records.
McLaughlin et al. (1993с) investigated mortality
and incidence due to cancer of any type i
patients exposed to radiation from diagnostic
cardiac catheterization in Toronto, Canada,
between 1950 and 1965. As the procedure relies
on both fluoroscopy and angiography, the
radiation dose received during cardiac catheterization is greater than that of other procedures
used in diagnostic radiology. Linkage was made

Osteosarcoma
Of 220 children given radium-224
intravenously as therapy for tuberculosis, 36
developed bone neoplasms, most frequently
osteosarcoma (Spiess & Mays, 1970, 1971, 1973).
Only two children showed a correlation between
sites affected by both diseases (Miller, 1981). No
association between postnatal exposure to
diagnostic ionizing radiation and osteosarcoma
was found in a study of 84 cases and 124 friend
and neighbour controls (Operskalski et al., 1987).
The statistical power of this study was low.
Thyroid cancer

Patients who were treated as children for
enlarged thymic glands in Rochester, New York,
between 1926 and 1957 had a substantially
elevated risk of thyroid cancer later in childhood,
compared with unirradiated sibs (Shore et al.,
1993; see Table 4.5). The median thyroid dose was
0.3 Gy, and the median age of treatment was five
weeks. In the 5-14-year age group, the absolute
excess risk associated with thymus irradiation was
21 per 10 000 person years per Gy. In Israel, 98
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between records of the procedure in a major
children's hospital and death certificates and the
Ontario cancer registry. А total of seven deaths
due to cancer were observed, compared with 5.7
expected on the basis of rates in Ontario (О/Е =
1.2, 90% CI 0.6-2.3). There were 13 cases of
cancer registered, compared with 17.3 expected
(О/Е = 0.8, 90% CI 0.4-1.2). Similar results were
obtained when follow-up to the age of 14 years
only was considered (Table 4.5). The radiation
dose could not be estimated directly, because the
relevant information was not recorded at the time
of catheterization. А slight increase in risk was
apparent with increasing number of procedures
in the analysis relating to mortality, but this is
based on seven cancer deaths only. It was not
possible to assess the effect of associated medical
conditions, for example, Down's syndrome,
which is associated both with leukaemia and with
cardiac defects.

Other postnatal exposure to ionizing
radiation of the index child
In the study of leukaemia and non-Hodgkin
lymphoma in West Cumbria (UK) described
above, there was no association with the child
having played on the beach, played on the hills,
with fish-eating habits, or with the family having
grown their ownvegetables or used seaweed as a
fertilizer (Gardner et al., 1990b). In the study of
leukaemia and non-Hodgkin lymphoma in
Caithness (Scotland) already described, all five
cases resident within 25 km of the Dounreay
plant had played on the beach before diagnosis;
none of the controls individually matched with
those cases had done so (p = 0.04; Urquhart et al.,
1991). The authors considered that this finding
might be an artefact of multiple testing aid
influenced by recall bias. Subsequently, no
unusual levels of radioactivity were found in
measurements in children who had been
diagnosed with leukaemia or in unaffected
children in the Dounreay area (Watson & Sumner,
1996).

In the study of leukaemia in the area around the
La Hague nuclear facility in Normandy (France),
described above, the relative risk associated with
use of local beaches at least once a month was 2.9
(95% CI 1.1-8.7; Pobe1 & Viel, 1997). This
exposure was highly correlated with maternal use

of the beaches during pregnancy (Viet, 1997). The
relative risk associated with consumption of local
fish and shellfish at least once a week was 2.7
(95% CI 0.9-95). Both of these associations
exhibited statistically significant dose—response
relationships. There was no association with
reported consumption of local raw milk,
consumption of local vegetables or fruit, or use of
seaweed as fertilizer. All four children with
leukaemia who lived in the electoral ward in
which the reprocessing plant is located and in
which an excess of leukaemia was observed in the
study of Viet et al. (1995) were reported to have
played on the beach at least once a month,.
compared with 13 of 23 similarly affected
children who lived elsewhere, and 14 of the 33
controls resident in the same electoral ward (Viet,
1997). The possibility that selection bias, recall
bias and multiple testing may account for the
results has been debated (C1ave1 & Нёmоп 1997;
Law & Roman, 1997; Viet, 1997; Wakeford, 1997).

Conclusions regarding nonoccupational exposure to ionizing
radiation
In early studies, intrauterine exposure to
diagnostic radiation was associated with a modest
increased risk of leukaemia and other types of
childhood cancer. This association was consistent
between studies carried out in different countries,
and was not attenuated by adjusting for potential
confounding factors. The relative risk has
declined over time, which is compatible with a
reduction in dose to the fetus. The precise
dose--response relationship remains uncertain,
but it seems unlikely that the association can be
accounted for by non-causal factors. А strong
positive association between postnatal exposure
of the child to ionizing radiation and thyroid
cancer has been observed. No clear association is
apparent between postnatal exposure and other
types of childhood cancer. The effects of preconceptional exposure of the parents to diagnostic
and therapeutic ionizing radiation have been less
investigated. No consistent association between
maternal or paternal preconceptional exposure is
apparent in the available studies. However, an
association between paternal preconceptional
exposures of this type and leukaemia in young
children cannot be excluded.
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Chapter 5

Electromagnetic fields
In 1979, Wertheimer and Leeper reported a
positive association between residential
proximity to sources of high current flow, as
assessed from wiring configurations, and
childhood cancer. Although subsequently
criticized (US Congress Office of Technology
Assessment, 1989), the report stimulated
subsequent studies in a research area that did not
previously exist (Poole & Trichopoulos, 1991).
Assessment of the health effects of residential
exposures to electromagnetic fields is a
particularly difficult issue, as some hypotheses
suggest that the biological effect may not be a
simple dose—response relationship and methods
of assessing exposure have not yet been fully
developed. Moreover, the scientific studies have
been carried out in an atmosphere of
considerable political and social pressure
(Brodeur, 1989a,b,c).
In this chapter, general methodological
considerations are discussed first. Each of the
studies of residential exposure is then described.
An attempt is made to synthesize the results
regarding residential exposure for leukaemia,
lymphomas and brain tumours. Finally, studies
of occupational exposure аré considered. This
differs from residential exposure as (1) primarily
paternal exposure is considered, and (2) the
frequency of many of the electromagnetic fields
encountered at work differs from the power
frequency fields encountered at home.
Electromagnetic fields comprise time-varying
fields with frequencies of up to 300 GHz (NRPB,
1992). These fields he within the part of the electromagnetic spectrum bounded by static fields
and infrared radiation. Even at the highest
frequency of 300 GHz, there is insufficient
quantum energy to cause ionization in matter,
and therefore this part of the spectrum, together
with optical frequencies, is referred to as nonionizing. There are two types of electromagnetic
field: (1) those that travel long distances from
their source, and (2) those that are confined to
the immediate vicinity of their source (U5
Congress Office of Technology Assessment,
1989). Fields of the latter type, such as those
associated with power distribution, where one

wavelength is several thousand kilometres,
decrease in intensity much more rapidly with
distance from the source than fields of shorter
wavelength such as radio waves (1-100 metres).
When confined fields are considered, exposure
to electric and magnetic fields has to be assessed
separately (NRPB, 1992). The human body can be
shielded relatively easily from external electric
fields, but not easily from magnetic fields. For
example, houses attenuate electric fields from
nearby power lines by about 90% (U5 Congress
Office of Technology Assessment, 1989).
Magnetic fields are shielded only by structures
containing large amounts of ferrous or other
special metals. Electric fields are also attenuated
substantially within the body. The resultant
internal electric fields are usually negligible
compared with background electric fields in the
body generated by thermal fluctuations (ORAU,
1992). By contrast, eternal magnetic fields
penetrate the body without attenuation.

Residential exposure
A summary of the methods in the available
studies of the association between childhood
cancer and residential exposure to electromagnetic fields is presented in Table 5.1. Most of
these studies relate to power frequency fields
(50-60 Hz). Direct measurements in or around
the home of magnetic and/or electric fields have
been made in only a few studies (Tomenius,
1986; 5avitz et al., 1988; London et al., 1991;
Feychting & Ahlbom, 1992; Preston-Martin et al.,
1996а). The direct measurements were obtained
for a limited proportion of eligible subjects. In
one of these studies, only a single spot
measurement was taken (Tomenius, 1986). In the
other studies, spot measurements were taken
from several locations in or around the home. In
two studies, measurements inside the home were
taken under low-power conditions, with lights
and selected appliances turned off, and under
high-power conditions (Savitz et al., 1988;
London et al., 1991). The purpose of taking
measurements under low-power conditions was
to attempt to isolate the contribution of external
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power lines (Savitz et al., 1988), while
measurements under high-power conditions
indicate the combined exposure from outside
power lines and wiring in the home. Twentyfour-hour measurements of magnetic and
electric fields were taken in the index child's
bedroom in the study of London et aL (1991) and
for a subset of subjects, in both the index child's
room and in a second room where the child
spent the most time (Preston-Martin et aL,
1996x). In the study of Savitz et a1. (1988), the
correlation between averages of spot magnetic
flux density measurements made at the centres
of multiple rooms of 56 homes in 1985 and 1990
was 0.7. This correlation was similar for homes
with high and low current configurations and for
measurements made under conditions of highand low-power use. In the study of London et aI.
(1991), the reproducibility of spot measurements
was assessed by taking repeat measures over 5-10
minutes in 55 residences. The ratio of the
between- to within-residence coefficients of
variation was 2.6. Under conditions of lowpower, the correlation between spot
measurements in the child's bedroom and mean
24-hour magnetic field measurement was 0.63,
and under conditions of normal power 0.67.
There was no correlation between spot
measurements of electric fields and either 24hour magnetic field measurements or spot
magnetic field measurements.
In four studies, potential magnetic field
exposure from power lines and other electricity
distribution equipment was estimated using data
on load carried by power lines, the configuration
of the line, and distance of the home from the
installation (Myers et al., 1990; Feychting &
Ahlbom, 1992; Olsen et al., 1993b; Verkasalo et
al., 1993). The details of the methods of
estimation differed between the studies. In the
study of Feychting and Ahlbom (1992), the
exposure assessments were verified in a number
of ways. First, the algorithm used to calculate
historical magnetic fields was also used to
calculate contemporary fields, and these data
were compared with spot measurements. Spot
measurements were made according to the
procedures used by Savitz et аI. (1988). There was
good agreement between calculated and
measured fields (weighted kappa 0.71, 95% CI
0.66-0.77). Most of the differences were due to
the spot-measured fields being higher than the
calculated ones. Second, the measured fields
were compared with the historical calculated
fields in order to determine the effect of using
measured fields assessed under contemporary
conditions as estimates of historical fields. Not

surprisingly, the agreement between these
measures was less good (weighted kappa 0.52,
95% C1 0.47-0.57). Again, the vast majority of
differences were due to the spot-measured fields
being higher than those calculated. The authors
note that the agreement between measured and
calculated fields was better for one family houses
than for apartment houses, the latter being
particularly poor as regards the agreement
between spot measurements and calculated
historical fields. It was concluded that measured
contemporary fields would not be accurate as
predictors of past fields.
In a number of studies in the USA, proximity of
homes to certain types of electrical transmission
and distribution wiring configurations has been
considered (Wertheimer & Leeper, 1979; Fulton
et al., 1980; Savitz et al., 1988; London et al.,
1991; Gurney et al., 1996b; Preston-Martin et al.,
1996a). The basic approach developed by
Wertheimer and Leeper (1979) in the Greater
Denver (Colorado) area was applied in the other
studies. Wertheimer and Leeper (1979) visited
the address of each case of childhood cancer at
the time of birth and death, and the address of
control infants at the time of death of the
matched case. A map of the electrical wires and
transformers in the vicinity was drawn. The
authors observed that as the Denver area had
been growing fast, many new primary wires had
been installed to accommodate increased power
demands. Many of these new primaries could be
easily distinguished from older wires. However,
where the more modern wiring was observed, it
could not be determined whether this
represented a new installation or replacement
wiring. Therefore, data on all primary wires seen
near homes occupied before 1956 was considered
as unreliable, and these homes were coded
strictly according to their more stable secondary
wire configuration. Homes were defined to have
high current configurations if (1) they were less
than 40 metres from 13 kV (primary) wires built
to take high current (large gauge) or less than this
distance from an array of six or more 'thin'
primaries; (2) less than 20 metres from an array
of 3-5 thin primaries or from high tension
(50-230 kV) wires; and (3) less than 15 metres
from secondary (240 V) wires which issued
directly from the transformer and had not yet
lost any current through a service drop occurring
beyond the transformer pole (first-span
secondaries). All other configurations were
considered to be 'low current configurations'.
Subsequently, in a study of adult cancers,
Wertheimer and Leeper (7982) expanded their
wiring classification method to include four
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categories: 'very high-current configurations',
'ordinary high-current configurations', `ordinary
low-current configurations', and `end-pole
configurations'. This method was employed in
modified form by Savitz et al. (1988) in Denver,
by London et al. (1991) in Southern California,
by Gurney et al. (1996b) in 5eattle, and by
Preston-Martin et al. (1996а) in Los Angeles.
There has been considегаые discussion as to
whether wiring configuration is an appropriate
marker of exposure. Wertheimer and Leeper
(1982) justified the use of wiring configuration
not only on the grounds that participation rates
are likely to be higher than if assessment
methods require access to the home, but also
because they considered that spot measurements
give a poor index of the typical field to be
expected from a given residential situation, due
to large hourly, seasonal aid long-terra
variations in current use. In addition, they
postulated that relatively continuous exposures
to magnetic fields are of greater etiological
importance than relatively brief but strong
exposures. Nevertheless, they observed that
ranking of spot measures of magnetic fields
corroborated ranking based on wiring
configurations. This was also shown in the
studies of Savitz et al. (1988) and London et al.
(1991). In a subset of 81 homes of subjects who
participated in the study of Savitz et al. (1988) in
Denver, Colorado, wire codes assigned to homes
in 1985 and again in 1990 by two independent
groups were in agreement for 90% of the 73
homes (Divan et яL, 1993).
Kaune et al. (1987), in a field study of 43
residences in western Washington State, found a
statistically significant correlation (coefficient
0.41) between average 24-hour residential
magnetic flux density and the Wertheimer and
Leeper (1982) wiring code. No correlation was
observed between wiring configuration and
electric field measurements. Savitz et al. (1988)
commented that it is not unusual for historical
data to be estimated more accurately by
surrogate measures of past exposure than by
accurate indices of current exposure. For
example, cumulative exposure to tobacco smoke
is more accurately estimated by taking a smoking
history than by determining current urinary
cotinine level. Another example is that a food
frequency questionnaire provides a better index
of long-term dietary intake than a 24-hour
dietary recall (Savitz et al., 1989). Preston-Martin
et al. (1996a) noted that the Wertheimer—Leeper
classification discriminated homes with high
direct measurements of magnetic and electric
fields better in Denver than in Los Angeles. Iп

Los Angeles, homes with high-current
configurations had interior magnetic fields about
half those of homes with similar configurations
in Denver.
The most simple measurement of electromagnetic field exposure is distance from a power line
or other installation. This was assessed in
addition to other measures in the studies of
Tomenius (1986) and Feychting and Ahlbom
(1992). It was the sole measure used in the
studies of Coleman et al. (1989), Lin and Lu
(1989), Myers et al. (1990), Lowenthal et al.
(1991), Fajardo-Gutiérrez et al. (1993b) and
Petridou et aI. (1993).
Certain electrical appliances, particularly
electric over-blankets aid water-bed heaters, may
be sources of prolonged power frequency
magnetic field exposures (NRPB, 1992). Other
appliances used intermittently for short periods
of time such as hair dryers and electric razors
emit strong magnetic fields. Electric and
magnetic fields at higher frequencies are emitted
by a variety of appliances or installations such as
stereo headphones (about 1 kHz), television sets
(about 20 kHz), frequency-modulated (FM) radio
and television transmitters (about 100 MHz), and
microwave ovens (about 2 GHz). Many 0f these
higher-frequency sources induce more intense
currents in the body than those induced by a
power-frequency electric field of З kV1m (US
Congress Office of Technology Assessment,
1989). Appliance use by the mother during the
pregnancy leading to the birth of the index
child, and by the index child during his/her
lifetime, has been considered in four studies
(5avitz et al., 1990; London et al., 1991; Gurney,
et al., 1996b; Preston-Martin et al., 1996а).
In addition to the debate about methods of
exposure assessment, a criticism made of a
number of studies concerns control selection
(Poole & Trichopoulos, 1991; NRPB, 1992; Jones
et a1., 1993; Gurney et al., 1995). If individuals of
low socioeconomic status are less likely to
participate as controls than individuals 0f high
socioeconomic status, and also are more likely to
live near power lines and other electricity
distribution equipment, the proportion of
controls exposed to higher-intensity electromagnetic fields will be lower than the proportion of
the source population at risk of developing
childhood cancer. If there were no participation
bias among cases, the relative risk of childhood
cancer associated with higher intensity electromagnetic fields would be overestimated. In a
study of the households of 392 women in
western Washington state, selected randomly
after stratifying on reported income from among
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2643 women recruited as controls in four
case—control studies by random-digit dialling,
there was an inverse association between family
income and residence in homes with very high
current configurations as defined by the
Wertheimer—Leeper method (Gurney et al.,
1995). Applying this finding to a hypothetical
case—control study in which it was assumed that
there was no causal association between wiring
configuration and cancer occurrence, the
estimated range of biased odds ratios due to
differential control participation rates as a
function of family income was 1.03-1.24. The
upper limit was calculated assuming that all
eligible controls in the lowest income group did
not participate. One limitation of this study was
use of a population of participating controls to
evaluate the possible impact of nonparticipation.
In some of the studies, the main analysis
related to all types of childhood cancer
(Wertheimer & Leeper, 1979; Tomeeius, 1986;
5аvitz et al., 1988, 1990; Lin & Lu, 1989; Myers et
al., 1990; Feychting & Ahlbom 1992; Verkasalo et
al., 1993). The statistical power to investigate the
association with specific types of childhood
cancer was limited in some. In the study of Myers
et al. (1990), the only categorization made was
between non-solid and solid tumours.

was used. The most striking difference was
observed for subjects who had only one address
from birth to death or reference date. This might
be explained by the dilution of the effects of
configurations at one address by the effects of
configurations at other addresses for subjects
who moved. The results were not explained by
potential confounding by urban/suburban
differences, socioeconomic class, primiparity and
maternal age, or proximity to roads with heavy
traffic. The relative risks were similar for cancer
with onset before six years of age and for cancer
with an older age of onset.

Second Denver study (5аvitz et al., 1988, 1990)
In a study covering the same geographical area
as the study by Wertheimer and Leeper (1979),
wiring configurations, direct measurements of
electric and magnetic fields, and use of electrical
appliances by the mother during pregnancy and
by the index child were assessed (Savitz et al.
1988, 1990). There was no overlap with the case
group included in the earlier study. Cases of
childhood cancer diagnosed up to the age of 14
years between 1976 and 1983 were ascertained
through the Colorado Cancer Registry and two
hospitals in the area providing diagnosis and
treatment for childhood malignancy. Controls
were selected by random-digit dialling and
matched to cases by age, sex and telephone
exchange area. Since cases had been diagnosed
up to nine years before the time of selection,
controls were restricted to those who had lived in
their residence at the time the case was
diagnosed. As a result, relative to the source
population, the control group would not have
reflected migration out of the study area during
the period between case diagnosis (1976-83) and
control selection (1984-85). This would have
introduced a bias if the tendency to move were
related to magnetic field exposure level and to
case control status.
Wiring configurations were obtained for 90%
of case residences at the time of diagnosis, and
93% of control residences at the reference date,
that is, the date of diagnosis of the corresponding
case. Relative to the homes with buried wires, the
relative risk associated with homes with very
high-current configuration was 2.2 (95% CI
0.9-5.2). There was no clear dose--response
association with a five-level wire code at the time
of diagnosis. The relative risk for homes for
which no wiring configuration could be coded
was 1.8 (95% CI 0.9-3.5). To consider a possible
latency effect, the authors also examined the
association for homes occupied two years before
the diagnosis. Wiring configurations for homes

Description of studies which considered
all types of childhood cancer
The results of these studies which relate to
leukaemia, lymphoma and brain tumours are
presented in Tables 5.2, 5.3 and 5.4, respectively.
First Denver study (Wertheimer & Leeper, 1979)
The first case—control study of childhood
cancer and electromagnetic fields was carried out
in the Denver area (Wertheimer & Leeper, 1979).
Cases comprised persons dying of cancer before
the age of 19 years during the period 1950-73.
Controls were selected from birth certificates.
Wiring configurations were determined for birth
addresses and for addresses in which cases were
resident at the time of death and controls were
resident at the time that the matched case died
(the reference date), during the years 1976 and
1977. Birth addresses were those listed on the
birth certificates. Addresses at the time of death
of the case were determined either from city
directories or from death certificates.
For total childhood cancer, the relative risk
associated with residence in homes with highcurrent configurations versus those with lowcurrent configurations was in excess of 2,
irrespective of whether the birth or death address

155

Epidemiology of Childhood Cancer

ar
Ç

G.
!
L

DQ

1-

Г'

T

—`-,

r

LL

-D
C~

Û

L

ç
G

L

Э

-

_

.L
D

J

г-

L
_

U

v

мv

7

н

C

4

ь,

г.

ц

v~

н
м
U

t

=
D

:

?'
-

м
J

г
G

=
m

-

—•

W

_

?c
G

c~

.~

;v

ч:

—

-

—

-

J

_

_

T

O.

ц,

~..a

— r

.y

_

4

.,

.

1

G

м

г1

✓;

-

r{

-

-

T7

гд

Гl

i+

e

ч

с

5

м

F-'

-

~J

:

F-'
_

Г.

'

F-

b

Г
1

F'

F'

2

-

'-'

~

.^
Г

-

Е-

F-'

Ly

0

±

✓

F^

•п

D-

7-

V
Ÿ

%

п

k
v

_

уΡ

f

J

ГJ

~T1

'i

Г1

Ч
]

-1

:
-

J

m

:

fir

:

~w
V

ц
ti

y

ED

ti

Г~t

~L J

-

Г

lJ

:

-

V

'~
-"

"j

_

156

1

r1
c
0'
_
y

Е1есtrота пеtiс f еIds

^'

1

и и

.I

_
GV

a
,

L

ç

h
г

v

,

ï

J

C 4I

1

J

y

— -

i
!

C
~

;

1.

—+

п
~

г
`tic

=

т~

5

n

_

i

Ç

l

p

L
L

Ч g
~ ~ н

ÿ

~

n Fd
_1~

X
Ÿ

Ç 3
~
7

]V L

.

Ч

I

_

C Д '

y a

?'

^Э

TJ

г

:

-

=

T'-

Г

5

~

V 5

x

.

Z, `.td.
e

-

~

~

~

Г

Y

q

"
д

C

u

â
g ~
Y„

,4 .7

г!

г

-_
'iJ

s

Ç

2

1

1

н

r

^
i

V

"
~1 FC

157

Г
l

'Z

Z

л
ri

w

Eрidеmiаlоgy of Childhood Cancer

C{
J .-

â
r
ÿ

J

b

ь

i

~

~

S

o

c
J

~

CЧ

Y. ÿ

L

~

s

U

C

ы

L

-

у

P

v

ÿ

L

i

-

Vii.

-

°-

й

-

zI
y

c

Ÿ.

и C

т

z

i

-

~~
^
~
1

ÿ
¢

L

V
N

J

J

ti -~

C

E L1'gL~

L

_, -

Э

F
È

-Л Z d -

-- C

н

V ) C

-.~

Л

158

Electromagnetic ftеlds

~

2 ~
0

н.

v

ы

-

-G-

F
G

v

.

м

гг
ЭЭЭ

Ô

,J:

k"
y

`ь

~]

a

.L

-.:

`{~

u

G

G

n

л

p

ri

C

F.

G.

_

h-

-

ô
•-

J

r

_q.

п

r.

г

~

^-~

ri,

1

c C

.!

Ј !Ё
159

!

u_

гL .tr

~в
Epidemiology of Childhood Cancer

CJ

i

Г

C

~

и

~o

û

r

зo

а

.ÿ -

. .'C

7

а

fЬ

C
~

^~ н

=
4

L'

ь

4

_

L' y

~~

в

~^

~

r

- c

u

ü~ J k

v

Э

7

г

r

L

ti

~

Г1

ÿ

Г1

Г1

C

гT...

L..

Г1

c

q

_

~.

Г1

f

b

-

I

~~ :

â= c
.~
âme. .

Г

r

^•T

Г

t

г1

G

û

_

-

:

CL
-

1
i

~
Gn

~
Ç

j
~1

.̀•.

-

н.

`~

г1

п~

д

u

1

г1

J

_E

.-

1-j

a
ri
2

O
л

G' г
1Ÿ.
л

вг

eл ~'
Ft

л

-

ô
я
q

L ~

1

L п

~

г

'
~п
•

i

f

D

~

b

с

с

Ÿ
I

]

[
~
•J

п

v̀
•-

t

160

1

G

~
x

Q

1v

L

I

__
-

.~
-

C

Electromagnetic 1еlдs

occupied two years before diagnosis were only
available for 38% of cases and 53% of controls.
Again, no clear dose—response gradient was
found, but the relative risk for very high-current
configuration homes relative to homes with
burled wires was 5.2 (95% CI 1.2-23.1, based on
eight exposed cases and two exposed controls).
The relative risk for homes for which this could
not be determined was 2.2 (95% CI 1.3-3.7).
Potential confounding could only be assessed
using the data on subjects for whom parental
interviews were completed (71% of cases and
80% of controls). The variables assessed included
the child's sex, age, and year of diagnosis;
markers of residential stability; maternal and
paternal age, ethnic group and education; per
capita income of the family; family history of
cancer; exposure in utero to tobacco smoke,
alcohol, X-rays, influenza and medications; and
congenital anomalies, birth order, birth weight,
medications, illnesses and X-rays. While positive
associations were identified with young maternal
age, low educational attainment of father, low
per capita income, maternal smoking during
pregnancy, and traffic density, these did not
confound the relationship with wiring codes.
Electric and magnetic field measurements were
sought at the time of interviews at those
residences which had been occupied before the
date of diagnosis. Measurements were taken near
the front door, in the child's bedroom, in the
parents' bedroom and, in addition, in any room
reported in the interview to have been occupied
by the child on average at least one hour per day.
in an attempt to evaluate the persistent fields
produced from outside power lines, magnetic
field measurements were taken under low-power
conditions. As a measure of the combined
exposure from outside power lines and wiring in
the home, measurements of both electric and
magnetic fields were also taken under highpower conditions (with all lights and selected
appliances turned on). Several approaches to
summarizing the home value were considered
but as the correlations between measures were all
above 0.95, the simple arithmetic mean was
selected for detailed analysis. These measurements were obtained for 36% of cases and 75% of
controls.
In a four-level categorization of exposure, a
weak relationship was found between childhood
cancer and magnetic fields assessed under
conditions of low-power use, with relative risks
of 1.3, 1.3 and 1.5 respectively. No association
was apparent with magnetic or electric fields
assessed under conditions of high-power use.
5avitz (1988) presented data stratified on father's

education and on family income. The reported
effect of an increase in risk of total childhood
cancer and of leukaemia was largely confined to
the low-income/low-education group. In
addition, the relative risk of leukaemia among
the offspring of fathers who were college
graduates compared with fathers who were less
educated was 0.9, while that associated with a
family income of $ 7000 per annum or more
compared with lower incomes was 0.5. These
observations suggest a deficit of leukaemia
associated with high socioeconomic status,
contrasting with other reports (see Chapter 2). In
conjunction with the positive associations
between total childhood cancer and maternal
smoking and traffic density, and associations
between total childhood cancer and father's
education and family income similar to those
described for leukaemia, it seems likely that there
was a deficit of controls of low socioeconomic
status (NRPB, 1992). Jones et al. (1993) found
that in Columbus, Ohio, the proportion of
homes with a high-current configuration was
substantially higher if the family had been
resident for less than 55 months than if it had
been resident for longer periods. The duration of
55 months was chosen to coincide with the
average period of residential stability in controls
in the study of Savitz et ai. (1988). Therefore, the
association with high current configurations in
the study of 5avitz et aI. may be an artefact of
selection bias.
Later, information on plumbing conductivity
was obtained from water suppliers for the homes
of 347 cases and 277 controls, as substantial
ground currents are most often found in homes
having conductive plumbing (Wertheimer et al.,
1995). The relative risk of all types of childhood
cancer combined associated with living in a
home with conductive plumbing was 1.7 (95%
CI 1.0-2.9). When the analysis was restricted to
subjects who stayed in one residence from the
reference date to the study date, the relative risk
was 3.0 (95% CI 1.3-6.8).
Savitz et al. (1990) also considered use of
electrical appliances. Use of some of these, such
as electric blankets, is associated with prolonged
exposure and relatively high magnetic fields of
1-2 pТ. Others, such as hairdryers, are associated
with higher magnetic field strengths, of 5 liT it
more, but only brief periods of exposure.
Prenatal and postnatal use of electrical
appliances was assessed by parental interview,
completed for 71% of cases and 80% of controls.
Complete data onuse of appliances by the
mother during pregnancy was available for about
93% of those interviewed, and for use by the
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index child by about 97% of those interviewed.
Primary consideration was given to the mother's
and child's use of electric blankets, heated water
beds, and bedside electric clocks, all of which
were subsequently identified as providing
significant exposures ta magnetic fields. None of
the appliances used during pregnancy was
associated with childhood cancer overall. As
water beds became more widely used late in the
study period, a subgroup analysis was made for
children diagnosed before age 2 years; the
relative risk was 2.3 (95% CI 0.7-6.3).
Electric blanket use was examined in more
detail. Potential confounding by the factors
mentioned above was considered. The only
variable for which the crude and adjusted
relative risk associated with electric blanket use
differed markedly was per capita family income;
the relative risk of total cancer increased after
adjustment for this variable. The relative risk
associated with prenatal electric blanket use in
children from families with a per capita annual
income of $ 7000 or more was close to unity,
compared with 1.5 in lower-income families. 1t
has been suggested that differences in recalling
electrical appliance use between parents of cases
and controls were greater for low- than for highincome groups (NRPB, 1992). An alternative
explanation is that since electrical appliance use
would be expected to vary according to income,
adjustment for income by a dichotomous
variable may not adequately control for incomerelated differences in both electrical appliance
use and in participation of control subjects.
Postnatal exposure of the child to the electric
appliances considered was relatively rare. Only
4% of controls had used electric blankets and 6%
had used heated water beds. The highest relative
risk observed for total cancer was 1.5, for use of
electric blankets. The authors considered the
possibility that cancer precursors affect
behaviour and thereby produce spurious
associations with exposure. For example, the
early symptoms of cancer such as chills might
motivate children to begin using electric
blankets. The authors observed a relative risk
associated with electric blanket use within one
year of diagnosis of 3.0 (95% C1 0.8-9.2), which
would be consistent with this hypothesis.

Stockholm County study (Tomenius, 1986)
Tomenius (1986) considered cases of cancer
diagnosed before 19 years of age in Stockholm
county during 1958-73. Some 760 cases born and
diagnosed in the county, and ascertained from
the Swedish Cancer Registry, were included.
Benign tumours were included. For each case, an
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age—sex matched control individual was selected
from birth registry records in the same parish as
the case. In addition, for the 400 cases who still
lived in the parish of birth at the time of
diagnosis, controls resident in the same parish at
the time of diagnosis were selected.
96% of dwellings at the time of birth and
diagnosis were visited; the remaining dwellings
had either been demolished or were not
occupied. The relative risk of total childhood
cancer associated with the dwelling being located
within 150 metres of high-voltage wires,
transformers, electric railroads or subways was 1.4
(95% CI 1.0-1.9). The results of this study related
to dwellings rather than individuals unless
otherwise stated, with some individuals
contributing more than one home to the
analysis. Since the characteristics of the dwellings
contributed by each individual may be more
similar to one another than with dwellings
occupied by other individuals, the statistical
significance of the results is likely to have been
overstated to a small degree (NRPB, 1992). When
the distance was subdivided into 50-metre
intervals, the relative risk increased with
increasing distance from the installation, from
1.2 for proximity within 50 m, to 1.3 for
proximity between 50 and 99 m, to 1.9 for
proximity between 100 and 150 m. This effect
was largely accounted for by the association with
200 kV wires.
In this investigation, a direct measurement of
the magnetic field at the front door of the home
was made. The average magnetic field outside the
door of the dwellings of cases was 0.069 uT, very
similar to that for control dwellings (0.068 uT). A
magnetic field of 0.3 цТ or more was recorded at
48 dwellings (34 of cases and 14 of controls),
giving a relative risk of 2.1 (95% CI 1.1-4.2).
However, the reason for dichotomizing the value
of magnetic field exposure at this level was not
specified and, as mean values were similar in
cases and controls, the choice of this value may
have affected the estimate of risk obtained (Savfftz
et ai., 1988; Poole & Trichopoulos, 1991;
Wartenberg & Savitz, 1993). For dwellings within
150 m of a 200 kV wire, the measured magnetic
field was significantly correlated with distance
from the wire (r = 0.45, p < 0.01), and the
magnetic field was also significantly correlated
with the magnetic field under the wires (r = 0.43,
p <0.01). However, when analysis was restricted
to dwellings within 150 m of 200 kV wires, the
relative risk associated with magnetic fields of 0.3 цТ
or more was 1.1, and that with magnetic fields of
<0.3 цТ was 2.6. This was the inverse of what was
observed when the data on all dwellings were
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considered. For analysis based on individuals, the
relative risk associated with magnetic fields of 0.3
цT or more was 2.6, irrespective of whether the
dwelling at the time of birth or at the time of
diagnosis was considered.

Тафеi study (Lin & Lu, 1989)
The study of Lin and Lu (1989) in Taipei,
Taiwan, during the period 1950-73 has been
reported only in an abstract. No association
between childhood cancer and residence within
50 m of a high-tension power line, transformer or
substation was found.
Yorkshire study (Myers et al., 1990)
Iп a study in the Yorkshire Health Region of the
UK, cases diagnosed in the decade 1970-79 were
ascertained primarily from the local childhood
cancer registry, supplemented by two national
sources (Myers et al. 1990). Controls were
identified as the nearest entries of the same sex in
the birth register containing the record of the
case child. Birth addresses for which sufficient
information about proximity to overhead power
Lines was available were obtained for 89% of cases
and 90% of controls.
There was no significantly raised odds ratio in
any 25 rn distance band from the nearest
overhead line up to 100 m, and there was no
evidence of any trend with distance. In addition,
there was no evidence for different associations
with distance for solid and non-solid tumours.
Magnetic field strengths were estimated from
the maximum load current carried by nearby
overhead lines in the year of birth, assuming that
this was proportional to each child's exposure in
that year. Currents for all lines at 33 kV and above
were obtained directly from the records of meters
at strategic points in the system. For 275 and 400
kV lines, the loads were those recorded at the
period of maximum demand on the whole
system in a given year. For 11 kV and low-voltage
lines, indirect methods of estimating maximum
demand were agreed with engineers from the area
boards concerned, and the estimates were made
by engineers who were not otherwise involved in
the study. For the years before 1974, the load data
for 1974 were taken to apply. For other years
where no record existed for particular lines, the
maximum load in the years immediately before
and after the relevant year was taken. Less than
4% of cases and controls had exposures estimated
to be greater than 0.1 mG, assumed to be the
50 Hz background level on the basis of a field
survey of the homes of 44 volunteers who were
not involved in the maui investigation (Myers et
al., 1985).

Different categorizations of estimated
magnetic field were used, defined а priori on the
basis of the results of previous studies. No
relative risk estimate was significantly different
from unity, and there was no trend with
increasing estimated magnetic field. The authors
noted a suggestion of highest values at
intermediate field strengths. This was apparent
for both solid and non-solid tumours. House
type was considered as a possible indicator of
social class, and cases were slightly more likely
than controls to live iп terraced housing. The
possibility that this might have obscured a
relation with distance from overhead lines or
from estimated magnetic fields was considered,
but no association was apparent either on
stratification or by including house type in the
conditional logistic regression model.

Swedish study (Feychting & Ahlbom, 1992,
1993)
Feychting and Ahlbom (1992) reported a study
of childhood cancer of all types and of leukaemia
and brain tumours in adults in relation to
residential exposure to magnetic fields of the
type generated by high-voltage power lines. The
study base for children comprised those who had
lived in a corridor within 300 m of any of the
220 and 400 kV power lines in Swеdeп during
the period 1960-85, as identified from the
population registry. As the procedure was very
time-consuming, two of the 21 power lies in
Stockholm had to be excluded. In addition, the
registries of a small cumber of parishes were
organized in such a way that residences could
not be accessed. Cases were identified through
record linkage with the Swedish Cancer Registry
and the mortality registry, and the diagnosis was
verified from hospital records. Four controls per
case were selected randomly from the study base
after matching for year of diagnosis and power
line and, where possible, age, sex and parish.
Three assessments of exposure were made. The
main method of assessing magnetic field
exposure was the calculation of historical fields,
taking into account distance of the home from
the line, the configuration of the line, and data
оп load on the lime. Data on load were obtained
from detailed records about the operation of the
line for each hour of the day, every day of the
year. The calculations were made for the year of
diagnosis, 1, 5 and 10 years before diagnosis, the
time of birth and the time of conception, spot
measurements were made according to the
procedures used by Savitz et al. (1988). The
distance between the residence and power line
was measured by mapping, and this was verified
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during the visit to the home when the spot
measurements were performed.
There was no association between total
childhood cancer and any of the measures of
exposure.

There was no marked increase in risk of the
three types of childhood cancer combined
associated with exposure to magnetic fields of
0.1 pT or more (RR = 1.4, 95% CI 0.7-3.0). When
the intermediate cut-off point of 0.25 цТ, defined
a priori, was considered, the relative risk was 1.5
(95% CI 0.6-4.1). The authors considered an
odds ratio function for stepwise increases in the
cut-off point of exposure from 0.1 to 0.8 цТ, with
adjustment for multiple testing. The odds ratio
increased when cut-off points of 0.3-0.4 pT were
used. The lowest p value was observed when the
cut-off point" was 0.5 цТ (p = 0.02, adjusted for
multiple testing). The authors selected the cutoff point of 0.4 pT for presentation on the basis
of this finding and the fact that the risk for each
of three tumour types was raised. However, for
each tumour type, only one control was exposed
to magnetic fields of 0.4 pT or more. Among the
ten cases exposed to an average flux density of
0.1 }iT or more, five had received maximal
exposure at conception and all but one had been
exposed before two years of age. The relative risk
of exposure to 0.25 pT or more for children aged
less than one year at the time of onset of
exposure was 3.4 (95% CI 0.9-13), whereas that
for children first exposed at a later age was 0.4
(95% CI 0.0-3.0). There was no variation in risk
with latent period or with period free of exposure
before diagnosis.

Danish study (Olsen et al. 1993b)
The Danish study was based on a total of 1707
cases of childhood leukaemia, lymphoma and
tumours of the central nervous system, newly
diagnosed during the period 1968-86 and
ascertained from the National Cancer Registry
(Olsen et a1., 1993b). Controls matched on sex
and date of birth were selected from the Danish
central population register. The selection was
made from among subjects who had survived
without cancer until the date of diagnosis of the
case. Residential histories were obtained by
identifying parents from the central population
register and extracting details of addresses from
this register and each of the 276 local population
registries in Denmark.
Exposure assessment proceeded in two stages.
First, homes were classified as being within a
potential exposure area, a 'view distant area', or
as unexposed on the basis of distance from an
installation. This distance varied by type of
installation aid the voltage. The potential
exposure area was one in which exposures from
installations of 0.1 цТ or more are likely, this
being the minimal value that would outweigh
the combined exposure to 50 Hz magnetic fields
from other sources in and around a house. The
view distant area' was defined to include
exposures from installations of less than 0.1 liT,
and corresponded to a distance from an
installation greater than that defined for the
potential exposure area up to about twice the
maximum distance within which an exposure of
0.1 pT or more was likely. For example, the
potential exposure area for overhead lines and
transformer substations with a voltage of
220-440 kV was up to a distance of 150 m, while
the view distant area for these installations was
between 151 and 300 rn. The second stage
involved the calculation of 50 Hz magnetic field
exposures based on the distance of the home
from the installation, the category of the line,
the type of pylons, the ordering of phases and
current flow. As the load in the individual
installations was not registered systematically in
the past, all such information was in the form of
estimates. The average magnetic field strength
was calculated for each dwelling for the period
during which the family was resident. The main
results relate to the highest average magnetic
field level to which the child was ever exposed.

Finnish study (Verkasalo et al., 1993)
The Finnish study was a cohort study of cancer
diagnosed at ages under 20 years in 134 800
children resident at any time in the period
1970-89 within 500 m of overhead power lines
of 110, 220 or 400 kV with calculated magnetic
fields of 0.01 цТ or more (Verkasalo et al., 1993).
Residential information was obtained from the
central population register. As in the study in
Denmark described above, the threshold of 0.01
uT was chosen to include most buildings in
Finland likely to have increased magnetic fields
from power lines. The magnetic fields were
calculated on the basis of the distance of the
power line from the central point of a building,
current flow and typical locations of phase
conductors in power lines. Cumulative exposure
also was calculated. Data on cancer was obtained
from the National Cancer Registry. Expected
numbers of cases were calculated from national
rates.

A total of 140 cases of childhood cancer in the
exposed cohort was observed, compared with
145 expected. There was no association with
having ever lived in a home within 600 m of an
overhead power line with a calculated magnetic
164
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field of 0.01 цТ or more, or with cumulative
exposure to such fields.

Description of studies which considered
only Ieukaemia (Table 5.2)

Norwegian study (Types & Haldorsen, 1997)
Tynes and Haldorsen (1997) identified children
who had lived in a census ward in Norway
crossed by a high-voltage power line (45 kV or
more in urban areas, 100 kV or more in rural
areas) during at least one of the years 1960, 1970,
1980, 1985, 1987 or 1989. This cohort was linked
with the Norwegian national cancer registry and
532 cases of cancer diagnosed at ages up to 14 in
the period 1965-89 were ascertained. For each
case, up to five controls matched on sex, year of
birth and municipality were selected randomly
(n = 2112). Complete information on residence
was available for 500 cases and 2004 controls.
Historical magnetic fields were calculated on the
basis of distance from the power line, height of
towers, distance between phases, ordering of
phases and historical load on the line. Changes
of the voltage and configuration of the power
lines, and for dwellings within 50 m of a line, the
altitude of the home relative to the altitude of
the line, were taken into account. In a study of
65 school children hying close to a 300 kV power
line, the correlation between 24-hour calculated
fields and fields measured by personal dosimeters
over a 24-hour period, in conjunction with
questionnaire information on where the child
had spent that time, were highly correlated,
indicating that calculated exposure was a good
predictor of actual exposure. Electric fields were
calculated by a method similar to that used for
historical magnetic fields, but as shielding
between the residences and power lines was not
taken into account, the calculated electric field
may not have been representative of the field
inside the home.
There was no association between timeweighted average exposure to magnetic fields
and cancer at all sites, leukaemia, lymphoma or
brain tumours. Cancer at other sites combined
showed elevated relative risks for time-weighted
average exposures of 0.05 цТ or more compared
with less than 0.05 1iТ, for magnetic fields of this
magnitude closest in time to diagnosis and also
during the first year of life. The relative risk of
osteosarcoma associated with magnetic fields
closest in time to diagnosis of 0.05 цТ or more
was 10.9 (95% CI 1.1-107.8). Although based on
only 17 cases, this is intriguing in view of the
therapeutic use of magnetic fields in bone
healing. There was no association between
childhood cancer overall or of any specific type
and distance from the lines. Electric fields were
not associated with childhood cancer.

Providence study (Fulton et al., 1980)
In Providence, Rhode Island, Fulton et al.
(1980) mapped power lines within 50 yards of
each of 209 residences of 119 patients with
leukaemia and the birth addresses of 240
controls. Wiring configurations were assessed
and exposure weights were assigned using
Wertheimer and Leeper's (1979) median field
strength reading for each. No association was
found. However, the coding values used in
calculating a measure of summary exposure
differed from those of Wertheimer and Leeper,
but re-analysis using the codes originally used by
these workers also did not reveal any association
(Wertheimer & Leeper, 1980). Wertheimer and
Leeper (1980) pointed out that as a result of all
addresses of cases between birth and diagnosis
being compared with addresses at the time of
birth for controls, a bias was introduced whereby
addresses occupied in the 1950s were controls for
addresses occupied by teenage cancer cases in the
1970s. During this period, the proportion of the
population living in suburban areas increased,
and the general pattern was for families to live
first in urban areas and then to move to the
suburbs. Suburban residence would have been
associated with less exposure to high-current
configurations. In consequence, a bias towards a
null result appears to have been produced.
Wertheimer and Leeper (1980) reanalysed the
data, considering only addresses occupied by
cases aged eight years or less (birth addresses of
cases were not available). A weak positive
association of borderline statistical significance
at the 0.05 level was found (odds ratio for highcurrent configuration versus low-current
configuration 1.7).
South London study (Coleman et al., 1989)
Coleman et al. (1989) carried out a populationbased case—control study of Ieukaemia at all ages
in south London. Some 84 cases of leukaemia in
patients aged under 18 years were compared with
141 controls with a solid tumour, matched on
sex, age (by single year) and year of diagnosis. No
details of participation rates by age were
presented; overall 95% of eligible cases and 89%
of eligible cancer controls were available for
analysis. Exposure to electromagnetic fields was
assessed indirectly from address at diagnosis, the
measures of exposure for childhood leukaemia
being the distance and type (overhead power line
or substation) of the electricity supply
equipment (source) within 100 m of the subject's
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home. Underground cables were excluded from
exposure assessment, as these produce weak
fields which decay approximately with the
inverse cube of distance. The investigators
determining the grid references for the sources
and the subjects' homes were kept blind' to the
status of the subject. inly one case and one
control was resident within 100 m of an
overhead power line. There was no significant
trend in risk associated with distance of
residence from a substation. The relative risk
associated with residence within 100 m of a
substation was 0.9; that associated with
residence within 50 m was 1.5 (95% confidence
interval 0.7-3.4). The use of cancer controls may
have influenced the relative risk. Details of the
distribution of cancer type in controls are not
presented, but it would be expected that CNS
tumours would be the largest single group. If
there were a positive association with CNS
tumours, the relative risks of leukaemia would
have been underestimated.

Los Angeles leukaemia study (London et al.,
1991)
London et aL (1991) reported a case—control
study of childhood leukaemia and (1)
measurement of magnetic fields in subjects'
homes over 24 hours or more; (2) spot
measurements of both electric and magnetic
fields; (3) wiring configuration; and (4) use of
electrical appliances by the mother during
pregnancy and by the child. The case group
comprised children with leukaemia diagnosed
between 1980 and 1987 up to the age of 10 years
and resident in Los Angeles County, California.
In total, 331 cases were eligible. Maternal
interview was completed with 232 (70%), 24hour magnetic field measurements for 164
(50%), spot measurements for 140 (42%), and
wiring configurations were assessed for 219
(66%). 139 of the cases and 131 controls had
been included in the study of Lowengart et al.
(1987), and were recontacted. Controls were
matched with cases on sex, ethnic group and age
and selected mainly by random-digit dialling;
about a quarter were drawn from friends of cases.
Interviews were completed with 232 control
mothers (90% of eligible controls identified), 24hour measurements of magnetic fields for 56% of
the eligible controls, spot measurements for
42%, and wiring configurations for 81%.
To identify residences in which measurements
were to be made, the reference period was
defined as the interval between the mother's last
menstrual period before the birth of the index
case up to a date dependent on the age of
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diagnosis. Only 43% of cases and 34% of
controls had lived for the entire reference period
in the residences measured. It is possible that
stability of residence was associated with control
participation (NRPB, 1992). The measurements
covered residences occupied for at least half the
reference period for 63% of cases and 55% of
controls.
Wiring configurations were assessed blindly by
the method of Wertheimer and Leeper (1982).
Compared with a reference category comprising
buried wires and very low-current configurations, the crude relative risk associated with
'ordinary' low-current configurations was 1.0,
with 'ordinary' high-current configurations 1.4,
and with very high-current configurations 2.2;
there was a statistically significant trend (p =
0.008) .
The data collected on potential confounding
factors included demographic information,
medical history of the child and parents, use of
medications, occupational history of both
parents, exposure to environmental chemicals,
and use of recreational drugs and incense.
Potential confounding was identified for use of
indoor pesticides, hairdryers, black and white
televisions, and father's occupational exposure to
spray paint during pregnancy and to other
chemical exposures after the birth of the child.
The p value for trend associated with wiring
configuration became 0.017 after adjustment for
these variables. However, London et ai. may have
underestimated the possible effect of
confounding, as the variables in question are
unlikely to have been assessed with great
accuracy, and may have been surrogates for other
variables (NRPB, 1992). Moreover, the contrast
between 'ordinary' low-current configurations
and 'ordinary' high-current configurations
contributed most to the chi-square for trend, yet
most 24-hour and spot magnetic field
measurements were similar between the
categories (NRPB, 1992). The only exception was
the percentage of the 24-hour measurement
during which the magnetic field was greater than
2.5 mG; this was higher for 'ordinary' lowcurrent configurations (11.6%) than for
'ordinary' high-current configurations (6.4%).
Thus, the trends associated with wiring codes
may reflect other aspects of housing than
magnetic fields, particularly in view of the
absence of an association with direct measures of
magnetic field.
Spot measurements of electric and magnetic
fields were taken in the rain living area, the
parents' bedroom, the child's sleeping area, and
the living area closest to the electrical
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distribution wiring, unless that room was one of
the other three. In addition, outdoor
measurements were made in the front and/or
backyard areas which the child used and over the
waterpipe. These measurements were carried out
under both low-power conditions and normal
power conditions, for the purposes of
comparability with the study of Savitz et al.
(1988). None of the spot measurements of
electric and magnetic fields was associated with
the risk of childhood leukaemia. The authors
considered the possibility that they might have
missed an association with measured electric and
magnetic fields as a result of a relationship
between unwillingness to have measurements
performed with both electromagnetic field
exposure and case/control status. However, the
magnetic fields predicted from wiring
configurations were similar between the homes
in which measurements were made and those in
which they were not.
No association was found with maternal use
during pregnancy of any of five types of
electrical appliance. The highest relative risk
observed was 1.2 (95% C1, 0.7-2.3), for electric
blanket use. For the 13 appliances about which
information on use at least once a week by the
child was sought, nine relative risks were greater
than unity; those associated with use of black
and white television (RR = 1.5) and electric
hairdryers (RR = 2.8) were statistically significant,
but this needs to be considered in the context of
multiple significance testing. The highest odds
ratios were for the use of electric blankets and
curling irons, but the numbers of exposed
subjects were very small. The relative risk
associated with the use of dial electric clocks was
1.9, contrasting with 1.1 for digital electric
clocks; the former generate much higher
magnetic and electric fields than the latter. It is
unclear what checks for confounding were made
in assessing the associations with appliance use.
The authors considered that recall bias might be
important, and it is difficult to estimate the
effect of recontacting subjects who had
participated in the earlier investigation.

fields

170 000 residences in Tasmania lie within 50 m
of a high tension power line, the expected
number of addresses for the case series was 0.8.

Greek study (Petridou et aL, 1993)
In a study designed primarily to investigate the
association between childhood leukaemia and
early attendance at crèches, the proximity of
residence at diagnosis from electricity
substations and power lines was determined
(Petridou et al., 1993). The relative risk associated
with residence within 100 ni of a substation,
compared with greater distances, was 0.4 (95%
CI 0.1-1.1). Compared with residence 50 m or•
more from a power line, the relative risk
associated with residence at distances between 5
and 49 m was 1.1 (95% CI 0.5-1.8), and with
distances less than 5 m, 1.2 (95% CI 0.6-2.4).
Thus, the associations were inconsistent and
were not statistically significant. As
acknowledged by the authors, the study is
limited by the fact that controls were hospitalbased and by data not being available for a
substantial proportion of subjects (the
participation rate of cases was 74% (136 of 183)
and that of controls was 72% (187 of 260)).
Controls were of higher social class than cases,
whereas childhood leukaemia is usually
associated with higher socioeconomic status.
Mexico City study (Fajardo-Gutiérrez et al.,
1993b)
In a study in Mexico City, the proximity of
residence at interview of the father of 81 cases
with prevalent or incident leukaemia and 77
controls to transformers, high-tension power
lines, substations and transmission towers was
determined (Fajardo-Gutiérrez et aI., 1993b). It is
stated that photographs of such installations
were used in an attempt to minimize recall bias,
but the precise method of assessment of distance
from such installations is unclear. The relative
risks associated with proximity to each type of
installation were all greater than unity. The
relative risks were statistically significant for
high-tension power lines and transmission
towers when no precise distance was specified.
However, all of the relative risks were attenuated
when a precise distance (less than 20 in for
transformers and high-tension power lines, less
than 200 m for substations and transmission
towers) was specified; none of these was
statistically significant. When adjustment was
made for reported exposure to insecticides,
chemicals, frequency of infections during the
first year of life, and prior history of abortions,
only the relative risk associated with proximity

Tasmania study (Lowenthal et aI., 1991)
Lowenthal et al. (1991) presented a preliminary
report of leukaemia and lymphoma in 69
children aid acute lymphoblastic leukaemia
(ALL) in 7 adults in Tasmania diagnosed between
1972 and 1980. The proximity of the 180
addresses occupied by these subjects to hightension power lines was assessed. One of the
addresses was within 50 m of a high-tension
power line. On the basis that about 800 of
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to power lines remained elevated. The study is
limited by the fact that controls were hospitalbased. The participation rates were not specified.

24-hour measurement in the child's bedroom of
0.2 pТ or greater compared with lower exposures
was 3.2 (95% CI 0.7-14.9). Elevations in risk
which were not statistically significant were
apparent also when the mean of the 24-hour
measurements in the child's bedroom, the
median during the night and the mean of the
medians in the child's bedroom and in the living
room were considered. There was no association
with the mean of spot measurements taken at
the residence where the child had lived longest
or the maximum spot measurements of all
residences where the child had lived for at least a
year.

5tudу in Wessex, England (Coghill et а1., 1996)
1n a study in the Wessex area of England, 56
cases with ALL diagnosed at ages up to 14 years
in the period 1986-95 were ascertained by
methods including media advertising, personal
introduction and contacting self-help groups
(Coghill et al., 1996). Parents of the cases were
asked to identify control children of the same
age and sex living nearby. Cases and controls
were excluded if they had not normally slept for
at least a year in the room being assessed before
diagnosis, or if major wiring alterations had
occurred since diagnosis. Electric and magnetic
fields were measured over 24 hours in the
bedp1aces of study subjects using purpose-built
instruments. A random selection of instruments
was validated for accuracy of magnetic field
measurements. There was no statistically
significant difference in the mean magnetic field
assessed over 24 hours. The mean electric field
strength over 24 hours, and over the period
20:00 h — 08:00 h, differed significantly between
cases and controls. The relative risk of ALL
associated with an electric field of 20 V rn-1 or
more compared with one of less than 5 V m 1 was
4.7 (95% CI 1.2-27.8). As acknowledged by the
authors, this study is limited by a number of
poor design elements, such as selection bias and
lack of standardization of the placing of test
instruments. For this reason, it has not been
included in Tables 5.1 or 5.2.

Multicentre study in USA (Linet et al., 1997)
In the UsA, 638 children with ALL diagnosed
before the age of 15 years in the period 1989-94
and 620 controls selected by random-digit
dialling were included in an investigation of the
effects of residential exposure to magnetic fields
(Linet et aL, 1997). The participation rate was
78% for cases and 63% for controls. Magnetic
field measurements were made over 24 hours in
the child's bedroom, and spot measurements of
magnetic fields were made in the child's
bedroom, the family room, the kitchen, the
room in which the mother had slept during the
index pregnancy, and outside the front door. The
investigators attempted to make these
measurements in all of the homes in which
children under the age of five years at diagnosis
(or the reference date for controls) had lived for
at least six months, and for older children, the
homes in which the child had been resident for
at least 70% of the five years immediately
preceding the reference date. Magnetic field
measurements covered more than 90% of the
reference period for 83% of the subjects. In
contrast to earlier studies, magnetic fields were
usually measured within 24 months after the
diagnosis of ALL.
The relative risk of ALL associated with a timeweighted average magnetic field exposure of 0.2
цТ or more compared with an exposure of less
than 0.065 liT was 1.2 (95% CI 0.9-1.8), adjusted
for age, sex, maternal education and family
income. The relative risk associated with an
estimated summary exposure of 0.3 1гТ or more
was 1.7 (95% CI 1.0-2.9). However, there was no
trend of increasing risk with increasing magnetic
field exposure. Moreover, no association was
apparent when analysis was restricted to subjects
who lived in a single home during the study
period or those who lived for the entire reference
period in homes for which 24-hour bedroom
measurements were obtained. In addition, the

Study in Lower Saxonу, Germany (Michaels et
a1., 1997b)
In Lower Saxony, Germany, 129 (59% of 219
potentially eligible) cases of leukaemia newly
diagnosed at ages up to 14 years during the
period 1988-93 were compared with 328
matched controls selected from files of local
government offices for registration of residents
(Michaelis et al., 1997b). Two controls were
matched with each case on gender and date of
birth. One control also was matched on
registration office and the other was selected
from a registration office chosen randomly in
Lower Saxony. Magnetic field measurements
were made over 24 hours in the child's bedroom
at the residence where the child had been living
for the longest period before the date of
diagnosis, and spot measurements were made
throughout all residences where the child had
been living for more than one year. The relative
risk of leukaemia associated with a median of the
.:
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results were similar if only bedroom
measurements in the period 16:00 h — 06:00 h or
20:00 h — 06:00 h were considered.
Wiring configurations were determined for 408
case—control pairs in which both subjects had
lived in one home for at least 70% of the
reference period according to a five-level
adaption of the Wertheimer—Leeper code and the
modified three-category code (Kaune & Savitz,
1994). There was no association between ALL
and wiring configuration using either scheme.
Wiring configurations were similar for
participating and non-participating controls.
There was no association with measured
magnetic field levels of the homes in which the
mother had been resident during the index
pregnancy, which were determined for 257 cases
and 239 controls. As observed in other studies,
there was a significant correlation between
measured magnetic fields and wire codes. In
addition, for the 225 pairs whose mothers'
residences during pregnancy had their wiring
configurations determined, no association with
wire code was found. This was also true when
analysis was restricted to ALL diagnosed before
the age of three years.

Description of studies in which only
brain tumours were considered
(Table 5.4)
Seattle study (Gurney et al., 1996b)
Gurney et al. (1996) reported a case—control
study of childhood brain tumours and wiring
configuration and use of electrical appliances or
electric heating sources by the mother while
pregnant or by the child before diagnosis. The
case group comprised subjects with brain
tumours diagnosed at ages up to 19 years during
the period 1984-90 in the Seattle area. Of a total
of 179 eligible cases, maternal interviews were
completed with 133 (74%). Controls were
selected using random-digit dialling and
matched with cases on age, sex and general area
of residence. 0f 343 potentially eligible controls,
interviews were completed with the mothers of
270 (79%). Information on use of electric
blankets and heated water beds by the child
before the reference date or by the mother
during pregnancy, a partial residential history
and data on potential confounding factors, was
obtained from the interview. subsequently, a
questionnaire was mailed to participating
mothers requesting a residential history to
include every home in which the child lived
during the three-year period up to their reference
date and during the mother's pregnancy and

information on the use of a number of other
electrical appliances. Questionnaires were
returned by 98 (74%) of case mothers and 208
(77%) of control mothers. The wiring
configuration of the homes at the reference date
was determined for 92 of these cases aid 193
controls. No association was found between
brain tumours and wiring configuration, either
according to the five-level Wertheimer—Leeper
code or when exposure was dichotomized.
Moreover, no association was apparent in
subgroup analysis by sex, age at diagnosis or
histological sub-type, and the distribution of the
five-level code was similar for study participants
arid non-participants. No association was
observed for use of electric blankets, water beds
or electric heating sources either by the mother
during pregnancy or by the index child during
his/her lifetime. The relative risks associated with
the use of electrical appliances by the index child
varied between 0.7 and 1.6, being above unity
for eight appliances and below unity for four.
The relative risks associated between maternal
use of four electrical appliances during
pregnancy ranged between 0.7 and 1.1.

Los Angeles brain tumour study (Preston-Martin
et aI., 1996x)
.
Preston-Martin et al. (1996а) reported a
case—control study of brain tumours in children
and (1) measurement of magnetic fields in
subjects' homes over 24 hours or more; (2) spot
measurements of magnetic fields and magnetic
field profiles; (3) wiring configuration; and (4)
use of electrical appliances by the mother during
pregnancy and by the child. A total of 437
eligible cases was diagnosed with brain tumours
at ages up to 19 years in Los Angeles County
during the period 1984-91. Maternal interviews,
including a complete residential history, were
obtained for 298 (70%). Age—sex-matched
controls were selected by random-digit dialling.
Maternal interviews and complete residential
histories were obtained for 298 (69%) of 433
controls identified as eligible.
Of a total of 1002 residences occupied by
mothers of cases from conception to age at
diagnosis, wiring configurations and exterior
spot and profile measurements of magnetic fields
were obtained for 592 (59%). Of a total of 998
residences occupied by mothers of controls,
these measurements were obtained for 539
(540/о). The information was not obtained if the
address was incomplete (12.4% of residences of
cases and 15.0% of residences of controls) or if
the residence was outside Los Angeles County
(19.6% of cases and 20.3% of controls). A further
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9% of residences of cases and 10.6% of residences
of controls could not be measured, usually
because staff could not locate the residence, e.g.
because of demolition, or because the address
turned out not to exist.
For a subset of subjects, 24-hour measurements
of magnetic fields were taken in the child's room
(106 cases, 99 controls) and in a second room
where the child spent the most time (99 cases
and 91 controls). The reason a higher proportion
of controls had no measurements of the
magnetic fields is that 16 controls who lived in
Los Angeles at the time of selection did not live
in the county during the period between
conception and the reference date, and thus had
no eligible residence. This arose because cases
diagnosed up to 41гг years before the start of the
interview study were included in order to
increase the statistical power of the study. As
cases who had moved out of Los Angeles County
after diagnosis were eligible for inclusion, it was
decided not to exclude controls who had moved
into the county since the reference date, because
such an exclusion might have resulted in a bias
towards greater stability of residence among
controls, which was a point of criticism of the
study of 5avitz et al. (1988).
Wiring configurations were assessed blindly by
the method of Wertheimer and Leeper (1982).
Compared with a reference category comprising
very low- and ordinary low-current configurations, the crude relative risk associated with
ordinary high-current configuration was 0.8
(95% CI 0.6-1.2), and with very high-current
configurations 1.2 (95% CI 0.6-2.1). The relative
risk associated with buried wires was 1.9 (95% CI
1.0-3.6). This is thought to be an artefact
introduced by the partial non-contemporaneity
between cases and controls. No excess risk was
apparent in an analysis restricted to the later
years of the study when cases and controls were
accrued concurrently. AIthough measured
magnetic fields were highest in the highest of the
five wire code categories, magnetic field
strengths in homes in this category were much
lower in Los Angeles than in Denver, where the
code was developed.
For the mean, median and 90th percentiles of
all 24-hour magnetic field measurements of the
child's room and the other room in which the
child spent the most time, the relative risk
appeared to be elevated in the small subset of
children in homes at the 90th percentile and
above of each of these variables, compared with
those with measurements below the median.
These - were the only groups of homes where
fields were as high as those in Denver homes
170

with high-current configurations. No increase
was observed for homes in the 90th percentile of
various exterior measurements of magnetic
fields, and there was no evidence of a
dose—response relationship for internal or
external measurements.
The relative risk associated with use of an
electric water bed during pregnancy was 2.1
(95% CI 1.0-4.2). No noteworthy association was
apparent for any other electrical appliance used
during pregnancy. The relative risks for 10
electrical appliances used by the index child
ranged between 0.6 and 2.0; none of these was
statistically significant.

Synthesis of results: leukaemia
In six studies, direct measurements of magnetic
fields were made (Table 5.2). No consistent
association is apparent when the spot
measurements, made in all of the studies, but
following different protocols, are considered.
However, these may not reflect the longer-term
exposure of individuals. In one of the studies, 24hour measurements of magnetic fields in the
index child's bedroom were obtained for 50% of
cases and 56% of controls (London et al., 1991).
The relative risk associated with a magnetic field
of 0.268 цТ or more versus 0.067 цТ or less was
1.5 (95% CI 0.7-3.3). There was no dose—response
relationship. None of a variety of summary
statistics (arithmetic and geometric means,
median, 90th percentile, and percent of time with
readings of over 0.025 uiT) was associated with
risk. In the study of Michaelis et al. (1997b), 24hour measurements were obtained in the
bedroom of residence in which the index child
had lived for the longest period for 59% of cases
and 56% of controls. The relative risk associated
with the median of these measurements being
0.2 u.iT or greater compared with less than 0.2 рТ
was 3.2 (95% CI 0.7-14.9), based on four exposed
cases aid three exposed controls. The relative
risks were not statistically significantly increased
for other characteristics of the magnetic field at
varying cut-points. In the study of Linet et al.
(1997), magnetic field measurements covered
more than 90% of the reference period for 83% of
the subjects. No association between ALL and
measured magnetic fields was apparent, although
there was a tendency for the risk to be higher
among subjects with summary exposure levels of
0.3 T or more. The number of children with such
high levels of exposure was small.
Spat measurements of electric fields were made
in the studies of Savitz et al. (1988) and London et
al. (1991). No association with childhood
leukaemia was found in either study.
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No consistent association between leukaemia
and maternal use of electrical appliances during
pregnancy or the use of such appliances by the
index child was apparent in the two studies in
which this was investigated (Sаvitz et al., 1990;
London et al., 1991). In a study of 27 cases of
leukaemia diagnosed at ages under 25 years, and
192 matched controls, in an area within a 35-km
radius of the La Hague nuclear waste reprocessing
plant in Normandy, France, the relative risk
associated with the index subject having ever
used an electric hair dryer was 2.3 (95% CI
0.8-6.5; Pobel & Vie1, 1997). It was stated that
relative risks were around unity for various
surrogates of exposure to electromagnetic fields
(see Chapter 4 for further details of this study).
Olsen et al. (1993b) noted that whereas
electricity consumption in Denmark had
increased 30-fold since 1945, the incidence of
childhood leukaemia had not changed
substantially in this period, so the proportion of
the disease that might be caused by powerfrequency electromagnetic field exposure must be
small. Similarly, in the USA, the increase in
residential electric consumption has not been
accompanied by a substantial increase in the risk
of childhood leukaemia (jackson, 1992).
However, although power consumption may
have increased over time, magnetic field

Iп four of the five studies of childhood
leukaemia and calculated historical exposure to
magnetic fields, an elevated relative risk was
observed (Table 5.2). The studies in Sweden,
Denmark and Finland were planned in concert
with a view to the possibility of carrying out a
combined analysis and although there are
differences in design, it has been suggested that
these are unlikely to account for the differences
in relative risk estimates between the studies
(Ahlbom et aL, 1993). The combined relative risk
of leukaemia associated with the highest level of
magnetic field exposure was 2.1 (95% CI 1.1-4.1),
based on 13 cases with the highest level of
exposure. More recently, in a combined analysis
of the Danish and Swedish studies, the relative
risk of leukaemia tended to be increased when the
cut-off point for high exposure was increased
(Feychting et al., 1995). The Norwegian study
does not support an association between
leukaemia and magnetic fields, but only one case
and 14 controls had time-weighted average
exposures of 0.14 цТ or more, and the highest
time-weighted average exposure was 0.19 цТ
(Tуnes & Halderson, 1997).
Three out of five studies in the ц5А showed a
relationship with living in residences inferred to
have high-current configurations, with a relative
risk for high-current configurations versus lowcurrent configurations of about 2 (Table 5.2).
Re-analysis of one of the two studies in which no
association was found, in an attempt to resolve a
bias identified in the design, changed the odds
ratio from unity to 1.7 (95% CI 1.0-2.8). The
most recent study, which did not show any
relationship between ALL and wiring
configuration, was designed to address the
weaknesses of earlier studies, and is substantially
larger than the others.
No consistency is apparent for the association
with distance from electrical installations (Table
5.2). Washburn et al. (1994) carried out a metaanalysis of childhood cancer based on a mixture
of crude measures of distance, more exact
measures, and measures also including other
aspects of magnetic field exposure from diverse
types of installation. The combined relative risk
was elevated, but there was significant
heterogeneity between studies, most of which
was attributable to the study of Wertheimer and
Leeper (1979). After exclusion of this study, the
combined relative risk was 1.3 (95% CI 1.0-1.7).
Feychting arid Ahlbom (1995) noted that the use
of the most crude measurement of exposure
available may have reduced the heterogeneity
between studies, but also may have attenuated
the measure of effect.

exposures may have decreased because of

increased use of higher-voltage primary
distribution lines, changes in the type of wiring
and voltage of appliances used in the home, and
the increased use of nonconductive elements in
the plumbing systems into which electrical power
is grounded (Wertheimer & Leeper, 1992). In
Canada, during the period 1971-86, childhood
leukaemia rates did not change, whereas there
was a doubling of residential electricity
consumption (Kraut et al., 1994). In New Zealand,
trends in childhood leukaemia were not clearly
related to changes in household consumption of
electricity (Dcrckerty et al., 1996).
5ahl (1994) suggested that residential proximity
to electricity distribution installations might be a
surrogate for viral contacts. In the study of Savitz
et a]. (1988), selection of controls was constrained
to the residentially stable, whereas this restriction
was not applied in the selection of cases. If
childhood leukaemia were associated with
residential mobility, the different criteria for cases
and controls would have produced a bias. Kinlen
(1988) postulated that certain patterns of
residential mobility may alter the pattern of
exposure to relatively common infections in
childhood, and leukaemia may be an uncommon
response to an atypical pattern of exposure (see
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Chapter 7). However, iп the study of London et
(1991), the extent of residential mobility
appears to have been somewhat greater among
controls than among cases, yet a similar
association with wiring configurations was
identified. In connection with the Kinlen
hypothesis, it would be relevant to examine
changes in the electricity distribution network
associated with the growth of new towns, and in
particular to determine whether this differs
between relatively isolated and other areas.

morphologies and locations. In a recent
combined analysis of data from the Danish and
Swedish studies, the relative risk of central
nervous system tumours associated with a
calculated historical magnetic field of 0.5 jiT or
more was 2.3 (95% CI 0.6-8.0), based on three
exposed cases (Feychting et aL, 1995).
Positive associations between brain tumours
and high-current configurations found in two
studies in Denver have not been confirmed in
more recent studies in Seattle and Los Angeles. It
is unlikely that this inconsistency is due to
differences in the power distribution systems of
these areas, as the Wertheimer-Leeper code has
similar correlations with measured magnetic
fields in Seattle and other areas of the USA as in
Denver (Gurney et aI., 1996b). However, the
highest category of the Wertheimer-.Leeper code
involved higher-intensity magnetic field
exposures in Denver than in Los Angeles
(Preston-Martin et al., 1996а).
The association between brain tumours and
electrical appliance use was considered in four
studies. In the study of Savitz et al. (1990), no
association with prenatal or postnatal exposure to
heated water beds, bedside electric clocks or
heating pads, or postnatal exposure to electric
blankets, was found. However, there was a
positive association with prenatal exposure to
electric blankets (RR = 2.5, 95% CI 1.1-5.5, after
adjustment for family income). The risk was
largest for children under five years of age and
those exposed during the first trimester of
pregnancy. Iп a study in New South Wales,
Australia, non-significant inverse associations
were found with regular use of an electric blanket
(RR = 0.4, 95% C1 0.2-1.2) and an electricallyheated water bed (RR = 0.2, 95% CI 0.0-1.5;
McCredie et al. 1994b). In a multicentre study of
astrocytoma and primitive neuroectodermal
tumours of the brain diagnosed at age five years
or less in the USA and Canada, no association
with maternal use of electric blankets and heated
water beds during pregnancy was found (Burin et
а1., 1994b). In the studies in Los Angeles and
Seattle, no association with use of a variety of
types of electrical appliances was found (Gurney
et al., 1996b; Preston-Martin et al., 1996а). In a
combined analysis of these two studies together
with a study of similar design in the San
Francisco-Oakland metropolitan area, no
association with prenatal or postnatal use of
electric blankets and water bed heaters was found
(Preston-Martin et al., 1996b). The relative risks
did not vary significantly by age, sex, ethnic
group, socioeconomic status or histologkal
category.

al.

synthesis of results: lymphoma
In both available studies of lymphoma and spot
measurements of magnetic fields, raised relative
risks were observed (Table 5.3). However, these
results may be attributable to chance, to selection
bias and/or incomplete control of confounding.
In a pooled analysis of three of the four studies
based on calculated historical fields, carried out in
Denmark, Finland and Swedeп, the relative risk
of lymphoma associated with the highest level of
magnetic field exposure was 1.0 (95% CI 0.3-3.7;
Ahlbom et a1., 1993). More recently, in a
combined analysis of the Danish and Swedish
studies, the relative risk of lymphoma associated
with a calculated historical field of 0.2 цТ or more
was 2.1 (95% CI 0.8-5.5; Feychting et al., 1995).
The three cases in this exposure category in the
Danish study all had Hodgkin's lymphoma.
The two available studies of wiring
configuration and lymphoma are inconsistent
when the most comparable categorization is
considered (Table 5.2). In the meta-analysis of
five studies based on a mixture of measures of
exposure already described in relation to
leukaemia, the combined relative risk was 1.6
(95% CI 0.9-2.8; Washburn et al., 1994).

Syпthesгs of results: brain tuinours
The observation of an increased risk of brain
tumours associated with spot measurements of
magnetic fields at the front door of the home in
the Stockholm county study (Tomenius, 1986)
has not been replicated in three subsequent
studies (Table 5.4). In a combined analysis of the
three Nordic studies based on calculated
historical fields, the relative risk of nervous
system tumours associated with the highest level
of magnetic field exposure was 1.5 (95% CI
0.7-3.2; Ahlbbm et ai., 1993). This was based
partly on multiple cancers in one subject in the
Finnish study. In that study, an elevated risk was
observed for boys only, and this was largely
attributable to one boy with neurofibromatosis
type 2 disease who developed three primary
tumours of the nervous system with different
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Poole (1996) observed that there is a need to
integrate appliance-use into one measure, and to
combine this with measures of exposure from
power lines and other sources, but this remains
problematic because of uncertainty over the
choice of the appropriate characteristics of electromagnetic fields about which to propose
hypotheses (Preston-Martin et aL, 1996с).
Most of the possible mechanisms which have
been proposed and found in experiments on
cells as being responsible for biological effects of
electromagnetic fields are based on resonance
phenomena which involve both the alternating
power-frequency field and the earth's local
geomagnetic field (Philips, 1994). In the study of
Preston-Martin et aL (1996а), brain tumour risk
did not relate to whether exterior static fields
were in or out of resonance.

EIectromagпetic fields to which the
general population is exposed other
than from electrгcity distribution and
domestic appliances
Low-level exposure to radio-frequency fields
(100 kнz—зоо GIz) is ubiquitous (NRPB, 1992).
The field strengths associated with low-power
radio-frequency transmitters decrease rapidly
with distance from the source.
Following concern about an apparent excess of
cases of leukaemia and lyinphoma in adults near
the Sutton Coldfield radio and television
transmitter in the West Midlands, England,
cancer incidence during the period 1974-86 near
radio and television transmitters in Great Britain
was investigated (Dolk et al., 1997а,b). The
national database of postcoded cancer
registrations was used with population and
socioeconomic data from the 1981 census. Study
areas were deined as circles of 10 km radius
around the transmitters, within which 10 bands
of increasing distance from the transmitter were
defined as a basis for testing for a decline in risk
with distance. While an excess of adult
leukaemia was confirmed in Sutton Coldfield,
with a significant decirie in risk with increasing
distance from the transmitter, there was no
excess of childhood leukaemia or childhood
cancer overall (Dolk et al., 1997a). In the analysis
of cancer incidence around 21 radio and
television transmitters of at least 500 kW
effective radiated power for television and
250 kW effective radiated power for frequencymodulated radio transmission, including Sutton
Coldfield, the relative risk of childhood
leukaemia associated with residence within a 10
km radius of a transmitter was 0.97 (95% CI
0.87-1.08), and that of malignant brain tumours

in children 1.03 (95% CI 0.90-1.18) (Dolk et al.,
1997b). There was no significant decline in risk
with distance. A limitation of the study is that
population figures from the 1981 census may
not have given an accurate count of the
population of children at risk over the period of
the study.
In a study in Sydney, Australia, cancer
incidence and mortality during the period
1972-90 was compared between an inner area
comprising three municipalities surrounding
three television transmission towers (within a
radius of approximately 4 km) and an outer area
comprising six adjacent municipalities (Hocking
et al., 1996). For children and adults combined,
the rate ratio for total leukaemia incidence was
1.2 (95% CI 1.1-1.4). For children, the rate ratio
for leukaemia incidence was 1.6 (95% CI 1.1-2.3,
based on 134 cases) and for mortality 2.3 (95%
CI 1.4-4.0, based on 59 deaths). The incidence
of, aid mortality due to, brain tumours was not
increased. The incidence of, and mortality due
to, childhood leukaemia and brain tumours was
similar between the outer area and New South
Wales as a whole.
An excess of acute leukaemia was observed in
children in the Waianae Coast, Hawaii, during
the period 1979-90 (standardized incidence ratio
2.1, 95% CI 1.1-3.7; Maskarinec et al., 1994). A
case—control study (12 cases, 48 controls) was
carried out of potential risk factors including
parental occupation, X-ray exposure, smoking,
family and medical histories, and distance of the
residence of the index child from low-frequency
radio towers. The relative risk associated with
having lived within 4.2 km (2.6 miles) of radio
towers before diagnosis was 2.0 (95% CI 0.1--8.3).
5еlvin et aI. (1992) applied three statistical
approaches to detect spatial clusters of disease
associated with a point source exposure in data
on childhood cancer in the city of San Francisco
during the period 1973-88. The three measures
of clustering were distance on a geopolitical
map, distance on a density-equalized map, and
relative risk. The point source of exposure was a
large microwave tower; it is not clear whether
there had been public concern about the
potential effects of this. A total of 51 cases of
leukaemia, 35 of brain cancer and 37 of
lymphatic cancer diagnosed under the age of 21
years in white individuals was ascertained from
the SEER cancer registry. As exact geographical
information on location was not available, each
case was plotted at the centroid of the census
tract of residence. No systematic spatial variation
with respect to the point source was found for
any diagnostic category.
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Parental occupational exposure
The highest levels of occupational magnetic
field exposure are likely to be encountered by arc
welders and induction furnace workers (NRPB,
1992). For people who work in the electricity
supply industry, about 70% of total magnetic
field exposure arises at work. All of the studies on
childhood cancer and parental occupational
exposure to electromagnetic fields have been
based on job titles. While the fundamental
assumption that electrical workers have higher
exposure than non-electrical workers has been
confirmed in several studies, data to classify the
exposures of specific subgroups of electrical
workers other than those in the electricity supply
industry are sparse (Savitz et al., 1993).

Neuroblastoma
The possibility of an association between
paternal occupational exposure to electromagnetic fields and childhood cancer was raised by
the finding in Texas of a positive association (RR
= 3.2, 95% CI 1.1-8.9) between deaths due to
neuroblastoma and a group of occupations
including electrical, insulation and utility
workers, and workers in electric, electronics and
printing occupations (Spitz & Johnson, 1985).
These authors considered that this finding might
be consistent with Wertheimer and Leeper's
(1979) report of a positive association between
childhood cancer and residential electromagnetic fields, and therefore reclassified together all
occupations considered to have electromagnetic
field exposure using narrow and broad
definitions. For the narrow definition,
comprising electricians, electric and electronics
workers, linemen, and utility employees and
welders, the odds ratio was 2.1. The same odds
ratio was observed for the broad definition,
which also comprised electrical equipment
salesmen and repairmen; this was reported as
statistically significant, but such an assessment is
inappropriate as this was an a posteriori analysis.
For electronics workers only, the odds ratio was
11.8 (based on six exposed cases and one
exposed control). There were no statistically
significant differences in urban versus rural
residence at time of birth, sex, ethnic group,
parental age, legitimacy or the duration of
prenatal care.
Subsequently, in a study based on 104 cases of
neuroblastoma ascertained from paediatric
tumour registries in Philadelphia, with one
matched control for each recruited by randomdigit dialling, and in which both parents were
interviewed to obtain their occupational
histories, the same occupational classifications

were applied for preconceptional and gestational
exposure (Bunin et ai. 1990b). The findings of
the previous study in relation to paternal
occupation were not confirmed; the fathers of
four cases and one control had been electrical
and electronic products assemblers in the penconceptional period. Two mothers of cases and
rio control mothers had jobs in the group of
occupations for which the elevated risk had been
observed in the study of Spitz and Johnson
(1985) during the preconceptional period; both
of these women had been electrical and
electronic products assemblers. The authors
acknowledged that the low participation rate of
controls (57%, versus 70% for cases) might have
produced selection bias, but they observed that
slightly more case than control fathers were bluecollar workers, which would have been expected
to bias the results in favour of a positive
association with jobs with exposure to electromagnetic fields, as most of these were blue-collar
jobs.

Wilkins and Hundley (1990) considered 101
cases of neuroblastoma ascertained from a
paediatric tumour registry in Ohio, for each of
which four matched controls were selected from
birth certificates; these were the source of
information on paternal occupation. No
association was apparent for the group of
occupations for which an elevated risk had been
observed in the study of Spitz and Johnson
(1985). In addition, these authors considered the
more restrictive definition of Ноаr et al. (1980)
and broader definitions developed by Lin et al.
(1985) for a study of brain tumours in adults, and
by Deapen and Henderson (1986) for an
investigation of the role of potential exposure to
electric shock in the etiology of amyotrophic
lateral sclerosis. No case father was exposed
according to the definition of Hoar et al. (1980);
five control fathers were exposed. Only one case
father and three control fathers were exposed
according to Lin et al.'s (1985) category of
'definite' exposure to electromagnetic fields.
Combination of Lin et ai.'s categories of 'definite'
and `probable' exposure produced a group
comparable with the 'narrow' definition of Spitz
and Johnson (1985). The odds ratio was 1.9 (95%
CI 0.4-9.7) after adjustment for a number of
birth characteristics, parental age and a jobcoding ambiguity score. Adjustment for the
ambiguity score was intended to take account of
a difference in the ease with which occupational
data for cases and controls could be coded;
'difficulty' was encountered in coding for 12.9%
of cases and 20.8% of controls. The odds ratio
was 1.6 (95% CI 0.3-9.1) for the broadly similar
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comprised categories based on industry and on
occupation. For all the industry categories
involving potential exposure to low-frequency electromagnetic fields combined (25 cases and 31
controls exposed), the odds ratio was 1.6 (95% CI
1.0-2.8). The odds ratios for specific categories
defined a priori ranged from 0.7 to 4.1. For all of the
occupation categories involving potential exposure
combined (28 cases and 39 controls exposed), the
odds ratio was 1.4 (95% CI 0.9-2.4). The odds ratios
for specific categories defined a priori ranged from
0.5 to 3.5. That for electricians (3.5) was statistically
significant (7 exposed cases, 4 exposed controls);
four of the seven cases had braanstem tumours;
whereas these generally account for 9-13% of
paediatric patients with CNS tumours.
Wilkins and Koutras (1988), in a study in Ohio of
similar design (i.e., mortality-based and using
information from birth certificates), found a
positive association between brain tumours and
paternal employment in electrical assembling,
installing and repairing occupations in the
machinery industry (RR = 2.7, 95% CI 1.2-6.1).
This group of occupations was associated with an
odds ratio of 1.3 (95% CI 0.6-3.0) in the study of
Johnson and Spitz (1989). Subsequently, in a study
of cases with brain tumours ascertained from a
tumour registry in which information was obtained
by interview with both parents, no association was
found with the group of occupations which Spitz
and Johnson (1985) had found to be associated
with an elevated risk of neuroblastoma (Wilkins &

definition of Deapen and Henderson (1986).
When Lin et aL's category of 'possible' exposure
was combined with the categories of 'definite'
and `probable exposure, the resulting group was
roughly comparable with the broad' definition
of Spitz and Johnson (1985); the odds ratio then
became 0.7 (95% CI 0.3-1.5). Thus, the strength
and direction of association depended on the
definition of exposure; a strict definition
produced an inverse association for very small
numbers of exposed subjects, a less strict
definition a positive association which was not
statistically significant, and a broad definition no
association.
In a case-control study of neuroblastoma in
parts of Germany heavily contaminated with
caesium-137 as a result of the Chernobyl
accident, no increased risk was observed for the
offspring of electricity workers (Michaelis et al.,
1996). Data were obtained by a combination of
postal questionnaire and telephone interview on
67 cases and 120 controls.

Tumours of the centrai nervous system
Parental occupational exposure to electromagnetic fields has also been considered in relation to
tumours of the central nervous system (CNS).
Nasca et al. (1988) applied the 'narrow' and broad'
definitions of Spitz and Johnson (1985) in a study
in New York State of 338 cases of CNS tumour, for
each of which two controls were selected from birth
certificates. Data on parental occupations were
obtained by telephone interview with the mother;
participation rates were 85% for cases and 70% for
potential controls (control replacement was used).
Paternal employment at the time of birth of the
child in occupations included in the 'narrow'
definition was associated with an odds ratio of 1.7
(95% Cl 0.8-3.6) and in occupations included in
the broad' definition with an odds ratio of 1.6
(95% CI 0.8-3.1). For paternal employment at the
time of diagnosis of the case, the odds ratios were

Sinks, 1990).

Towards the end of the interviewing period for
this study, a mother of a case reported
spontaneously in the course of interview that each
of three co-workers of her spouse was the parent of
a child recently diagnosed with an intracranial
neoplasm (Wilkins et al., 1991). These children
were not included in the original case-control
study, but were later contacted and interviewed.
During the course of these interviews, two further
children in whom brain tumours had been
diagnosed recently were identified. Each child had
one parent (two mothers, four fathers) employed
by the same company for more than a year before
conception, during pIegriancy, and for at least six
months after birth. Four of the six were still
employed by the company at the time of the child's
diagnosis. The company was an electronics firm
where more than 100 chemical compounds were
used in a manufacturing process. About the same
tune that the connection between the cases was
coming to light, a paediatric neurosurgeon
contacted the investigators to report what he
perceived to be an unusually high number of
referrals to treat children with brain tumours from

1.3 (95% CI 0.6-2.9) and 1.1 (95% CI 0.5-2.5),

respectively. Too few mothers had occupations in
these categories to permit meaningful analysis.
In Texas, Johnson and Spitz (1989) investigated
associations between CNS tumours and paternal
occupations involving use, repair or manufacture of
electrical and electronic equipment, using a similar
design to their earlier study of neuroblastoma (Spitz
& Johnson, 1985). Thus, information was obtained
from birth certificates for 499 deaths due to CNS
tumours and 998 livebirths frequency-matched on
year of birth, sex and ethnic group. The categories
of occupation considered were developed with the
assistance of an industrial hygienist, and based on
the previous study of neuroblastoma; these
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exposure to 'non-ionizing radiation' during
pregnancy (London et al., 1991). No association
between acute non-lymphocytic leukaeniia and
maternal or paternal exposure to 'non-ionizing
radiation', including radar and microwave ovens,
was found in the multicentre study of Buckley et al.
(1989b). In a study of ALL in Spain, maternal
occupational exposure to 'electricity' during
pregnancy was associated with an odds ratio of 0.7,
based on five discordant pairs (Infante-Rivлrd et al.,
1991). In view of the association between Down's
syndrome and leukaemia, and in view of a
reported association between Down's syndrome
and military radar exposure (Sigler et al., 1965),
Hicks et al. (1984) also considered paternal radarrelated occupations and military service. No
association was found with either of these.
In a study in Spain, Infante-Rivard et al. (1991)
found a positive association between ALL and the
mother having worked at home during pregnancy
(RR = 5.8, 95% CI 1.3-26.3, adjusted for birth year,
sex, place of residence, household income and the
mother's level of schooling). Most of the women
were hired by local industries to sew different types
of material on a machine. It was suggested that
exposure to organic dust and synthetic fibres could
have been responsible for the excess risk.
subsequently, it was noted that the electromagnetic field exposures associated with work using
factory or home sewing machines are among the
highest for any profession, and that this might
account fox the association observed in the
Spanish study (Infante-Rivard, 1995). A limitation
of the study of Infante-Rivard et al. (1991) is that
the residential mobility of cases and controls may
have differed. Cases (n = 128) were diagnosed
during the period 1983-85, whereas controls were
selected from the 1981 census. While annual
updates of addresses were available if they had
been reported by the family, only 67 of the 128
controls for which interview data were obtained
were the first potential control selected from
census records. About half the unsuccessful
attempts to obtain controls were due to the
potential control having moved, and about a third
were due to no one being at home at the time that
the interviewer called. Both of these factors might
be related to employment in pregпaпcy, and
therefore the possibility of selection bias cannot be
excluded. In a sensitivity analysis in which it was
assumed that unlocated controls were 10 times
more likely to be working at home than located
controls, the relative risk was 2.8, but was still
statistically significant.
Infante-Rivard (1995) also suggested that
maternal occupational exposure to electromagnetic fields during pregnancy might account for the

the geographic area in question, a rural county in
Ohio.
The six affected children were genetically
unrelated and were diagnosed with a primary
intracranial tumour within 21/2 years of one
another. Two cases had astrocytoma, two medialloblastoma, one ependymoma and one an optic
nerve glioma. The age at diagnosis ranged from six
months to 14 years 10 months. Two mothers
reported that they had received dental X-rays in
the prenatal period, and three of the index cases
were reported to have received dental X-rays. The
only non-occupational factor common to all six
case families was the use of aerosol insecticides in
the home.
As the company is a та~оr employer in a small
town in a sparsely populated rural area, the
possibility that the cluster was a manifestation of a
regional effect was considered. However, no
pattern was identified for the 23 counties
surrounding the town, and spot maps of case
residences did not indicate any pattern of
conmion water supply or proximity to sources of
environmental contamination. The authors
acknowledged that a diversity of tumour types was
observed, but note that astrocytomas,
ependymomas and meduloblastomas are all пецroectodermal in origin and that in animal
experiments different types of ghoma are produced
in the offspring after administration of a single
dose of carcinogen to the dam. The histological
type of tumour may depend on dose and timing of
administration.
Kuijten et a1. (1992) applied the classification of
Lin et al. (1985) in a study of astrocytoma
including 163 case—control pairs. The relative risk
associated with `definite' exposure of the father
during the preconceptional period was 1.1 (19
discordant pairs), during pregnancy 0.9 (17
discordant pairs), and postnatally 0.8 (16
discordant pairs). For 'probable' exposure, the
relative risks were 1.7, 1.6 and 1.3, respectively;
none of these was statistically significant. No
association was observed for paternal work in
'electrical assembling, installing and repairing', but
a significant positive association, based on nine
discordant pairs, was observed for electrical repair
only in the preconceptional period.

Leukaemia
In a study in Los Angeles designed primarily to
assess the association between childhood
leukaemia and residential exposure to electric and
magnetic fields, univariate analysis showed an
elevated odds ratio for paternal occupational
exposure to 'non-ionizing radiation', and an odds
ratio of 4.1 (95% CI 1.1-39.9) for maternal
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association between ALL and maternal
employment in the textile industry observed in a
study in the Netherlands (van Steеnsel-Moll et al.,
1985b). However, no association between
leukaemia and maternal work in textile-related
occupations was observed in studies in northern
England (McKinney et aL, 1987) or in shanghai,
China (Shu etaL, 1988).

All types of chгldhood cancer combined
Bonde et al. (1992) investigated the offspring of
a cohort of 27 071 Danish men who had been
employed for a year or more in Danish steel or
mild steel manufacturing companies during the
period 1964-84, as identified from records of the
national pension fund. A total of 26 529 liveborn
children contributing 233 810 person-years of
observation was identified from the national
population register. Cases of cancer were
identified by linkage with the national cancer
registry. Two cases (2.6 expected) of childhood
cancer were observed among 1774 offspring
(17 254 person-years) of fathers verified as having
been employed in stainless steel welding before
conception, four cases (4.3 expected) among 2764
children (29 077 person-years) whose fathers had
been employed in mild steel welding only, and
four cases (2.7 expected; RR = 1.5, 95% CI 0.5-3.6)
among 1867 children (18 057 person-years) whose
fathers were verified as not having been involved
in welding. Among the 16 489 offspring (183 866
person-years) whose fathers included metalworkers with unverified job title or department,
other production workers, and white-collar
workers, the relative risk of childhood cancer was
0.97 (26 observed cases).

Synthesis of results: parental
occupational exposure
No consistent association between inferred
paternal occupational exposure to electromagnetic fields and neuroblastoma is apparent. Raised
odds ratios have been apparent for some
subgroups of paternal occupations in studies of
CNS tumours, but the subgroups involved have
differed between the studies. It has been suggested

that publication bias may be important as regards
the association between CNS tumours and
paternal occupational exposure to electromagnetic fields (NRPB, 1992). No direct measures of
exposure to magnetic or electric fields have been
made iп any of the studies. The analysis of Wilkins
and Hundley (1990) illustrates the inconsistencies
which may be obtained by applying different
indirect definitions of exposure. Little
information is available on the effects of maternal
occupational exposure to electromagnetic fields.
Thus, the available evidence 1s inadequate to
assess the role of paternal occupational exposure
to electromagnetic fields in the etiology of
childhood cancer.

Conclusions
Childhood leukaemia has been found to be
associated with calculated historical exposure to
magnetic fields in four out of five studies in which
this has been assessed. Hоwevеr, na consistent
association is apparent for measured magnetic
fields. It has been suggested that the inconsistency
between these two sets of findings may be because
fields measured near the time of diagnosis are a
poor indicator of past exposure. However, in a
recent large study, in which measurements were
obtained for more than 90% of the reference
period for 83% of the study subjects, no
association with measured magnetic fields was
found, but a small increase in risk among children
resident in homes with very high magnetic fields,
as suggested in the studies based on calculated
historical exposures, could not be excluded. No
consistent association between childhood
leukaemias and residential proximity to radio and
television transmitters has been observed.
Early reports suggesting an association between
brain tumours and residential exposure to
magnetic fields have not been confirmed. No
consistent association between CNS tumours and
inferred paternal occupational exposure to electromagnetic fields has been observed. These
studies are limited by the lack of direct
measurement of occupational exposure.
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Exposures to chemicals and dusts
In this chapter, associations between
childhood cancer and parental occupational
and environmental exposures to chemicals and
dusts are considered.
Investigations of associations between
childhood cancer and parental occupation have
been of two types. The first includes those in
which the complete range of occupations of the
father, the mother, or both parents, before or
during pregnancy, at the time of birth, or after
birth, have been considered, i.e., studies in
which there was no prior hypothesis. An
important difficulty in interpreting the findings
of such studies is multiple statistical testing. In
addition, it is difficult to compare the results of
these studies because of the diversity of
methods of grouping job titles and industries.
5econd, there are those in which a small group
of occupations, or a specific occupational
exposure, has been examined.
Iп this chapter, emphasis is given to studies in
which specific occupational exposures to
chemicals and dusts were investigated, in view
of the difficulty of comparing the findings from
studies of parental occupations in which there
were no prior hypotheses. Studies of parental
occupational exposure to ionizing radiation are
discussed in Chapter 4, and exposures to electromagnetic fields in Chapter 5.
In virtually all of the studies, paternal
occupations were considered. Hypotheses
regarding the effects of paternal occupational
exposures include: (1) preconceptional
occupational exposure of the father may cause
childhood cancer through the mechanism of
germ-cell mutation; (2) occupational exposure
of the father leads to passive exposure of the
mother, for example as a result of residual
contamination of working clothes, in the pтеconceptional period, during pregnancy, or
during the nursing period (Knishkowy & Baker,
1986); (3) postnatal occupational exposure of
the father leads to passive exposure of the child
during the lifetime of the child (llcDiarmid &
Weaver, 1993).
Information on maternal occupation was
obtained in about half of the studies. This

information could not be obtained in the
studies based on birth or death certificates, as in
these, usually only the occupation of the father
is recorded. As the proportion of women of
reproductive age in employment is substantially
lower than that of men, the data on associations
with maternal occupations tend to be rather
limited. Hypotheses regarding the effects of
maternal occupational exposures include: (1)
toxins resulting from the mother's preconceptional occupational exposure accumulate in her
tissues and subsequently have an adverse effect
on the developing embryo or fetus; (2)
occupational exposure of the mother during
pregnancy has an adverse effect on the
developing embryo or fetus; (3) cumulative
exposure before the birth of the child and/or
during the nursing period influences tie
composition of breast milk, in turn affecting the
infant; (4) children of a woman who works may
be passively, and possibly actively, exposed to
the working environment of the mother.
The studies of parental occupation have been
based on: (1) self-reporting; (2) groupings based
on job titles and industries; or (3) job—exposure
matrices. In some of the studies based on selfreport, analyses have been made for more than
one period of exposure: preconceptional, during
pregnancy, and between birth and a reference
date before diagnosis. 1n such studies, the
observations are not independent.
In the largest studies, routine sources of
information about parental occupation have
been used, such as birth certificates, death
certificates, antenatal clinic records, pension
fund records and census information. In other
studies, data were obtained by interview or
postal questionnaire. In a substantial
proportion of the studies in which data were
obtained by interview, information on paternal
occupation was obtained from the mother.
5halat et al. (1987) assessed the accuracy of
information on men's occupational exposure to
solvents obtained from their wives. The wives of
26 men, who were seen as outpatients for
occupational lung disease or chronic obstructive
pulmonary disease unrelated to organic solvent
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exposure, were interviewed by telephone. There
were specific questions on the husband's
exposure to organic solvents in the workplace,
and a complete occupational history was taken.
The wives were requested to refrain from
discussing the subject of the interview with
their husbands, and they were requested not to
ask their husbands for information if they were
present in the home at the time of the phone
call. The same information was obtained from
the. men subsequently. There was 58%
concordance between the husbands' and wives'
responses to a simple question regarding solvent
exposure; the associated kappa value was 0.18,
indicating poor agreement. When solvent
exposure status was determined by a
modification of the job—exposure matrix
approach developed by Hoar et aL (1980) and
Hsieh et aL (1983), the concordance was 81%
(kappa = 0.71). The true accuracy of this
approach is undefined as the comparison
related to recalled work histories and recalled
exposures to solvents.
Joffe (1992) compared reports of exposure to
eight agents in the present or most recent Job with
information derived from management in five
factories in the printing and plastics industries in
England in 1986. The study was carried out in the
context of research on the reproductive effects of
occupational exposures. The data were obtained
by interviewers trained to administer the
questionnaire, including an extensive reproductive history section, but apart from this they
had no training or experience in occupational
hygiene or any related discipline. Values of
sensitivity ranged from 24% to 85%, and
specificity was at least 67% for seven of the eight
agents. The specificity of reported exposure to
solvents and degreasing agents was 48%.
Exposures which were described in chemically
specific terms, for example imidazoline, tended to
be reported with higher specificity but lower
sensitivity. The author noted that future studies
which use employees' reports of exposures would
benefit from preparatory work to discover and
incorporate the everyday names of agents in use.
Subjects who reported a phase of subfertility ox at
least one miscarriage did not have a higher
proportion of false positives than the study group
as a whole, indicating an absence of reporting
bias.
Shaw et al. (1990) compared parental occupation as recorded on birth certificates in
California with maternal occupation during first
trimester of pregnancy and paternal occupation
three months before conception, as determined
by interview with the mother between three and

seven years after the birth of the child. For 71% of
mothers and 80% of fathers, the occupation on
the birth certificate was the same as the
occupation determined from the interview. These
proportions were similar for cases of severe
congenital heart disease and controls, sensitivity
of the birth certificate for determining whether a
mother or father was employed in a particular
standard occupational category ranged from 50%
to 100%. The magnitude of a bias associated with
a sensitivity of 75% and a specificity of 80% on
the observed odds ratio was considered. In this
situation, for a prevalence of exposure of 20% in
controls, a true odds ratio of 10 would be
observed as an odds ratio of approximately З.
When the prevalence of the exposure is 5%, a
true odds ratio of 10 would be observed as an
odds ratio of about 2.
In a number of studies in the USA, a system
developed by Hoar et al. (1980) to link
occupations and exposures was used. The linkage
system includes an occupation code, an agent list,
and links between occupations and agents, with
some minimal information on the degree to
which workers are exposed to each agent.
Occupations were categorized by industry, using
the categories defined in the US census of 1970,
and by task within the industry using the United
States Dictionary of Occupational Titles. The
categorization depends on the level of detail
regarding chemical or physical exposure in
particular processes. In all, 501 occupational
categories were distinguished. The agent list was
intended primarily to include known or suspected
chemical carcinogens, but was expanded to
include some chemicals with other chronic or
acute effects. The list was developed by review of
the literature published between 1962 aid 1977.
Some 376 agents were listed. Thus, there are over
15 000 pairs of occupations and agents. A threelevel grading of the degree of exposure to an agent
which a specific task involves was applied: (1)
associated with high degree of exposure to the
agent; (2) processing occupations in the same
industry as jobs associated with a high degree of
exposure to the agent; and (3) engineers,
managers, officials, sales persons, production
clerks or professionals in the same industry as jobs
associated with а high degree of exposure.
Hsieh et al. (1983) developed a condensed
classification which was applied in several studies
of childhood cancer in the USA. First, agents were
grouped into 24 categories based on chemical and
physical class to form an abridged linkage system.
Second, a hierarchical clustering scheme was used
to group the occupations linked with each of the
24 categories of agents. Two hundred and forty
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seven clusters were identified by the statistical
procedure, which can themselves be aggregated.
Hsieh et a1. suggested that 30 clusters appeared to
provide a manageable cluster scheme.
Wilkins and Sinks (1990) commented that a
number of uncertainties remain concerning the
validity of the job-exposure matrix developed by
Hoar et al. (1980), resulting from the focus on
known or suspected carcinogens, the lack of
validation of the exposure links and the associated
estimates of intensity of exposure, and the
reliance on review of literature from the 1960s and
1970s. Regarding the last point, volumes 2-10 of
the International Agency for Research on Cancer's
Monographs on the Evaluation of Carcinogenic Risks
of Chemicals to Man (1972-76) were used by Hoar
et al.; as of July 1997, some 69 volumes had been
published in this series. Linet et al. (1987) found
that that the Hoar et al. job-exposure matrix
demonstrated poor sensitivity but rather high
specificity as compared with self-reported
occupational exposure to benzene or asbestos. In
studies of lung and bladder cancer in adults,
analyses using the job-exposure matrix have
detected some, but not all, known carcinogens
(Bunin et al., 1989b).
In addition to studies of parental occupational
exposures, studies of environmental (including
household) exposures to chen icals and dusts are
considered. These include case-control and
ecological studies.

was restricted to women who had reported
exposure to a least one of a specified list of
agents (Shu et al., 1988). The association
appeared to be stronger for acute lymphocytic
leukaemia (ALL) than for acute non-lymphocytic leukaemia (ANLL). As already discussed
(Chapter 4), a limitation of this study is that
controls were not contemporaneous with cases.
In a hospital-based study in Mexico city of 81
cases of leukaemia, 77 community controls
matched on age and area of residence, and 77
hospital controls free of neoplastic disease and
similarly matched, the relative risk associated
with exposure to fertilizers was 4.7 (95% CI
1.1--24.1) and that associated with exposure to
insecticides was 1.9 (95% CI 1.1-3.6) (FajardoGutiérrez et a1., 1993а). When separate
comparisons were made with each control
group, the risks were higher in the comparison
with hospital than with community controls. It
is not clear whether the analysis related to direct
postnatal exposure of the chip оr whether
gestational exposure was included.
In a horticultural community in the
Netherlands, a four-fold excess of haematopoietic malignancies in young persons was
observed during the period 1980-85 (Mulder et
al., 1993, 1994). Subsequently a populationbased study was made of the 14 cases diagnosed
at ages under 40 years between 1975 and 1989,
with four controls per case matched on age and
sex selected via local general practitioners. All
cases and controls identified participated in the
study. There were seven cases of leukaemia
(median age six years) and seven of lymphomas
(median age 25 years). The relative risk
associated with paternal exposure to pesticides
of at least three hours per week was 3.2 (95% CI
1.0-10.1), while that associated with the
subject's direct exposure of comparable duration
was 6.0 (95% C1 0.6-49.3). The corresponding
relative risks associated with exposure to
petroleum products were 9.0 (95% CI 1.0-66.1)
and 8.0 (95% CI 2.2-129.9) respectively.
Swimming for at least an hour a week in the
local pond was associated with a relative risk of
5.3 (95% CI 1.3-17.4); in the 1970s, the pond
had been polluted by accidents with pesticides
and petroleum products.
Leiss and Savitz (1995) investigated reported
use of home pesticides in a study of childhood
cancer in Denver, Colorado (USA) diagnosed in
the period 1976-83, in which the primary aim
was to investigate associations with electromagnetic fields (see Chapter 5). In the course of
interview with the parents, information was
sought about use of home pest extermination,

Leukaemia
Pesticides
Associations between childhood cancer and
parental occupational arid home exposure to
pesticides have been investigated most
extensively in relation to childhood leukaemia.
Interest in the possible role of pesticides,
including insecticides, fungicides and
herbicides, in the etiology of childhood
leukaemia has been stimulated by the
observation of higher incidences in rural than
urban areas (see Chapter 2), and by their high
biological activity (IARC, 1987). The available
studies vary according to the types of leukaemia
included, and the specific types and
circumstances of exposure considered.

Leukaemia of all types combined
A positive association (RR = 3.5) with maternal
occupational exposure to pesticides in
pregnancy was found in a study of 309 cases and
population-based controls in Shanghai, but was
not statistically significant when the analysis
1:1
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treatment of the area around the home with
insecticides or herbicides arid use of pest strips.
positive associations between use of pest strips
and leukaemia were found. The relative risk
associated with reported use during the last
three months of pregnancy was 3.0 (95% C1
1.6-5.7), that for use in the period from birth
until two years before diagnosis 1.7 (95% CI
1,2-2.4) and that for use in the two-year period
before diagnosis 2.6 (95% CI 1.7-3.9). The
insecticide used in pest strips was dichlorvos, an
organophosphate which has been associated
with adult onset leukaemia in men (Brown et
al., 1990), and exposure to which has been
reported in case reports of childhood leukaemia
(Reeves et al., 1981). Home pest extermination
and insectidde/herbicide treatment of the area
around the home were not associated with
leukaemia in this study.
In a study in Lower Saxony, Germany, data on
173 cases of childhood leukaemia diagnosed in
the period 1988-93 were compared with data
from (я) local controls, matched with cases on
age, sex and area of residence and (b) state
controls, matched with cases onage and sex
only (Meinert et al., 1996). Data were obtained
by a combination of postal questionnaire and
telephone interview. The participation rates
were 77% for parents of cases and 69% for
parents of controls. Working as a farmer,
gardener or florist was considered to involve
potential exposure to pesticides. There was no
clear association with either parent having
worked for at least one year iп one of these
occupations within the interval from two years
before the birth of the index child until
diagnosis. There was no association with
reported direct contact with pesticides in the
course of such work. Iп the comparison with
local controls, the relative risk associated with
pesticide use in gardens or on farms was 2.5
(95% CI 1.1-5.4). No association was apparent
in the comparison with state controls, but this
may have been the result of a higher proportion
of such controls being resident in rural areas.
There was no association with reported
extermination of insects in the home.

discordant pairs) was reported by Lowengart et
al. (1987). These associations appear to be
independent of one another and of paternal
occupational exposure to chlorinated solvents
and employment in the transport-equipment
manufacturing industry, but the study is limited
by a poor participation rate. subsequently, in an
extension of the study intended primarily to
investigate the association with electromagnetic
fields, London et al. (1991) found a positive
association with insecticide use inside the house
(RR = 2.5, 95% CI 1.5-4.4), but not out of doors,
at any time during a reference period defined as
from the date of the last menstrual period to the
date of diagnosis minus a variable period
depending on the age of the child at diagnosis.
In a study of 201 cases of acute leukaemia and
controls hospitalized for other severe disease in
Lyon, France, the relative risk associated with
the father having worked in a job involving
exposure to pesticides was 4.2 (95% CI 1.2-14.0;
by unmatched analysis of matched data; Lavai
& Tuyns, 1988). This finding may be due to
selection bias arising from differential referral
patterns for cases and controls. In a cohort
study of over 240 000 offspring, born in the
period 1952-91, of men and women employed
in agricultural work in Norway, no association
between acute leukaemia (181 cases diagnosed
at ages up to 39 years) and pesticide purchase as
recorded in the 1969 census was observed
(Kristensen et aL, 1996). As pesticide purchase is
a crude indicator of exposure, and only
information on purchases in the year preceding
the 1969 census was available, considerable misclassification is likely to have occurred, which
would have biased the estimated relative risk
towards unity.

ALL
No association between ALL and maternal or
paternal occupational exposure to "pesticides,
herbicides, and insecticides" during pregnancy
was found by Van Steensеl-Moll et al. (1985b) in
a study of 519 cases and population-based
controls in the Netherlands, or between ALL
and maternal occupational exposure to
insecticides during pregnancy by Infante-Rivard
et al. (1991) in Spain, based on 128 cases and
population-based controls.
In a multicentre study of 990 cases of ALL and
1636 controls with other types of cancer in the
USA and Canada, the relative risk associated
with paternal exposure to insecticides was 1.2 (р
> 0.1) while that associated with exposure of the
index child was 1.6 (p < 0.01; Buckley et al.,
1994). In a comparison between a subset of 404

Acute leukaeniia
A positive association between acute
leukaemia and maternal exposure during
pregnancy and lactation, and paternal exposure
during pregnancy, to household pesticides (RR
for use by either parent at least once a week =
3.8, 95% CI 1.4-13.0, 24 discordant pairs) and
to garden pesticides or herbicides (RR for use at
least once a month = 6.5, 95% CI 1.5-59.3, 15
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a general perception that pesticides are
potentially hazardous to health, this association
should have been observed in their other
studies relating to childhood cancers, but there
was no evidence of this.

cases and individually matched controls
selected by random-digit dialling, the relative
risk associated with paternal exposure was 2.8 (p
<0.001) and that with exposure of the child 5.0
(р < 0.001). A possible explanation for these
inconsistencies is that the cancer control group
included diseases that might have a similar
etiology to ALL or one of its subtypes. For
example, 11% of the subjects in this control
group had ANLL, 15% had brain tumours, 14%
had neuroblastonia and 10% had Wilms'
tumour, and positive associations with
pesticides, insecticides or herbicides have been
reported for all of these. Analyses by
immunophenotype also were carried out. The
strongest associations for both paternal
exposure and exposure of the index child were
apparent for T-cell and common cell leukaemia.

Summary
In most of the available studies, a positive
association between leukaemia and pesticide
exposure of the index child during his or her
lifetime has been observed. The available data
are inadequate to assess whether the association
is apparent only for certain specific agents. In
addition, use of pesticides may be a marker of
rural isolation, so the possibility of confounding
by patterns of exposure to infection which may
be associated with population mixing (see
Chapter 7) cannot be excluded. The associations
with maternal and paternal occupational
exposures are less consistent. No consistent
association between leukaemia and employment of the father in agriculture has been found
(Fabia & Thuy, 1974; Hemminki et al., 1981;
Van Steensel-Moll et al., 1985b; Lowengart et al.,
1987; McKinney et al., 1987; Shu et al., 1988;
Gardner et я1., 1990a; Magnani et al., 1990;
Olsen et al., 1991; Roman et al., 1993; Kristensen
et al., 1996; Meinert et al., 1996). In two studies,
data specifically on ANLL and maternal
occupational exposure were presented; the
results were inconsistent.

ANLL
In a multicentre study of 204 cases of ANLL
arid controls selected by random-digit dialling
in the UsA and Canada, Buckley et al. (1989а)
reported positive associations with self-reported
maternal occupational exposure to pesticides
before (RR = 3.0, 3 exposed cases), during (RR =
6.0, 4 exposed cases) and after (RR = 7.0, 2
exposed cases) pregnancy. Self-reported paternal
occupational exposure was associated with
relative risks of 1.7-1.9 for the same periods.
Paternal occupational exposure inferred by the
job—exposure matrix of Hoar et al. (1980) was
associated with a relative risk of 2.3 (p = 0.05). A
significant association with duration of
exposure was apparent for maternal exposure
and a positive association of borderline
significance was found for paternal exposure.
These associations appeared to be more
pronounced for the myelomonocytic (14) or
monocytic (IS) morphology than for the acute
myelocytic (11/12) morphology. In addition,
Buckley et al. (1989b) assessed associations with
maternal exposure to household fly-sprays,
pesticides and garden or agricultural sprays, and
treatment of the house by insect exterminators,
in the month before the last menstrual period
and during the index pregnancy. Similarly,
associations were assessed with direct exposure
of the child to household pesticides, garden
sprays and insect exterminations. There were
significant trends of increase in risk with
increasing frequency of exposure for both intrauterine (р value for trend 0.05) and postnatal (р
value for trend 0.04) exposure. These
associations appeared to be independent of
parental occupational exposure. The authors
noted that if there were recall bias arising from

Agent Orange
Between 1961 and 1971, over 1.7 million
hectares of what was then South Viet Nam were
sprayed by aircraft with phenoxy herbicides, in
an intensive defoliation campaign known as
'Operation Ranch Hand' (Sterling & Arundel,
1986). Agent Orange accounted for 61% of the
total volume of herbicides used in the war, and
contained peak concentrations of 2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD) of up to 60
parts per million, with an average of 2 parts per
million.
The US Centers for Disease Control undertook
a multidimensional assessment of the health of
Viet Nam veterans, mandated by Congress,
known as the Vietnam Experience Study
(Centers for Disease Control Vietnam Experience
Study, 1988). A random sample of 48 513 records
was drawn from approximately 4.9 million
records of personnel who served in the US army
during the period of its involvement in Viet
Nam. To increase comparability between those
who served in Viet Nam and those who served
elsewhere, the sample was restricted to those
who entered army service during the period
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1965-71, served only one term of enlistment,
had at least 16 weeks of active service, earned a
military occupational speciality other than
"trainee" or "duty soldier", and had а pay grade
no higher than sergeant when discharged from
active service. Application of these criteria
reduced the sample size to 18581, of whom
17 867 were alive on 31 December 1983.
Telephone interviews were completed with 7924
(87%) of those who had served in Viet Nam and
7364 (84%) of those who served elsewhere. 25
cancers were reported among children of Viet
Nam veterans, and 17 among those of non-Viet
Nam veterans. After adjustment for a number of
variables relating to army service, maternal age
and gravidity, the relative risk was 1.5 (95% CI
0.8-2.8). The main type of childhood cancer
observed was leukaemia, with 12 cases among
children of Viet Nam veterans and seven amongs
children of non-Viet Nam veterans (crude odds
ratio 1.6, 95% CI 0.6-4.1). The authors noted
that for most reproductive and child health
outcomes studied, Viet Nam veterans were more
likely to report an adverse event than were nonViet Nam veterans.
Concern expressed by Viet Nam veterans in the
USA about the possibility that exposure to
herbicides, notably Agent Orange, might
increase the risk of fathering a child with
congenital anomalies prompted the Centers for
Disease Control to conduct an investigation
based on the Metropolitan Atlanta Congenital
Defects Program (Erickson et al., 1984). As the
investigators were concerned that herbicide
exposure assessed by interview would be prone
to recall bias, the investigation focused onthe
fact of service in Viet Nam. A total of 7529 cases
of major malformation born during the period
1968-80 were initially identified. After exclusion
of births given up for adoption and births which
had been included in a pilot study, and the
random choice of one birth from sibships in
which more than one birth was affected, 7133
births remained eligible for study. The control
group comprised live births frequency-matched
on ethnic group and year and hospital of birth.
4246 controls were initially identified as eligible.
Interviews were carried out during the years 1982
and 1983, aid responses about Viet Nam service
were verified from army records. Some 56.3% of
eligible fathers completed telephone interviews,
with most losses reflecting a failure to trace the
individual concerned rather than a refusal.
Overall, the participation rates were very similar
in the case and control groups, and there was
little difference in the participation rates of
parents of cases by type of anomaly. Eight-seven

cases with "other neoplasms" were included. The
odds ratio of this category of anomalies for Viet
Nam veterans compared with other men was 1.8
(95% CI 1.0-3.3). Among the offspring of Viet
Nam veterans and all other fathers, the
neoplasms classified in this group included CNS
tumours (5 cases), neuroblastomas (3 cases),
Wilms' tumours (3 cases), hepatoblastoma (1
case), rhabdomyosarcoma (1 case), teratomas (14
cases), dermoid and epidermoid cysts (26 cases),
lipomas (9 cases), haematomas (5 cases), and
miscellaneous benign tumours (24 cases). The
observed relative risk should be seen in the
context of tests having been performed on 95
categories of congenital anomalies, with only
one of which (specified anomalies of the nails) a
significant association was found (odds ratio
4.2). Two indices of "exposure opportunity" to
Agent Orange were calculated, without
knowledge of case or control status. The first was
based on occupation, location, and time of
service in Viet Nam as recorded in military
records. This information was available for 75%
of the total of 428 fathers of cases with
congenital anomalies of any type, including
neoplasms, who had served in Viet Nam, and
67% of the 268 fathers of controls who had
served there. The odds ratio for "other
neoplasms" associated with the highest level of
the score compared with non-Viet Nam service
was 2.0; this was not statistically significant. The
sécоnd score was based on occupation, location
and time of service in Viet Nam as determined by
interview of Viet Nam veterans. This information
was available for 81% if the 428 Viet Nam
veteran fathers of cases with anomalies of any
type, and 75% of the 268 Viet Nam veteran
fathers of control infants. The odds ratio for
"other neoplasms" associated with the highest
level of the score compared with non-Viet Nam
service was 3.7; this was statistically significant.
The odds ratios relating to these two "exposure
opportunity" indices were stratified by ethnic
group and by year and hospital of birth. Further
adjustment for maternal age, maternal
education, maternal alcohol consumption, the
occurrence of congenital anomalies in firstdegree relatives of the index birth, and up to 108
additional variables (evaluated for potential
confounding), depending on the type of
anomaly, gave very similar results.
The final assessment of exposure was based on
Viet Nam veterans' reports of exposure to Agent
Orange. As recall bias was considered to be
potentially a major issue, the analysis was made
by internal comparison among parents of infants
with major congenital anomalies. About 25% of
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the Viet Nam veterans interviewed believed that
they had been exposed; approximately the same
proportion reported that they did not know
whether they had been exposed. No significant
association for any specific anomaly or group of
anomalies was found. The odds ratio for "other
neoplasms" was 1.5; this was not statistically
significant.
Erickson et al. (1984) considered that the
nominally significant association between the
exposure opportunity index based on interviews
and neoplasms could be attributed to
unidentified bias or confounding, or chance.
Another issue concerns the completeness of
ascertainment of neoplasms in a system designed
to identify congenital anomalies identified
during the first year of life.
In a case—control study of congenital anomalies
associated with army service in Viet Nam
commissioned by the Australian government,
8517 infants with congenital anomalies,
detected at birth or in the first week of life, born
in hospitals in New South Wales, Victoria, and
the Australian Capital Territory during the period
1966-79, were identified from hospital and
cytogenetic Iaboratory records (Report to the
Minister for Veterans' Affairs, 1983; Donovan et
аl., 1984). Infants with anomalies were matched
with liveborn infants without diagnosed
anomalies on hospital of birth, maternal age,
date of birth and, where possible, the "payment
category" for the hospital services. Details of the
father were cross-matched with Australian army
lists fox the period of Australian involvement in
Viet Nam (1962-72). There were four cases of
"other hanrartoses, not elsewhere classified",
none of whose fathers had served in the army in
the relevant period.
None of 80 births with congenital anomalies of
all types in 919 live births to Ranch Hand
veterans, almost certainly the group of
servicemen most heavily exposed to Agent
Orange, was reported to have a congenital
neoplasm (Lathrop et al., 1984).

Hydrocarbons, including benzene
Iп the course of reviewing a small sample of
birth and death certificates of children in
Quebec, Fabia and Thuy (1974) observed that a
large proportion of fathers of children who had
died from cancer appeared to work in petrolrelated occupations. The authors proceeded to a
formal investigation of the association between
deaths due to cancer and paternal occupations
involving potential exposure to hydrocarbons at
the time of the child's birth. These occupations
included motor-vehicle mechanics, machinists,
184

miners and painters. Data on 386 deaths due to
childhood cancer before the age of five years in
Quebec in the period 1965-70 were compared
with data on 772 controls, selected as the births
immediately preceding and immediately
following that of the case in the birth
registration files. The relative risks of leukaemia
and lymphoma (n = 218) associated with each of
the three occupational categories considered
were about two. This finding stimulated
investigations into the possible risk of parental
occupational exposures in the etiology of
childhood cancer.
Associations between childhood leukaemia
and paternal occupational exposure to
hydrocarbons are summarized in Table 6.1. The
original study of Fabia and Thuy (1974) has been
excluded from the tabulation as it generated the
hypothesis. In most of the studies, exposure was
inferred from job title. For purposes of
comparison, results relating to the period nearest
to the time of birth of the index child have been
tabulated.
No consistent association between paternal
occupational exposure to hydrocarbons of all
types combined and leukaemia of ai types or
ALL has been observed (Table 6.1). In some
studies, more than one reference period of
exposure was considered (Gold et al., 1982;
Lowengart et al., 1987; Buckley et al., 1989b;
McKinney et al., 1991). Within each of these
studies, the associations were fairly similar for
the different reference periods; the observation
that the associations were statistically significant
for some reference periods but not others is
unlikely to be of importance in view of the
probable dependence of exposure between
reference periods and the fact that multiple
significance testing was performed.
Iп five studies, paternal exposure to benzene
was considered (Shaw et al., 1984; Lowengart et
a1., 1987; Buckley et aL, 1989b; Ickinney et al.,
1991; Feingold et al., 1992). No consistent
association was apparent.
Few studies of maternal occupational
exposure to hydrocarbons during pregnancy
and childhood leukaemia have been carried out
(Table 6.2). With regard to ALL, the two
available studies of all types of hydrocarbon
combined are inconsistent (Van Steensel-Moi et
a1., 1985b; Infante-Rivard et al., 1991), and a
further study showed no striking association for
specific types of hydrocarbon (Shu et al., 1988).
In a single study, no clear association with home
exposure of either parent to petroleum products
during the index pregnancy was found
(Lowengart et al., 1987). However, in two out of
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three studies of ANLL, a positive association
with hydrocarbons was apparent. This may be
compatible with the observation that benzene is
positively associated with ANLL in adults (IARC,
1987). Iп the study in which no association
between childhood ANLL and maternal
exposure to hydrocarbons in pregnancy was
apparent (Buckley et al., 1989b), there was а
significant positive association with reported
postnatal exposure of the index child to
petroleum products (p value for trend = 0.02).
In a number of studies, residential proximity
to sources of environmental exposure to
hydrocarbons has been considered.
Local concern about the incidence of
leukaemia and lymphoma in children and
young people in the vicinity of the
petrochemical plant at Balgan Bay, South Wales,
led to investigation by a television company
and a formal investigation (Lyons et al., 1995).
Throughout the life of the plant, which opened
ii 1963, it has produced chain hydrocarbons
including ethylene, cyclic hydrocarbons
including benzene, polymers such as polyvinyl
chloride, and ethanol. The observed numbers of
cases of leukaemia and lymphoma diagnosed
before the age of 25 years during the period
1974-91 in persons resident within 1.5 and 3.0
km of the plant were compared with those
expected on the basis of national rates for
Wales. These radii had been chosen by the
television company's investigators for unknown
reasons. There was no significant excess in any
of the comparisons made. In an accompanying
рарer, Sans et al. (1995) analysed the incidence
of, and mortality due to, leukaemia in children
aged 0--14 years in the area defined by a circle of
7.5 km radius centred on the petrochemical
plant during the period 1974-84, using
boundary free methods. There was no excess of
leukaemia or mortality in the area as a whole
compared with regionally adjusted national
rates, and there was no evidence of decline in
risk with distance.
Knox (1994) sought to validate previously
demonstrated spatial clustering of childhood
leukaemias (Knox & Gilman, 1992b) by
comparing the distances of cluster locations
and control locations to a variety of map
features. A file of 9406 registrations of
childhood leukaemia and non-Hodgkin
lymphoma in Great Britain during the period
1966-83 was searched for all pairs whose
addresses at diagnosis were within 0.15 km of
one another. These pairs were defined to be the
clusters. Sôme of the pairs were components of
larger aggregations, and the location of these

was summarized as a single point. A total of 264
cluster locations was identified. Control
locations were chosen as the addresses filed
alternately 10 000 before and after that of the
cluster location in the file of all 1.28 million
residential postcodes in Britain. The map
features included railways and trunk roads,
considered to represent potential sources of
pollution; surface water and wooded areas,
considered to be possible sources of infection;
and churches, considered (in cities) as an
indicator of high population density, older
houses and less affluent lifestyles. The mean
distance between cluster locations and railwаy~
was 0.9 km, compared with 1.6 km for control
locations. The meandistance between cluster
locations and churches was 0.6 km, compared
with 0.7 km for control locations. These
differences were statistically significant. When
the distance from railways was adjusted for
distance from churches, the difference
remained statistically significant. There was no
difference in the pattern according to whether
the hie was electrified or not, or whether it was
used for movement of goods only or for goods
aid passengers. No significant difference in
distance from trunk roads or woodlands was
found. The mean distance from cluster
locations to surface water was significantly
greater for cluster (0.7 km) than for control (0.5
km) locations.
Knox (1994) then carried out a search for
industrial facilities served by railways, and
investigated their proximity to cluster and
control locations. The mean distance between
oil and petroleum depots and terminals,
petrochemical factories, oil storage and
unloading farms, and refineries and cluster
locations was 9.9 km, significantly less than the
distance between these facilities and control
locations (12.7 km). The mean distances from
other installations were substantially greater,
and did not differ significantly between cluster
and control locations. In addition, Knox (1994)
compared the distance of all 9406 cases and
9406 control locations selected randomly from
the postcode file. The mean distance between
cases and oil installations was significantly less
than that between control locations and such
installations. In both analyses, the distances
from non-nuclear power stations, rail yards and
steel works were less for cases than for controls,
but the magnitude of the difference was less
than for the oil installations. Knox (1994)
suggested that childhood leukaemia may be
associated with exposure to fossil fuels,
especially petroleum, as a result of leakage,
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evaporation or combustion; or some combination of these. A major limitation of this study
was that no child population denominators
were available. Control postcodes are likely to
have had lower population densities than those
of cases, so the associations observed by Knox
(1994) may have been secondary to differences
in population density (Bithell & Draper, 1995).
In addition, control locations sampled from a
file of postcodes are unlikely to have been
representative of the distribution of the
population at risk during the period when cases
were diagnosed (1966-83). Movement of
population away from the vicinity of the
facilities would have compounded the difference in population densities between case and
control locations (Bithell & Draper, 1995). In
addition, the relationship between the date of
diagnosis of cases and the periods of operation
of the facilities was not taken into account.
Subsеquепtly, Knox and Gilman (1997)
applied a similar approach to the analysis of
data on 22 458 deaths from leukaemia and
other cancers in children aged up to 15 years in
Great Britain during the period 1953-80. The
locations of potentially hazardous industrial
installations were obtained from business and
other directories. The relationship between the
birth and death addresses of the cases to these
locations and to railway lines and motorways
was investigated by counting the numbers of
deaths (and births) at successive radial distances
and comparing them with expected numbers
based on a count of postcodes at similar
distances. Relative excesses of leukaemia and
solid cancers were found near oil refineries,
major oil-storage installations, railside oil
distribution terminals and factories making
bitumen products. There was no excess around
the six major UK benzene refineries. Substantial
quantities of volatile organic compounds are
discharged during painting of cars. There were
excesses of leukaemia and solid cancers around
31 car factories, and in the vicinity of coachbuilding and body-repair firms. There were no
excesses associated with brake or tyre
manufacture. Excesses were observed around
major users of petroleum products including
galvanizing plants, which use solvents for
metal-cleaning, spray painting contractors,
paint and varnish manufactures, fibreglass
fabricators, adhesive makers, factories
undertaking powder coating of metals and
factories making solvents other than
halogenated hydrocarbons. However, there
were no excesses associated with electroplating,
which involves solvent-based metal cleaning, or

manufacture of chlorinated hydrocarbons. In
view of the associations with car manufacture
and with galvanizing, proximity to industries
involving metal casting and refining was
considered. There were positive associations
with proximity to aluminium, zinc, iron and
steel casting, and steelworks, but not with
proximity to lead casting. Excesses were also
observed around some other installations
involving use of kilns and furnaces — power
stations, crematoria, cement works and
brickworks. However, there were no excesses
around potteries or gasworks. There were
associations with proximity to motorways,
railways, airfields and harbours. The findings
for leukaemias were similar to those for solid
tumours. The associations were stronger when
the birth addresses of cases were considered
than for the addresses at diagnosis. As in the
study of Knox (1994), suitable data on child
population denominators were not available. A
potential concern was that excesses would be
secondary to high population densities.
However, the population density around some
sites was low because the sites were recognized
potential hazards, and this also appeared to be
the situation around installations which were
less segregated, notably paper manufacturers,
soap manufacturers, cotton spinners and
weavers, brewers, mail-order firms and furniture
manufacturers. If such a pattern applied to the
other sites, it would dilute any excess observed.
However, an important limitation is the lack of
information about the relationship between the
date of diagnosis of the cases and the period of
operation of the installations.
In a multicentre study of ALL in the USA and
Canada during the period 1982-91, the relative
risk associated with reported exposure of the
index child to petroleum products was 1.4 in
comparison with controls with other types of
cancer, and 1.9 in comparison with controls
selected by random-digit dialling; neither of
these was statistically significant (Buckley et aL,
1994). The association appeared to be confined
to the pre-B-cell subtype.
In summary, no consistent association
between leukaemia and paternal occupational
exposure to hydrocarbons or benzene is
apparent. Maternal occupational exposure has
been less studied, but it is interesting that in
two out of three studies of ANLL, a positive
association with maternal occupational
exposure to hydrocarbons was found. No clear
association with residential proximity to
industrial sources of hydrocarbons has been
observed.

Exposure to chemicals and dusts
Traffic

Savitz and Feingold (1989), in а study whose
primary aim was to investigate the risks of
childhood cancer associated with residential
exposure to electromagnetic fields, found a
significant positive association (RR = 2.1, 95%
CI 1.1-4.0 based on 17 exposed cases) between
leukaemia and the passage of 500 or more
vehicles per day through the segment of the
street in which the subject lived at the time of
diagnosis or interview. This was similar to the
relative risk (1.7, 95% C1 1.0-2.8) observed for
all types of childhood cancer combined. The
association with total childhood cancer was
found only for children aged under 5 years at
diagnosis, and was much stronger for subjects
who lived in the same residence between birth
and diagnosis or interview, and for girls than
boys. There appears to have been a deficit of
controls of low socioeconomic status (NRPB,
1992). Such a deficit might have produced a
spurious association with a marker of low
socioeconomic status, such as residential traffic
density.
Wolff (1990) suggested that an alternative
explanation to population mixing (see Chapter
7) for excesses of leukaemia in new towns may
be locally higher exposure to benzene from
gasoline evaporation and car exhausts caused
by sudden local expansion in car ownership
and usage. Later, Wolff (1992) suggested that
greater use of cars might account for the
association of childhood leukaemia with high
socioeconomic status. In an analysis at county
level of data from a specialist registry of
haematopoietic malignancies covering a third
of England and Wales during the period
1984-88, Wolff (1992) found a significant
geographical correlation between the incidence
of ALL and other haematopoietic malignancies
diagnosed at all ages (i.e., including adults) and
the average number of cars per household
recorded in the 1981 census. He postulated that
benzene exposure encountered inside cars
during travelling and refuelling might account
for this. A rapid local expansion in car
ownership and usage would not readily explain
the excesses associated with increasing
proportions of servicemen in rural areas in
1950-53, when petrol rationing was still in
force, or why only increases in commuting in,
and not commuting out or absolute levels of
commuting, were associated with childhood
leukaemia (Kinien & Hudson, 1991; Kinlen et
al., 1991; see Chapter 7).
Alexander et al. (1996) investigated the
distribution of 438 cases of ALL diagnosed in

children in the period 1984-89 recorded iп the
same specialist registry in relation to car
ownership as recorded in the 1981 census at
electoral ward level. There was no association
between ALL and level of car ownership, either
overall or for ALL diagnosed at the ages of 1-7
years, defined to include the childhood peak.
The relative risk of ALL diagnosed at ages up to
14 years associated with residence in isolated
towns and villages compared with built-up areas
was 1.8 (95% CI 1.2-2.5), after adjustment for
the Carstairs index of deprivation and
proportion of households with no car. Thus,
levels of car ownership cannot explain th
increased rates of ALL observed in isolated areas.

Solvents
Lowengart et al. (1987) reported an increased
risk of childhood leukaemia associated with
paternal occupational exposure to chlorinated
solvents (Table 6.3). The risk was increased for
all of the exposure periods considered — one year
before pregnancy, during pregnancy, and after
delivery. In each of these periods, the reported
frequency of exposure of fathers who had ever
been exposed was greater for fathers of cases
than for fathers of controls. subsequently,
McKinney et al. (1991) reported positive
associations between paternal occupational
exposure to carbon tetrachloride or
trichloroethylene (trichloroethene) and childhood leukaemia and non-Hodgkin lymphoma.
These associations were apparent in all three
reference periods considered, but may have
been confounded by other occupational
exposures. In a study of leukaemia and nonHodgkin lymphoma in children and young
people born in West Cumbria whose fathers had
worked in the Sellafield plant, there was a
positive association with potential paternal preconceptional exposure to trichloroethylene (RR
= 1.8, 95% CI 0.2-17.5 for potential exposure of
more than 450.5 days compared with no
exposure), as assessed by interviews with
personnel who held jobs similar to those of the
fathers 0f cases and controls (Health and Safety
Executive, 1993). This association could not be
disentangled from an association with potential
exposure to tritium. Buckley et al. (1989b)
reported positive associations between ANLL
and paternal occupational solvent exposure,
apparent in each of the three reference periods
evaluated. In a study of leukaemia in Mexico
(Fajardo-Gutiënez et al., 1993а) and in a
multicentre study of ALL in the USA and
Canada (Buckley et al., 1996), a positive association with postnatal exposure of the index
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child to solvents was found. These observations
may be consistent with those relating to
paternal exposure, as chlorinated solvents have
been demonstrated in the exhaled air of workers
for many hours after exposure (Lowengart et aL,
1987).

No consistent association with maternal
exposure to solvents is apparent (Table 6.3).
Painters are commonly exposed to solvents
(IARC, 1989b). No consistent association
between leukaemia and paternal employment
categories including painters has been observed
(Fabia & Thuy, 1974; Hakulinen et al., 1976;
Kwa & Fine, 1980; Hemminki et al., 1981; Van
Steensel-Moll et al., 1985b; McKinney et a1.,
1987). Lowe gant et al. (1987) investigated the
association between leukaemia and parental
occupational and home exposure to paints or
pigments before, during and after pregnancy.
The specific types of exposure included in the
general category "paints or pigments" were
spray paints, other paints, dyes or pigments,
printing inks, lacquers or stains. Elevated risks
were observed for occupational exposure of the
fathers to spray paints during the index
pregnancy (RR = 2.2, p = 0.03), and after delivery
(RR = 2.0, p = 0.02), and for exposure to dyes
and pigments one year before pregnancy (RR =
3.5, p = 0.06), during pregnancy (RR = 3.0, p =
0.09) and after delivery (RR = 4.5, p = 0.03). For
each of these exposures, trends of increasing risk
with increasing frequency of exposure after the
birth of the index child were apparent. Data on
maternal occupational exposure were not
presented. The relative risk associated with use
of paints of lacquers in the home by one or both
parents during pregnancy and lactation was 1.4
(95% CI 0.8-2.6).

In a study of ALL in the Netherlands, there
was a positive association with reported
maternal occupational exposure to "paint,
petroleum products or other chemicals" during
pregnancy (RR = 2.4, 95% CI 1.2-4.6; Van
Steеnsеl-Moll et al., 1985b). In a multicentre
study of ANLL iп the USA and Canada, parents
were asked about occupational exposure to
paints or pigments before, during or afteI
pregnancy (Buckley et al., 1989b). The relative
risk associated with maternal exposure before
pregnancy was 2.3 (p < 0.08), during pregnancy
1.5 (р > 0.1) and after pregnancy 0.9 (p > 0.1).
The category included spray paints, other
paints, dyes or pigments, printing inks, lacquers
or stains, turpentine, paint remover, paint
thinner, lacquer thinner, and other paints or
pigments. Elevated relative risks were observed
for use of spray paints (RR = 3.0 for exposure of

>1000 days, p value for trend 0.03), turpentine
(4 mothers of cases exposed, no controls, p =
0.04), and paint thinners (RR = 4.0, p = 0.16).
The latter two associations were no longer
apparent when adjustment was made for
exposure to spray paints. No data were
presented on reported specific paternal
exposure to paints or pigments. Based on data
from a life-time occupational history, there was
a positive association with the father ever
having been employed as a painter (7 cases and
1 control father employed; RR = 7.0, p = 0.02).
In Woburn, Massachusetts (USA), two of eight
municipal wells servicing the community were
discovered to be contaminated with several
chlorinated organic compounds (Lagakos et al.,
1986). On systematic testing in May 1979 for 32
volatile organic compounds, trichloroethylene
(267 parts per billion), tetrachloroethylene (21
parts per billion) and chloroform (12 parts per
billion) were detected. These wells were then
closed. Trichlorofluoroethane (23 parts per
billion) and dichloroethyleme (28 parts per
billion) were also detected in water samples
taken several months later. Independently,
during site excavations for an industrial
complex located near the contaminated wells,
large pits of buried animal hides and chemical
wastes were discovered. A nearby abandoned
lagoon was found to be heavily contaminated
with lead, arsenic and other metals.
The closing of the wells and the discovery of
the waste sites occurred at about the same time
as there was publicity about the possible health
effects of another occurrence of environmental
contamination (the Love Canal incident), and
raised concern among residents of Woburn. In
late 1979, a citizens' group produced a list of
children diagnosed with leukaemia. Preliminary
investigation showed an excess of childhood
leukaemia in the period 1969-79; 12 cases were
observed, compared with 5.3 expected (OIE 2.3;
p given as 0.008, although this is difficult to
interpret in view of the local concern).
Subsequently, Lagakos et ai. (1986) obtained
information from state and hospital cancer
registries on 20 cases of leukaemia diagnosed at
the age of 19 years and under between 1964,
when the wells began pumping, and 1983. In
addition, a telephone sample survey was carried
out to obtain information on adverse pregnancy
outcomes and childhood disorders between
1960 and 1982 for women resident in Woburn
before 1979. It was estimated that the 5010
interviews completed represented 57% of the
town's residences with listed telephones. The
estimated annual proportion of the household's
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water from the contaminated wells was
compared between cases and non-cases
identified by means of the sample survey.
The excess incidence in East Woburn, near
the contaminated wells, was confirmed. There
was a positive association between childhood
leukaemia and inferred exposure to contaminated water, whether analysed as cumulative
exposure or any versus none. Comparison
between the residential history of cases and the
regional distribution of the population gave
very similar results. The risk to unexposed
individuals was similar between areas of
Woburn that never received water from the
contaminated wells, aid those that received a
varying amount of water from the
contaminated wells over time. The association
with contaminated water, if causal, would have
accounted for only about half the excess in
Woburn. Apart from the small size of the study,
a limitation is that water supply to the house
may not be the most appropriate indicator of
dose, since a substantial proportion of the
water consumed by cases may have been taken
at day-care centres or schools (Rogan, 1986).
Lagakos et al. (1986) noted that the excess
incidence in Woburn continued after 1979, but
in West rather than East Woburn. This weakens
the evidence for the excess in East Woburn
being due to contaminated well water. Kuzmack
(1987) noted that there was a marked social
difference between East and West Woburn. Iп
East Woburn, many of the families had lived
there for several generations; whereas in West
Woburn, the residents tended to be of higher
socioeconomic status and first-generation
residents who moved into newly developed
areas. As no information was given about the
timing or extent of population growth, it is
unclear whether this excess could be accounted
for by population mixing, as proposed in the
Kinlen hypothesis (see Chapter 7).

Metal dusts and fumes
A positive association between total reported
duration of paternal occupational exposure to
lead and ANLL was observed by Buckley et al.
(1989ъ). The fathers of 167 cases arid 173
controls reported no exposure, those of five
cases and five controls reported 1-1000 days of
exposure, and those of six cases but no controls
reported longer exposures (p value for trend =
0.03). A cumulative exposure measure,
calculated as a sum of exposure frequency by
job duration, did not show a stronger
association with the disease than duration
alone. Lead exposure was also classified as
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being due to direct use of the substance ox
working in the presence of others using the
substance. The trend for direct exposure was
not significant. In addition, the trend was not
significant when the analysis was restricted to
data from interviews completed directly with
the father. There was a positive association with
maternal occupational exposure to "metal dusts
and fumes", the odds ratio for 1-1000 days of
exposure being 4.0 (based on four exposed
cases and one exposed control), and for longer
duration of exposure 6.0 (six exposed cases and
one exposed control); the р value for trend was
0.02. Controlling paternal lead exposure for
maternal exposure to "metal dusts and fumes"
had little effect on the strength of association,
and vice versa.
Maternal occupational exposure to lead
during pregnancy was associated with an
increased risk of acute leukaemia (based on five
exposed cases) in a study in shanghai (Shu et
аТ., 1988); 30% of the cases had ANLL, but no
details were given as to the type of leukaemia in
the offspring of lead-exposed women. In this
study, the association with maternal
employment in metal refining and processing
during pregnancy appeared to be specific to
ANLL (odds ratio = 4.6, 95% CI 1.3-17.2, five
exposed cases). This would be consistent with
Buckley et al.'s (1989b) finding of a positive
association with maternal exposure to metal
dusts and fumes.
In the multicentre study of ALL in the ц5А
and Canada described earlier, raised relative
risks associated with maternal exposure to
molten metals were observed for the null-cell
and T-cell subgroups (luckley et aL, 1994). A
raised relative risk associated with paternal
exposure was observed for the T-cell subtype.
In the ecological study in Great Britain of
Knox and Gilman (1997) described above, there
was no association between leukaemia and
proximity of residence to industrial facilities in
which lead casting was carried out, but there
were positive associations with proximity to
aluminium, zinc, iron and steel casting and
steelworks.
As described in Chapter 2, Alexander et al.
(1990а) found significant localized clustering of
childhood cancer in North Humberside,
England, some of which was in an area about
which there had been local concern about
clustering. The community had suggested
various explanations, including attendance at
particular schools, emissions from a tin smelter
stack, and exposure to dust from a cement
works. However, there was no evidence that

Exposure to chemicals and dusts

clustering was confined to this area. Although
an excess of childhood leukaemia was found in
the catchment area of one of the two schools
attendance at which was postulated to increase
risk, two of the three cases were in pre-school
children. Ratios of observed to expected

numbers of cases within circles of various radii
located around the tin smelter stack were close
to unity for leukaemia. For other malignancies,
excesses were apparent both very close to the
stack and approximately 7 km from it. The
cement works was very close to the tin smelter,
so the results of the foregoing analysis were
considered to apply equally well to the cement
works.
Wulff et al. (1996) investigated the incidence
of cancer among children born between 1961
and 1990 in the vicinity of a smelter situated in
the northern coastal region of 5wедеn. The
smelter emitted lead, arsenic, copper, cadmium
and sulfur dioxide. Cancer was diagnosed in 13
children whose mothers lived within a radius of
20 km of the smelter at the time of the child's
birth, compared with 6.7 expected on the basis
of national rates (standardized incidence ratio
(5IR) = 1.95, 95% CI 0.88-3.00). The incidence
of childhood cancer was also investigated in
parishes more than 20 km from the smelter
within the municipality, and in a parish in
another municipality which was considered to
be a similar area in terms of its geographical
and socioeconomic characteristics, but without
environmental pollution from the smelter. In
these areas, the SIR of childhood cancer was
1.00 (95% CI 0.7-1.3). Meanparental ages and
parity did not differ between the groups. Only
one parent, a father, of the cases born in the
neighbourhood of the smelter had worked
there. None of the parents of cases in the
reference areas had worked in the smelter.
About a third of the cases in the exposed and
reference areas had leukaemia.

Industrial pollutants of all types
Seveп cases of ALL occurred between 1983
and 1985 among children who lived in
Carbonia, Sardinia (Italy) (Cocci et al., 1996).
Concern that this apparent excess might be
attributable to pollution from a large industrial
complex 10 km from the town led to a study of
9 cases diagnosed in the period 1980-89 and 36
age--sex-matched controls selected from the
birth register of Carbonia municipality. Ni
statistically significant associations were found.
The industrial area in the vicinity of Carbonia
includes a coal- aid oil-fired plant, a lead and
zinc foundry, an aluminium plant and an

aluminium sheet production facility (Cocci et
al., 1993). Relative risks of about 4.0 were
associated with the presence of a well in the
backyard, parental origin outside Carbonia and
use of therapeutic drugs in pregnancy. No
information was available about possible
chemical contamination of local groundwater,
but this was thought to be unlikely, as the
authorized industrial waste disposal sites were
located in a watershed which did not include
the town. In addition, none of the study
subjects reported that they used the wells as a
source of drinking water. A study of the
distribution of industrial emissions from the
complex suggested that concentrations of
industrial pollutants which would have reached
the town during the period relevant for the
cases diagnosed between 1983 and 1985 would
have been negligible.

Wood dust
In a study of childhood leukaemia and nonHodgkin lymphoma combined, there was a
positive association with maternal occupational exposure to wood dust before the
conception of the index child (RR = 3.0, 95% CI
1.0-10.2, based on 14 discordant pairs)
(McKinney et al., 1991). Few women were
exposed during pregnancy or after the birth of
the index child. Relative risks for paternal
occupational exposure to wood dust were: in
the preconceptional period 2.7 (95% CI
1.4-5.2, 46 discordant pаiтs), in the periconceptional and gestational period 1.7 (95% CI
0.6-26.9, 30 discordant pairs), and postnatally
1.5 (95% C1 0.8-2.8, 43 discordant pairs).
In the multicentre study of ALL in the USA
and Canada already described, the relative risk
associated with the index child's exposure to
dust was 1.4 (p < 0.05) in the comparison with
controls with other types of cancer, and 2.3 (р <
0.01) in comparison with controls selected by
random-digit dialling (Buckley et al., 1994).
This excess was apparent for the pre-B-cell and
Т-се11 subtypes. In the latter subgroup, the
relevant dust was most commonly recorded as
wood dust (seven cases) or talc (three cases).
Buckley et al. (1989b) found that six mothers
of cases of ANLL and two mothers of controls
had reported exposure to sawdust before or
during pregnancy.

Insulation materials
In the multicentre study of ANLL in the USA
and Canada already described, an inverse
association of borderline statistical significance
with maternal occupational exposure to
193
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insulation materials was found (Buckley et al.,
1989b); this was largely accounted for by five
control mothers who reported prolonged
exposure to asbestos. No association with
paternal exposure was reported. In a study of
leukaemia in Los Angeles, there was no
association with maternal or paternal exposure
to insulation materials (London et aL, 1991).

Bracken spores
Evans and Galpin (1990) suggested that
bracken spores might explain the observations
of leukaemia clusters i young people near
actual or potential sites of nuclear installations,
on the grounds that such sites tend to be in
remote and uncultivated areas where bracken
might be expected to flourish. Cook-Mozaffari
et al. (1990) divided the 90 districts in England
and Wales that had some part within 16 km of
such a site according to the degree of cover by
vegetation complexes in which bracken is
likely to be common (acid grassland, heather
moorland, woodland or heath). Only 36
districts were in areas where bracken cover was
probably moderate or extensive. Only 25% of
the population living in districts near to
existing or potential sites of nuclear
installations were resident in these 36 districts,
a similar proportion to the value for England
and Wales as a whole (240/i). An additional
analysis related to all 400 districts of England
and Wales, which were classified according to
their probable level of exposure to bracken
spores (defined as `slight', `some', 'moderate' or
'extensive'). There was no association between
probable level of exposure and leukaemia
mortality at ages 0-24 years. This absence of a
relationship was also evident when the 90
districts adjacent to actual or proposed sites of
nuclear installations were excluded from the
analysis. Trotter (1990) noted that the validity
of the study may have been limited by the use
of a measure of potential exposure only and
did not take account of prevailing winds which
are an important influence on the geographical
distribution of the spores. It may be relevant
that the highest incidence of childhood
leukaemia reported in international data has
been from Costa Rica (Linet & Devesa, 1991).
In that country, the standardized incidence of
gastric and oesophageal cancer is almost three
times greater in parts of the country where
bracken (and haematuria in cattle) is common
than elsewhere, and the authors suggested that
carcinogens derived from bracken were
consumed in milk (Vi11аlоbos-Sаlazar et al.,
1989).
194

Lymphoma
In a study of childhood cancer of all types in
Denver, Colorado (UsA), there was a
statistically significant association between
lymphomas and treatment of the home by a
pest exterminator during the period between
birth and two years before diagnosis (RR = 1.8,
95% CI 1.1-2.9; Leiss & Savitz, 1995). There was
also a raised relative risk for the period from
two years before diagnosis until diagnosis (RR
1.6, 95% CI 0.9-2.9), but not with treatment of
the home in the last three months of
pregnancy. No association was found with
treatment of the area around the home with
insecticides or herbicides, or with use of pest
strips.
On the basis of this study, and of studies of
lymphoma in adults which suggested a positive
association with exposure to phenoxy acids
used in grain farming and forestry, Kristensen et
a1. (1996) investigated the offspring of parents
engaged in agricultural activities in Norway.
There was no association between Hodgkin's
disease aid residence on a grain farm or on a
farm with pesticide spraying equipment as
recorded on a census; the relative risk associated
with residence on a farm with 2.5 hectares or
more given over to forestry was 1.6 (95% CI
0.9-2.6). An unexpected association with
chicken farming was observed. There was no
association between non-Hodgkin lymphoma
and residence on a grain farm or one with at
least 2.5 hectares given over to forestry. The
relative risk associated with pesticide purchase
was 1.7, the risk increasing with higher levels of
expenditure (p value for trend = 0.04). The
increase was largely restricted to farms involved
in horticulture, suggesting a relationship with
insecticides rather than phenoxy herbicides.
Data specifically on lymphoma and parental
occupational exposure have been presented in
only two studies (McKinney et al., 1987;
Magnani et al., 1990). In the study of McKinney
et aL (1987), four out of 63 fathers of cases, but
no fathers of controls, worked in furnaces,
forges or foundries. An elevated relative risk
(8.5, 95% CI 1.3--55.1) also was observed for
paternal employment in textile work. In the
study of Magnani et al. (1990), which included
19 cases of non-Hodgkin lymphoma and 307
hospital controls, there were positive
associations with paternal employment as a
construction worker or lorry driver, and
maternal employment as a high-school teacher
or baker or confectioner. The relative risks
varied according to the period considered (up. to
child's birth or between birth and diagnosis).

Exposure to chеmicais and dusts

Central nervous system tumours
Pesticides
Pesticides (insecticides, fungicides and
herbicides) have high biological activities
(IARC, 1991). Derivatives of urea and carbonic
acid in herbicides and insecticides can react
with nitrite in the stomach to form N-nitroso
compounds (Inskip et al., 1995). Therefore,
exposures to these compounds are of particular
interest in relation to the N-nitroso hypothesis
(see Chapter 1) for the etiology of brain tumours
in children.
In a study of brain tumours in Baltimore,
Maryland, Gold et aI. (1979) reported that insect
extermination was more common in the homes
of cases of brain tumour between birth and
diagnosis than in those of population controls
(RR = 2.3, 95% CI 0.9-6.6) but not than in those
of controls with other types of cancer (RR = 1.2,
95% CI 0.5-2.8). In six out of eight subsequent
studies of brain turnours of all types combined,
a raised relative risk associated with intrauterine
or postnatal pesticide exposure has been
observed (Table 6.4). No association was
observed in the three available studies of
astrocytoma, or the one study of primitive пеuroectodermal tumours of the brain. It is difficult
to assess the extent that methodological factors,
such as low statistical power to detect an
association with an exposure of low prevalence,
may account for the inconsistent results, since
in some reports only brief details were given. .
In a cohort study of offspring of men and
women employed in agricultural work in
Norway, the relative risk of brain tumours
diagnosed at ages up to 14 years associated with
pesticide purchase as recorded in the census was
1.7 (95% C1 1.1-2.6), based on 41 exposed cases,
and adjusted for year of birth and calendar year
(Kristensen et al., 1996). The corresponding
relative risk of non-astrocytic neuroepithelial
tumours in children was 3.8 (95% CI 1.6-6.9).
This increase in risk was not restricted to
specific types of farming. As pesticide purchase
is a crude indicator of exposure, and only
information on purchases in the year preceding
the 1969 census was available, considerable misclassification is likely to have occuned. This
would have be expected to have biased the
relative risks towaids unity. In this cohort, the
relative risk of brain tumours diagnosed in the
offspring at all ages associated with pig farming
was 1.6 (95% CI 1.2-2.2), with chicken firming
1.3 (95%CI 0.9-1.9), grain farming 1.3 (95% CI
1.0-1.8) and horticulture 1.3 (95% CI 0.9-1.8).
In other studies, no consistent association with

paternal employment in agriculture has been
observed (Fabia & Thuy, 1974; Hemminki et al.,
1981; Wilkins & Koutras, 1988; Wilkins & Sinks,
1990; Kuijten et al., 1992). A positive association
between farming and brain tumours in adults
has been reported in several studies (Thomas &
Waxweilex, 1986; Brownson et aI., 1990; Inskip
et al., 1995).

The observation in the Norwegian study that
associations with indicators of pesticide
exposure were stronger for non-astrocytic
epithelial tumours than for all brain tumours
combined appears to be compatible with the
results of the case—control studies, which
suggest that the relationship between pesticides
and brain tumours is not accounted for by
asteocytoma.

Occupational exposure to N-nitroso
compounds
In one study (Wilkins & Sinks, 1990),
occupational exposure to nitrosamines,
nitrosamides, nitrosatable amino compounds
and compounds with a chemical structure
similar to that of the N-nitroso group was
inferred according to the job—exposure matrix
of Hoar et al. (1980). The prevalence of inferred
moderate to heavy exposure of the father to any
such chemical was rarely higher than 4% in the
preconceptional period or during pregnancy,
and never exceeded 17% in the postnatal
period. The prevalence of inferred exposure of
the mother to such chemicals was lower still.
Relative risks of about З or 4 were observed for
paternal postnatal inferred exposure to aromatic
amino and aromatic nitro compounds. These
compounds have not been associated with
nervous system tumours in experimental
animals (Wilkins & Sinks, 1990).
High-level exposures to exogenous N-nitroso
compounds can occur in certain workplaces,
notably the rubber, leather, metal and chemical
industries, in mining, in pesticide aid detergent
production, and in fish factories (Preussman,
1984). No consistent association between
tumours of the CNS and paternal employment
in categories including the rubber and chemical
industries has been observed (Johnson et al.,
1987; Wilkins & Koutras, 1988; Birch et al.,
1990b; Wilkins & Sinks, 1990; Olsen et al., 1991;
Kuijten et at., 1992). No clear association with
paternal employment categories potentially
involving exposure to metals is apparent
(Wilkins & Koutras, 1988; Wilkins & Sinks,
1990; Kuijten et al., 1992). In one study, the
relative risk of CNS tumours associated with
paternal employment in soap factories around
195
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the time of conception was 14.1 (p < 0.01, based
on three exposed cases; Olsen et al., 1991). Thus
the available data on paternal occupation do not
provide consistent support for the N-nitroso
hypothesis, but as the data relate to inferred
exposure, they do not refute it. The data on
maternal occupation are too limited to consider
in relation to this hypothesis.

Paternal employment in the aerospace
industry
In a study of 92 cases of brain tumours
diagnosed under the age of 10 years compared
with a mixture of friend and neighbourhood
controls, a positive association with paternal
employment in the aircraft industry during
pregnancy or at the time of diagnosis (12 exposed
cases, 2 exposed controls) was found (Peters et aI.,
1981). This association was not confounded by
maternal pattern of food consumption, drug and
alcohol use during pregnancy, or smoking habits.
The specific occupations of the father, the
exposures reported, and the types of brain tumour
observed were diverse. Subsequently, Olshan et al.
(1986) carried out a study of 51 cases of brain
tumour and 142 matched controls selected by
random-digit dialling in western Washington
State, an area where a relatively high proportion
of the workforce is employed in the aerospace
industry. Overall, no association was apparent
with paternal employment in the industry for at
least six months before the diagnosis of the index
case. However, for cases diagnosed under 10 years,
a relative risk of 2.1 (95% CI 0.8-5.6) was
observed, based on eight exposed cases, while for
cases aged 10-15 years, the relative risk was 0.1
(95% CI 0.01—L1), based on one exposed case. A
similar pattern was apparent when the definition
was restricted to employment in aircraft
manufacture. In a study of deaths due to CNS
tumours in Texas, no association with paternal
employment iп the aircraft industry at the time of
the child's birth was found Qohnson et al., 1987).
In a large study in New York State, no association
was found between CNS tumours and paternal
employment in the aircraft industry either at the
time of the index child's birth or diagnosis (Nasca
et al., 1988). However, few fathers of control
children had worked in the industry, and
therefore the statistical power to detect an
association was low.

Hydrocarbons
No consistent association between brain
tumours and paternal occupational exposure to
hydrocarbons has been observed (Table 6.5). In
the two studies of brain tumours in which

maternal exposure during pregnancy was
considered, there was rio clear evidence of an
association with hydrocarbons (Wilkins & Sinks,
1990; Bunin et al., 1994b).
In a study in Denver, Colorado (Savitz &
Feingold, 1989), the relative risks of brain tumours
associated with exposure to passage of 500 or
more vehicles per day through the segment of the
street in which the subject lived at the time of
diagnosis or interview was 1.7 (95% CI 0.8-3.4).
This was similar to the relative risk observed for
total childhood cancer. As already discussed, it
appears that there was a deficit of controls of low
socioeconomic status (NRPB, 1992). Such adeficit
might have produced a spurious association with
a marker of low socioeconomic status, such as
residential traffic density.

Other associations
Peters et al. (1981) reported a positive
association between brain tumours in children
aged under 10 years and maternal exposures to
chemicals during the period from one year before
conception until the end of lactation; for skin
contact, the relative risk was 3.3 (13 discordant
pairs, p = 0.05), for inhalation, the relative risk was
3.0 (16 discordant pairs, p = 0.04), and for
exposure by one or both of these routes, the
relative risk was 2.8 (19 discordant pairs, p - 0.03).
In an extension of this study in which cases
between 10 and 24 years old were also included,
the relative risk associated with maternal
employment during pregnancy in jobs for which
they wore protective clothing or equipment was
4.0 (15 discordant pairs, p = 0.02; Preston-Martin
et al., 1982).

Neuroblastoma
In two studies of neuroblastoma, paternal
occupations involving potential exposure to
chemicals and dusts at the time of the index
child's birth were investigated (Spitz & Johnson,
1985; Wilkins & Hundley, 1990). No consistent
association was identified.
In a cohort study of the offspring of men and
women employed in agricultural work in Norway,
the relative risk of neuroblastoma diagnosed at
ages up to four years associated with growth of
field vegetables on the farm at the census closest
to the year of birth was 2.5 (95% CI 1.0-6.1),
based on seven exposed cases and adjusted for
year of birth and calendar year (Kristensen et al.,
1996).

In a case—control study primarily intended to
investigate an increased incidence . of
neuroblastorna in parts of the former West
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cases, and adjusted for year of birth and calendar
year (Kristensen et al., 1996). Only two of the four
cases had rеtinоыаstoma.

Germany which were highly contaminated by
fallout from the Chernobyl accident (see Chapter 4),
a positive association with occupational
exposure of either parent to insecticides or
pesticides was found (RR = 4.2, 95% CI 1.4-12.9;
Michaelis et al., 1996). This may have been a
chance finding, as there was no а priori
hypothesis about this exposure and extensive
exploratory analysis was carried out. The study
was based on postal questionnaires returned by
the parents of 67 cases and 120 age—sex-matched
controls selected from local population registries;
the participation rate of parents of cases was 84%
and that of parents of controls 79%.
Neuroblastoma has not consistently been
associated with paternal employment in
agricultural work (5pitz & Johnson, 1985; Bunin
et al., 1990b; Wilkins & Hundiey, 1990) or with
level of farming activity in the area of residence
at the time of diagnosis (Davis et a1., 1987).

Welding
In the multiceotre study of retinoblastoma
described already, a positive association between
the non-heritable form of retinoblastoma and
paternal preconceptional employment in jobs
involving welding, machining and paperprocessing (cluster б of Hsieh et al., 1983) was
observed (RR = 4.0, 95% CI 1.1-22.1) (Bunin etal.,
1990а). An elevated risk also was observed for the
sporadic heritable form of the disease, and for
other definitions of occupations involving
exposure to metals.
Bonde et al. (1992) investigated the offspring of
a cohort of 27 071 Danish men who had been
employed for a year or more in Danish steel or
mild steel manufacturing companies during the
period 1964-84, as identified from records of the
national pension fund. A total of 26 529 liveborn
children contributing 233 810 person-years of
observation was identified from the national
population register. Cases of cancer were
Identified by linkage with the national cancer
registry. Two cases (2.6 expected) of childhood
cancer were observed among 1774 offspring
(17254 person-years) of fathers verified as having
been employed in stainless steel welding before
conception, four cases (4.3 expected) among 2764
children (29 077 person-years) whose fathers had
been employed in mild steel welding only, and
four cases (2.7 expected; RR = 1.5, 95% CI =
0.5-3.6) among 1867 children (18 057 personyears) whose fathers were verified as not having
been involved in welding. Among the 16 489
offspring (183 866 person-years) whose fathers
included metalworkers with unverified job title or
department, other production workers, and whitecollar workers, the relative risk of childhood
cancer was 0.97 (26 expected cases). However, four
cases of retinoblastoma occurred (1.15 expected;
RR = 3.5, 95% CI 1.1-8.4). These cases were not
related to one another.

Retmoblastoma
Pesticides
In a multicentre study in the USA and Canada of
retinoblastoma, fathers were asked about military
service, specifically in Viet Nam, and exposure to
herbicides (Bunin et al., 1990a). In the analysis of
67 sporadic heritable cases, defined as having
bilateral disease without family history or
unilateral disease associated with a 13q deletion
but no family history, a significant association
with paternal military service was found (RR = 2.8,
95% CI 1.1-8,8). When the timing of military
service was known, this occurred with one
exception in the preconceptional period; the
timing was unknown for three subjects. Seven
case and five control fathers had served in southeast Asia. Two case fathers and one control father
reported exposure to Agent Orange or other
herbicides, while four case fathers and one control
father reported taking malaria prophylaxis. No
association (RR = 0.6, 95% CI 0.3-1.2) with
military service was observed for the nonheritable form of the disease, that is unilateral
disease without family history of the disease or a
constitutioпaI 13q deletion. Grandpaternal
employment in farming (cluster 13 of Hsieh et al.,
1983) was associated with the non-heritable form
of the disease (RR = 10.0, 95% CI 1.4-433).
In the offspring of men and women employed
in agricultural work in Norway born during the
period 1952-91, the relative risk of eye cancer
associated with growth of field vegetables and
pesticide purchase as recorded in the 1969 census
was 3.2 (95% CI 0.9-10.9), based on four exposed

Wilms' tumour
Hydrocarbons
No consistent association between Wilms'
tumour and paternal occupational exposure to
hydrocarbons has been observed (Table 6.6). Iп
addition, in the one available study of maternal
occupational exposure to hydrocarbons of all
types combined, no statistically significant
association was observed (Bonin et al., 1989b).
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Lead
Kantor et al. (1979) reported a positive
association between Wilms' tumour and
paternal occupational exposure to lead (RR =
3.4, 95% CI 1.3-8.5; unmatched analysis of
matched data). This raised interest in the
possible role of occupational exposure to metals
in the etiology of Wilms' tumour. In three
subsequent studies, the association between
paternal exposure to lead and Wilms' tumour
was not confirmed (Wilkins & S1пks, 1984а,Ь;
Bunin et aI., 1989b; Dlshan et a1., 1990).
Kristensen and Andersen (1992) investigated
the offspring of men who were members of the
Oslo unions of printers. 33 (39.2 expected) cases
of cancer were ascertained among 12 440
children (193 406 person-years) born in the
period 1950-87 and traced by means of linkage
with the Norwegian cancer registry during
1965-87. One of the cases had a renal tumour.
The standardized incidence ratio associated
with paternal exposure to lead for cancer of any
type developing in children aged up to 14 years
was 0.8 (3 exposed cases, 95% CI 0.2-2.3), while
that for children aged over 14 years was 1.4 (9
exposed cases, 95% CI 0.6-2.6). For fathers
exposed to lead and solvents, the standardized
incidence ratios were 0.3 (one exposed case,
95% CI 0.0-1.4) and 0.6 (five exposed cases,
95% C1 0.2-1.4), respectively.
Positive associations between Wilms' tumour
and paterпaI employment as a welder or in
other occupations possibly involving exposure
to metals have been reported in a few other
studies (Bunin et al., 1989b; Olshan et al., 1990;
Olsen et al., 1991; Sharpe et al., 1995). However,
in one of these, there was no association
between Wilrns' tumour and groups of
occupations in which there was potential heavy
exposure to metals (Bunin et aI., 1989b).

Boron
Iп a study of 62 cases with Wilms' tumour and
124 controls in which the job-exposure linkage
system of Hoar et al. (1980) was applied, relative
risks of 3.5 or more were observed for 24 of 298
agents which could be evaluated (Wilkins &
Sinks, 1984а). The only agent for which the
association was statistically significant was
boron (7 exposed cases; RR = 3.5, 95% CI

1.02-15.1).
In a multicentre study of Wilms' tumour in
the USA (Olshan et al., 1990) a job-exposure
matrix, based on a survey of over 4000
workplaces in the ц5А by a team of engineers
(Sieber et al., 1991), was used. The odds ratio for
boron exposure during the preconceptional

202

period was 1.4 (95% CI 0.5-3.$; 11 exposed
cases), during pregnancy 1.9 (95% CI 0.5-6.7; 6
exposed cases) and postnatally 2.4 (95% CI
0.6-9.6; 6 exposed cases). These were little
changed by adjustment for household income,
the major confounding factor identified. A
limitation of the study is the low participation
rates (52% of eligible subjects in case and
control groups).
Using the matrix of Hoar et al. (1980), Bunin
et a1. (1989b) observed that five of 28 fathers of
cases with Wilms' tumour of the 'genetic' type
(defined as bilateral disease or associated with
nephroblastomatosis) were potentially exposed
to boron in the preconceptfonal, gestational or
postnatal periods, whereas no control fathers
were exposed; this difference was associated
with a p value of 0.07. No association was
apparent for 42 'non-genetic' cases (defined as
unilateral disease without nephroblastomatosis
and without a Wilms' tumour-related anomaly);
the numbers of prenatally exposed subjects
were not specified. As already discussed, the
subclassification of cases now appears to be
invalid (see Chapter 3).
Thus, there is a consistent association in three
studies from the USA between Wilms' tumour
and inferred paternal occupational exposure to
boron. As no assessment of specific exposure to
boron was made in any of the studies, the
evidence for an association with boron is weak,
particularly as multiple statistical testing was
carried out. The association does not appear to
have been investigated in other studies.

Pesticides
Iп a multicentre study in the USA of 200 cases
of Wilms' tumour and 233 matched controls
selected by random-digit dialling, the relative
risk associated with at least one household
extermination for insects or pesticides in the
three years preceding diagnosis was 2.2 (95% CI
1.2-3.8; Olshan et ai', 1993). The analysis was
based on questionnaires obtained for just over
50% of potentially eligible subjects, so the
possibility of selection bias cannot be excluded.
High rates of Wilms' tumour have been
observed in Brazil (Stiller & Parkin, 1990b). In
an investigation intended to explore possible
reasons for these high rates, parents of 109 cases
of Wilms' tumour admitted to hospitals in four
cities in Brazil during the period 1987-89 and
218 age- and sex-matched control children
admitted to the same or nearby hospitals for
treatment of non-neoplastic diseases were
interviewed (Sharpe et a1., 1995). The relative
risk of Wilms' tumour associated with the father

Exposure to chemгcа2s and dusts

having worked on the farm and having been
exposed to pesticides there compared with no
farm work was 3.9 (95% CI 1.3-11.1), after
adjustment for income and education. The
relative risk associated with the father having
worked on a farm without pesticide exposure
was 1.3 (95% CI 0.6-2.7), again adjusted for
income and education; the corresponding
relative risk for the mother was 1.2 (95% CI
0.6-2.3). The relative risk, adjusted for income
and education, associated with the mother
having worked on a farm with exposure to
pesticides was 3.1 (95% CI 0.9-10.9). Paternal
and maternal exposures to pesticides were
correlated. The risk elevations were more
pronounced among boys than among girls. The
educational level and income of parents of cases
was substantially higher than that of controls.
Many of the diseases for which controls were
undergoing treatment were of types which tend
to occur among the poor living in unsanitary,
crowded conditions, e.g., pulmonary tuberculosis and amoebic dysentery. Therefore, it is
possible that the association with pesticide
exposure is, at least in part, an artefact of the
source populations of cases and controls being
different.
In the offspring of men and women who
worked in agriculture in Norway, Wilms'
tumour was related to living on a farm with
orchards or greenhouses, as recorded at the
census closest to the year of birth (RR = 4.8,
95% CI 1.6-14.7), adjusted for year of birth and
calendar year (Kristensen et a1., 1996). In
addition, in the subset of subjects covered in
the 1969 census, there was a positive
association with résidence on a farm with
pesticide spraying equipment (RR = 2.5; 95% CI
1.0-'6.6; adjusted for year of birth and calendar
year). For subjects with both of these exposure
indicators, the relative risk was 8.9 (95% CI
2.7-29.5; adjusted for year of birth and calendar
year).
Paternal employment in agriculture has not
consistently been associated with Wilms'
tumour (Kantor et aL, 1979; Wilkins & Sinks,
1984Ь; McDowall, 1985; Olshan et al., 1990).

to a solvent or cleaning agent 1.0, and to plastic
materials 1.5. The corresponding relative risks
associated with paternal lifetime exposure were
1.9 (0.05 < p < 0.1), 1.5, 1.1 and 0.7. In this
study, eight case mothers and one control
mother reported occupational exposure to
metals, welding or soldering (RR = 8.0, 95% C1
1.5-148.4). Most of these exposures occurred
before and/or during the index pregnancy. The
relative risk associated with paternal exposure
to metals was 3.0 (p < 0.05); there was no
association specifically with welding or
soldering. The metals involved in both
maternal and paternal exposure were diverse.

Osteosarcorna
In a case-control study of 130 cases of
osteosarcoma diagnosed at ages up to 24 years
and a similar number of age-sex-matched
controls selected from birth certificates in New
York State, no associations were found with
parental occupations during the lifetime of the
index subject (Gelberg etaL, 1997). Ina study of
61 cases of osteosarcoma diagnosed at similar
ages in Los Angeles and 124 friend and
neighbourhood controls, the relative risk
associated with the mother having worked in
manufacturing industry from the year before
pregnancy until the child's birth was 3.8 (95%
CI 1.3-11.2; Operskalski et at., 1987). Among
the case mothers, 8% reported occupational
chemical exposures compared with 5% of the
control mothers.
In the offspring of parents engaged in
agricultural activities in Norway, osteosarcoma
was associated with chicken farming as
recorded at the census closest to the year of
birth (RR = 2.9, 95% CI 1.4-6.1), adjusted for
year of birth and calendar year (Kristensen et al.,
1996).

Ewing's sarcoma
In both of the available studies, a positive
association with paternal employment in
agriculture was observed (Holly et al., 1992;
Winu et al., 1992). In the study of Winn et at.
(1992), a multicentre investigation in the USA
and Canada of 208 cases diagnosed at ages up to
22 years and a similar number of controls
selected by random-digit dialling, the relative
risk of paternal employment on a farm
compared with white-collar work during
pregnancy was 2.2 (95% C1 0.7-6.5), and that
with the usual employment of the father being
in farming was 3.1 (95% CI 0.9-9.5). In the

Hepatoblastoma
In a study of hepatoblastoma, exposures to
chlorinated hydrocarbons were considered
because they were thought to be potentially
hepatotoxic (Buckley et al., 1989a). The relative
risks associated with the mother ever having
been exposed to oil or coal products was 3.7 (p
<0.05), to paints or pigments also 3.7 (p < 0.05),
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emitted chemical pollution was associated with
a relative risk of 3.3 (95% CI 0.5-22). There was
no association with reported exposure to fumes,
dust or waste. The relative risk associated with
exposure during childhood to chemicals other
than rodenticides or pesticides was 3.2 (95% CI

other study, based on 43 cases diagnosed at ages
up to 31 years in the San Francisco Bay area and
193 controls selected by random-digit dialling,
the relative risk for children whose fathers were
engaged in agricultural occupations during the
period from six months before conception up to
diagnosis was 8.8 (95% C1 1.8-42.7), adjusted
for history of poisoning or overdose of
medication of the study subject, area of
residence, year of birth and family income
(Holly et aL, 1992). All seven fathers of cases,
compared with three of the five fathers of
controls who worked in these occupations,
reported occupational exposure to herbicides,
pesticides or fertilizers (RR = 6.1, 95% CI
1.7-21.9; adjusted as above). Home exposure to
pesticides also was considered in this study. The
relative risk associated with professional pest
extermination in the home during pregnancy
was 0.3 (95% CI 0.0-2.1), and that for the
corresponding exposure during the lifetime of
the index child was 0.6 (95% CI 0.3-1.2).

1.1-9.2).

Conclusions
In most studies, a positive association between
leukaemia and postnatal exposure of the index
child to pesticides has been observed. Positive
associations have been observed with maternal
and paternal occupational exposure to pesticides
in some, but not all, studies. The possibility that
these associations may be due to confounding
by patterns of infection which may be associated
with population mixing cannot be excluded.
No consistent association between leukaemia
and paternal occupational exposure to
hydrocarbons or benzene is apparent. The effects
of maternal occupational exposure have been
less studied. In two out of three studies of ANLL,
a positive association with maternal
occupational exposure to hydrocarbons was
observed. No clear association with residential
proximity to industrial sources of hydracarbons, and no consistent association with
measures of exposure to vehicle exhaust, has
been observed.
In all three studies in which paternal exposure
to solvents was investigated, a positive
association was found. In two other studies,
postnatal exposure of the index child was
studied, and again a positive association was
found.
In two studies in which data specifically on
ANLL were presented, a positive association with
reported maternal occupational exposure to
metals was found.
In most studies of brain tumours of all types
combined, a positive association with intrauterine or postnatal exposure to pesticides has
been observed. No association was observed in
three case—control studies of astrocytoma. It is
possible that the association is confined to other
types of brain tumour. This is suggested by the
results of a cohort study in which exposure data
were obtained from censuses. In the one
available case—control study of primitive пеuroectodermal tumours of the brain, no
association with household exposure to
pesticides was found. The associations with
pesticide exposure may be compatible with the
hypothesis that childhood brain tumours are
caused by exposure to N-nitroso compounds.

soft-tissue sarcoma
In a study of childhood cancer of all types in
Denver, Colorado (USA), there was a positive
association (RR about 4) between soft-tissue
sarcoma and treatment of the area around the
home with insecticides or herbicides during the
lifetime of the index child (Leiss & Savitz, 1995).
No association was found with use of home pest
extermination or pest strips. Iп a small
exploratory study (33 cases, 99 controls selected
from birth certificates) of rhabdomyosarcoma in
North Carolina, the relative risk associated with
childhood exposure to pesticides was 1.5 (95%
CI 0.4-6.5) and that associated with exposure to
rodenticides was 1.0 (95% CI 0.1-9.9)
(Grufferman et al., 1982).
On the basis of the study of Leiss and Savitz
(1995), and of studies of soft-tissue sarcoma in
adults which suggested a positive association
with phenoxy acids used in grain farming and
forestry, Kristensen et al. (1996) investigated the
offspring of men and women engaged in
agricultural work in Norway. No association
between soft-tissue sarcoma and residence on a
grain farm, on a farm with 2.5 hectares or more
given over to forestry or on a farm with pesticide
spraying equipment as recorded on the census
was found. The use of such crude indicators of
exposure would have been likely to bias the
relative risks towards unity.
In the small study of rhabdomyosarcoma
described above, Grufferman et al. (1982)
reported that residence near a factory that
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No clear association with the father working
in industries or occupations with high levels of
inferred exposure to N-nitroso compounds is
apparent. No consistent association with
paternal occupational exposure to hydrocarbons has been observed.
Two recent studies were suggestive of an
association between neuroblastoma and
parental occupational exposure to pesticides.
This does not appear to be attributable to
residence in agricultural areas or paternal
employment in agricultural work.
In three studies in which associations
between Wilms' tumour and household or
parental occupational exposure to pesticides
was investigated, a positive association was
found. In two of these, selection bias may have
occurred, and might have led to
overestimation of the relative risks. In the
third, the marker of exposure was crude; this
would have been expected to bias the relative
risk towards unity.
There appears to be a consistent association
between Wilms' tumour and paternal
employment as a welder or in other
occupations possibly involving exposure to
metals. An early finding that this was specific
to lead was not confirmed in other studies. In
the three studies in which inferred paternal
exposure to boron was investigated, a positive
association was found.
With regard to other types of childhood
cancer, two studies suggest a positive
association between retinoblastoma and
paternal employment in occupations involving
welding. In the one available study of hepatoblastoma, there were positive associations with
parental occupational exposure to metals, and
maternal occupational exposure to oil or coal
products, and paints or pigments.
The associations between chemical exposures
and lymphomas have been little studied. No
consistent association with pesticide exposure
or parental occupational exposure has been
identified in the few available studies.
In the few available studies, no consistent
association between soft-tissue sarcoma and
pesticides or other chemicals was found. In
both of the available studies of Ewing's
sarcoma, there was a positive association with
paternal employment in agriculture. In one of
these, this appears to be due to pesticides, but
there was no association with use of pesticides

in the home. No consistent association with
maternal occupation was found in the two
available studies of osteosarcoma.
Thus, for several types of childhood cancer,
positive associations with exposure to
pesticides have been reported. In addition,
with
parental
associations
positive
occupational exposure to metals have been
observed for ANLL (maternal exposure),
Wilms' tumour (paternal exposure) and
retinoblastoma (paternal exposure). These
observations require confirmation.
In virtually all of the studies, exposure was
assessed on the basis of interview, usually with
the mother, or was inferred on the basis of job
title. As noted in the introduction, this may
have led to substantial misclassification. If this
had been non-differential, it would have
biased the relative risk towards unity. The
studies based on assessing specific exposures by
interview may have been affected by recall
bias. This might be a concern in relation to
pesticides, in view of the fact that associations
with this exposure have been observed for
several types of childhood cancer. However,
the observation of associations for the same
types of childhood cancer in a cohort study in
Norway as in the case—control studies suggests
that this is unlikely.
It would be valuable in future studies to
attempt to validate information on
occupational exposures from employers'
records, and/or where possible, to include
biomarkers of exposure. In addition,
multicentre collaboration would facilitate
assessment of the consistency of association
between studies, and potentially increase
statistical power, particularly in relation to
specific subtypes of childhood cancer.
Virtually all of the specific exposures
considered have been of concern also in the
study of adult cancer, and in this connection,
international collaborative cohort studies are
in progress for some occupational exposures,
largely in men. Concern has been expressed
about the possible teratogenicity of some of
the exposures. In particular, relatively little
work has been carried out on the possible
teratogenic effects of exposures to the father
(Taskinen, 1990). Therefore, it would seem
worthwhile to explore the possibility of adding
an offspring component to on-going
collaborative international cohort studies.
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Infection
origins and in which there had been a recent
increase to high population density. Thus, an
excess of leukaemia in childhood would be
expected in isolated areas into which there had
been substantial in-migration, and in which
there was no nuclear installation. In a first test of
this hypothesis (Kinlen, 1988), one area in
Scotland, Glenrothes New Town, was identified а
priori as meeting these criteria. A significant
excess of leukaemia deaths below age 25 years
was identified during the period 1951-67 (10
deaths observed compared with 3.6 expected on
the basis of applying Scottish national mortality
rates to the estimated person-years at risk). There
was no excess in the period 1968-85, when the
community became much less isolated following
the opening of the Forth road bridge in 1964.
This was the first instance of a particular 'cluster'
being found as predicted by a hypothesis
specified before the data were collected. The
hypothesis has been tested in a number of other
situations in Great Britain, France, other parts of
Europe and Hong Kong (Table 7.1).

Most investigation of possible relationships
between infection and childhood cancer has
related to childhood leukaemia and nonHodgkin lymphoma. Spatial clustering of
childhood Ieukaemia has been observed in Great
Britain, Greece and Hong Kong, but not in
Sweden or in metropolitan areas of the USA (see
Chapter 2). Clusters of childhood leukaemia
have been observed around some nuclear sites,
and also in areas in which construction of
nuclear sites was considered but not initiated
(see Chapter 4). This has led to renewed interest
in the possibility that there is an infectious
etiology of childhood leukaemia. In this
chapter, the evidence as to a possible
relationship between childhood leukaemia and
a potential source of microepidemics of
infection, namely population mixing, is
discussed. In addition, studies of the
associations between infection of the mother
during the index pregnancy, and of the index
child during his or her lifetime, and childhood
leukaemia aid other types of cancer are
reviewed.

Areas of population growth (Table 7.1)
In new towns whose populations had the
combined features of diverse origins and higher
density than that before the area was designated
as a 'new town', and also higher density than
those in the areas from which most incomers
came (referred to as 'rural new towns'), the
mortality rate of leukaemia at ages under five
years was higher (0/E = 1.9) than that expected
on the basis of national rates in the period
1946-85 (Kinlen et al., 1990). The mortality rate
was similar to that expected in the 0-4-year age
group for new towns built as 'dormitories' for
Glasgow and London, which combined the
features of little diversity of origin and lower
population density than in Glasgow itself or the
London boroughs (referred to as 'overspill new
towns'). The use of mortality data is a limitation,
but the difference between these groups of towns
was greater for the first half of the study period
(1946-65) than the second. The first half was
before improvements in the treatment of
childhood leukaemia brought about remarkable

Leukaemia
The KinIen hypothesis: residence in
areas with high levels of population
mixing
Kinlen (1988) suggested that the excess of
leukaemia in young people in the vicinity of the
Sellаfield and Dounreay nuclear reprocessing
plants in the United Kingdom might be due to a
rare response to some unidentified mild or
subclinical infection, the transmission of which
is facilitated by contacts between large numbers
of people. An influx of population of diverse
origins into a previously isolated area, as has
occurred with the construction of new nuclear
installations in the UK, would particularly
facilitate transmission. Intense exposure would
be leukaemogenic, while mild or moderate
exposure would be immunizing. Therefore, the
incidence of leukaemia would be expected to be
higher in areas whose populations had diverse
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declines in mortality (Levi et al., 1995). The
reduction of the observed to expected ratio for
rural new towns in the second half of the study
period, from 2.3 to 1.4, is consistent with a
reduction in population mixing, but may be
confounded by improvements in treatment.
There were deficits of leukaemia mortality at
older ages in both groups of towns; these were
statistically significant for the rural new towns.
The authors considered that this pattern is
consistent with the immunizing effects of the
postulated infection. The deficit at older ages was
apparent in both halves of the study period in the
rural new towns, but only in the second half of
the study period in the overspill new towns. This
would be consistent with a more severe epidemic
in the rural than in the overspill towns. The
leukaemia excess in the rural towns was greatest
where the population density was highest. The
four rural new towns in England and Wales
ranked higher than 90% of the 1445 local
authority areas outside London for density of
children, and two were in the top 5%. By
contrast, the density of children in the London
overspill towns was lower than in the London
boroughs. The excesses were not confined to
leukaemia of a single cell type. The authors
considered the possibility that the results were
produced by the effects of inaccurate population
estimates on the calculation of expected numbers
of cases. Results were little changed by using
different methods of estimating the total number
of person-years of exposure, and the effects were
still apparent when the analysis was restricted to
census years and the years immediately before
and after these. In addition, the effects were
apparent when local authority districts
containing new towns, rather than the new
towns themselves, were considered.
Langford and Bentham (1990) noted that new
towns were not the only places in the UK in
which rapid population growth had been
experienced. They compared numbers of
observed deaths due to leukaemia in the age
range 0-14 years with those expected in all 1366
local authority areas in England and Wales during
the period 1969-73, classified by the level of
population change between the 1961 and 1971
censuses. The expected numbers of deaths were
calculated by applying national rates to the local
population at risk as recorded in the 1971 census.
Iп the areas in which the population increase had
been by more than 50%, the ratio of observed to
expected number of deaths was 1.4 (95% CI
1.1-1.7). The ratio for the 0-4-year age group was
1.3 (95% CI 0.9-1.8), and that for the 5-14-year
age group was 1.5 (95% CI 1.1-1.9). None of the

observed to expected ratios for areas with lower
population growth were markedly different from
unity, and none of the departures from unity was
statistically significant. There was little effect of
excluding the data from the more remote new
towns included in the analysis of Kinlen et al.
(1990). On the basis of Poisson p-values
calculated for each area compared with the
national average, areas of significantly raised
leukaemia mortality were concentrated in and
around the major conurbations (Langford, 1991).
Laplanche and de Vathaire (1994а) found that
leukaemia mortality under the age of 25 years
was similar to that expected (44 vs. 42.7) in
communes in France in which large and rapid
population increases occurred between 1968 and
1990. These communes were defined as those
with a population increase exceeding 100%
between two consecutive censuses, held in 1968,
1975, 1982 and 1990, and with populations
greater than 10 000 inhabitants in 1990. Of a
total of 834 communes with greater than 10000
inhabitants in 1990, 43 had large and rapid
population increases; of these 9 had fewer than
1000 inhabitants in 1968, 21 between 1000 and
5000 inhabitants, 11 between 5000 and 10 000
inhabitants, and two had 10 000 or more
inhabitants (Laplanche & de Vathaire, 1994b).
The study was limited to communes with more
than 10 000 inhabitants in order to conform
with French legal confidentiality requirements.
Person-years were estimated by linear
interpolation between censuses. Expected
mortality was determined from national rates.
There was no difference in leukaemia mortality
according to the size of the population increase.
Stiller and Boyle (1996) analysed the effects of
migration and diversity of migrant origin on the
incidence of acute lymphoblastic leukaemia
(ALL) in children aged under 15 years in 403
county districts of England arid Wales during the
period 1979-85. A total of 2035 cases was
ascertained; histological or haematological
confirmation of diagnosis was available for 2017
(99%). Information on the proportions of all
residents and of children aged under 15 years
who had been resident outside the district one
year previously were obtained from the 1981
census. There was a positive association between
the incidence of ALL at ages 0-4 and 5-9 years
and the proportion of children in the district
who had recently entered it. This was not found
for the 10-14-year age group. There was no
association with total migration. In the 0-4-year
age group, the incidence of ALL was positively
associated with the proportion of economically
active men in employment, and in the 5-9-year
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Kinlen and Petridou (1995) considered
mortality due to childhood leukaemia in 33
countries during the period 1958-87 in relation
to the proportion of the economically active
population employed in agricultural occupa-tuons
and qualitative data on rural migration.
Countries were classified as `rural' if the
proportion of the economically active population
employed in agricultural occupa-tions was at least
30% in 1950 or 20% in 1960. No measure of
rural-to-urban migration suitable for
international comparisons was available. Internal
migration in Greece and Italy was particularly
striking, and attempts were made to restrict
internal migration in these countries by law.
Between 1958 and 1972, Greece had the highest
recorded mortality from childhood leukaemia in
the world. In the following quinquennium,
(1973-77), it had the second highest rate, after
which there was a steep decline in mortality from
childhood leukaemia. While Kinlen and Petridou
(1995) suggested that this may, at least in part,
have been accounted for by the decline in
internal migration after the early 1970s, it is not
possible to separate any possible such effect from
that due to improvements in treatment. High
rates of mortality attributed to childhood
leukaemia also were observed in Italy. However,
in Finland, where there was rapid urbanization in
the 1950s as a result of the movements of
displaced rural inhabitants from Karelia, the
childhood leukaemia mortality rate was not
particularly high during the quinquenium
1958-62, although the rate was higher during the
period 1963-72. In Czechoslovakia, marked rural
depopulation occurred in the 1960x, but the rates
of childhood leukaemia mortality were not
particularly high. In Denmark and Sweden,
which were classified as `urban', high rates of
leukaemia mortality were observed but there were
no major movements of the rural population. It is
possible that the quality of death certification was
uniformly high in these countries.
Internationally, death rates from leukaemia and
ill-defined causes tend ta be inversely correlated
(West, 1984). In Greece, not only were there
higher mortality rates due to childhood
leukaemia, but also of deaths from ill-defined
causes and of deaths in childhood due to
infection. This suggests that the high mortality
rate due to leukaemia in Greece may havé been
real rather than artefactual. In Israel, after largescale immigration in the 1950x, leukaemia
mortality at ages 0-4 years in the period 1956-58
was appreciably higher (5.1 per 100 000) than in

age group the incidence was positively associated
with the proportion of households with a car. Job
migration and these measures of socioeconomic
status were correlated. Areas of low
unemployment attract incoming families, and
families of higher social class tend to be more
mobile. As population mixing is more likely than
socioeconomic status to increase rapidly, and
some of the highest incidence rates for
leukaemia have been observed in situations of
very high increases in the levels of population
mixing, it is possible that population mixing
may account for some of the association between
leukaemia and socioeconomic status.
In 1973 in Hong Kong, a massive programme
of building new towns to meet the needs of the
expanding population was initiated in the New
Territories (Alexander et al., 1997). The
population of the New Territories increased over
sеven-fold by 1979-89. In addition nearly three
quarters of a million new housing units were
constructed in parts of Hong Kong Island and
Kowloon. Iп areas with the highest deciles of
population growth, the incidence of leukaemia
was elevated but did not differ significantly from
that in other areas. However, within these areas,
there was strong evidence of spatial clustering as
assessed by the Potthoff—Whittinghill method.
This accounted for the overall pattern of spatial
clustering observed in Hong Kong during the
period 1984-90 (see section on spatial clustering
of leukaemia, Chapter 2); there was no
significant evidence of clustering in the rest of
Hong Kong. The results for spatial clustering
were dominated by excess incidence in one small
census area. This pattern was accounted for by
ALL in young children, and was not observed for
sub-groups of childhood leukaemia from which
ALL occurring in the childhood peak was
excluded.

The series of findings relating to population
influx in Great Britain and elsewhere have some
similarities with the observation of the cluster of
leukaemia in Niles, Illinois, which may have
been associated with abrupt changes in patterns
of disease associated with rapid expansion of the
community (Heath & Hasterlik, 1963; see
Chapter 2). Public concern about an increased
incidence of childhood leukaemia in south-west
Sardinia led to an investigation of incidence in
Cagliari province during the period 1974-89
(Cocco et al., 1993). The high incidence in the
town of Carbonla during the period 1983-85 was
confirmed. The authors noted that this would
not be incompatible with population influx,
which followed the establishment of new
industries in the early 1970x.

1950-52 (3.2), 1953-55 (3.5), 1959-61 (3.8) and
1962-64 (2.7) (Kinlen, 1994).
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An observation which appears to be
incompatible with the Kinlen hypothesis is
that, according to census data for 1961 and
1971, in districts near sites considered for the
construction of nuclear installations the
population of young people increased less than
in England and Wales as a whole, while the
population of adults of working age decreased
more (Cook-Mozaffari et ai., 1989b). This does
not suggest that a Ieukaemia excess in these
areas was brought about by the intermingling of
population consequent upon the sudden influx
of a new labour force and their families.

Wartime evacuation
Wolff (1991b) suggested that if it were true
that there is an infective basis for childhood
leukaemia, an increase in leukaemia mortality
associated with wartime evacuation in Britain
might have been expected. As a result of
evacuation in Britain during the Second World
War, 827 000 unaccompanied children, 524 000
mothers with children under five years old and
13 000 pregnant women migrated from major
conurbations into rural areas between 1 and 4
5еptember 1939. However, during the period
1931-50, there was no marked change in the
unexplained steady rise in leukaemia mortality
in the 0-4-year age group, suggesting that herd
mixing may be an inadequate explanation for
local increases in the incidence of leukaemia.
Wolff acknowledged that extrapolation from
overall to local migration trends may be
questionable. The evacuation at the beginning
of the war was not the sole example of largescale population movement during the war. For
example, before the Normandy landings in
1944, large numbers of troops trained or massed
in certain coastal areas of England, but in these
areas there had been large-scale evacuation of
the local population including adults (Kinlen &
Hudson, 1991). Moreover, during the period of
compulsory national service after the war, in
many areas the numbers of servicemen were
larger than had been the case during the war.
Kinlen and John (1994) investigated mortality
due to childhood leukaemia during the period
1945-49 in relation to the ratio of government
evacuees to local children in September 1941.
Information was obtained from a billeting
schedule which gave the numbers of
unaccompanied and accompanied children,
mothers and other evacuated adults present in
each local authority area at that time. Data on
numbers of evacuees at other times during the
war were not available. The numbers of local
children in each district in 1941 were estimated

from those recorded in 1947, the only year
between 1939 and 1951 for which age-specific
populations of children were known for each
local authority district. The 476 rural districts
were ranked into tertiles according to the
evacuee index. (The definition of 'rural' was not
explicity stated.) The relative risk of death due
to leukaemia in the districts in the highest
tertile of the evacuee index was 1.5 (95% CI
1.1-2.1) compared with those in the lowest
tertile, with a significant increasing trend (p =
0.02) across the three categories. This trend in
part reflected a significantly lower than average
death rate from childhood leukaemia in the
tertile with the lowest evacuee index. The trend
was not apparent for children aged 0-4 years. In
view of the absence of any census in the 15
years before 1947, separate calculations were
made for the period 1947-49, deriving
estimates of the local populations from the
national registration records of 1947 and the
1951 census. The excesses were more apparent
than in the analysis for the period 1945-49. For
each set of areas, leukaemia mortality was also
examined in the period 1950-53, in
conjunction with denominator data from the
1951 census. No trends were apparent in this
period. The numbers of deaths due to leukaemia
in urban and rural districts which were
evacuated were similar to those expected for
both the period 1945-49 and the period
1950-53. No excess or trend was detected in
non-evacuated urban areas classified in terms of
the ratio of evacuees to local children.
If early and intense exposure to evacuated
people in some areas had produced an excess of
leukaemia which lasted only 3-4 years - as
observed in relation to large concentrations of
national servicemen in the early 1950s (Kinlen &
Hudson, 1991; see section on National Service
below) - this would have been missed. In Devon,
which received more evacuees than any other
county, four deaths due to leukaemia at the ages
0-4 years were registered among local children,
compared with 2.5 expected during the period
1940-44, whereas no deaths at these ages were
observed in the period 1945-49, compared with
3.7 expected (р < 0.05).

The apparent contradiction between the
findings of Wolff (1991b) and those of Kinlen
and John (1994) may be explained from the
effect that national death rates tend to be
insensitive to increases among children living
in rural areas, as they represent a small
proportion of the total number of children in
Great Britain. Increases in the incidence of
diphtheria, scarlet fever, measles and whooping.
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cough in reception areas for evacuees were not
apparent in national notification rates (Kinlen &
John, 1994).

and 1.5% for the eighth, between 1.5% and 5.2%
for the ninth, and ranged up to 69% for the
highest. The ratios of observed to expected
deaths from leukaemia were expressed relative to
the values in the first two deciles combined. As
the first analysis had shown a significant trend in
rural areas in both the under-one and 1-4-year
age groups, the authors considered children aged
one together with those aged less than this in
this analysis. The ratio of observed to expected
numbers of deaths in the category with the
highest proportion of servicemen, standardized
to the ratio in the two categories with the lowest
proportions of servicemen, in the age group
under two years, was 1.9, based on 31 observed
deaths. This was statistically significant.
Although there was a significant tr end across the
categories, the other ratios were close to unity.
The excess was more marked in the aggregation
of rural local authority districts than urban
districts in the highest category. There was no
excess at ages 2-4, 5-9 or 10-14 years. Because
the numbers of infants below age one were
known to be slightly underestimated in the
census, the analysis was repeated using numbers
of live births by local authority district from
1950-53 for populations below age one, and in
1949-52 for age one. The findings were not
greatly affected and the significance levels were
unchanged. Thus, the findings do not appear to
be an artefact of the spécial status of military
camps in the census, which may have led to
undercounting. The same approach was used for
the two succeeding five-year periods (1954-58
and 1959-63). There was no significant excess of
leukaemia in any of the four age groups (less
than 2, 2-4, 5-9, 10-14 years). In the last period,
proportions of servicemen in the 1961 census
were also considered, but again there was no
excess. In this period, all but 4% of local
authority districts showed a decline in the
numbers of servicemen. There was one death
from leukaemia in children below age one
compared with 0.3 expected in the rural area
with the greatest increase in the proportion of
servicemen, an influx amounting to 31% of the
male population of the district in 1961. The lack
of persistence of the increase of leukaemia
beyond the period 1950-53 would be consistent
with the number of susceptible individuals
declining to below some critical level, as would
happen at the end of an epidemic of any
infective disorder.
The excesses of leukaemia affected the very
young children of both servicemen and
civilians, although the number of cases of
leukaemia may have been underestimated

National service
Another test of the Юпlen hypothesis involved
the determination of whether any excess of
childhood leukaemia was associated with the
introduction of national service in 1947 (Kinlen
& Hudson, 1991). National (military) service was
for 12 months on introduction, and was
extended to 1$ months in 1949, and to two years
in 1950. These extensions caused substantial
increases in the number of servicemen assigned
to different parts of the country. Iп data from the
1951 census, the only source of details about the
distribution of servicemen in England and Wales
around that time, in 15 local authority districts,
mainly rural, servicemen outnumbered civilian
men of working age. The period of study was
centred on the 1951 census year, but as no
leukaernia data by area were available for 1949,
the period of study selected was 1950-53. Rural
and urban districts, aggregated by county, were
ranked by proportion of servicemen in the
population and groups containing similar
numbers of children were created. The range in
the proportion of servicemen in the highest
quintile was 1.5-11.3% for urban areas, and
9.0-27.1% for rural areas. Expected numbers of
deaths from leukaemia at ages under one, 1-4,
5-9 and 10-14 years were calculated by applying
age-specific death rates from Ieukaemia in
England and Wales during 1950-53. Overall, a
significant trend of increase in the mortality due
to leukaemia at ages under 15 years was found
across the quintiles of proportions of servicemen,
with a ratio of observed to expected deaths in the
highest quintile for rural and urban areas
combined of 1.21. This was mainly due to a more
marked excess in rural areas, with a ratio of 1.65
iп the highest quintile, again associated with a
significant trend. In turn, this reflects excess
deaths in rural areas in young children; the ratio
for the undеz-оné-уeаr age group was 413, and
for the 1-4-year age group 1.62.
The authors considered the possibility that this
relationship might be indirect, reflecting a high
incidence of the disease in groups of counties
that happened to include large military
encampments. Therefore, a similar analysis was
made based on the 1473 individual local
authority districts of England and Wales. The
population of children was divided into deciles
according to the proportion of servicemen in the
district: The proportion of servicemen was less
than 10/i for the first seven deciles, between 0.9%

212

Iп fectian
myeloid lymphoid but not monocytic leukaemia
was represented in the excess.
As the conditions of military life would have
prevented free contact with local people, this was
not a typical example of population mixing.
However, the authors considered that five features
of rural districts might be particularly relevant to
the excess of leukaemia found there. First, a
greater proportion of the population of these
districts would be susceptible to the agent or
agents postulated to increase the risk of childhood
leukaemia because of their low population
density and distance from major population
centres. Second, military camps in rural districts
held more national servicemen than those in
urban districts, and are likely to have been more
overcrowded, thus facilitating transmission of
infective agents. Third, unlike garrison towns,
which were scattered, rural districts in the group
with the highest proportion of servicemen often
bordered each other, which might have
intensified the effects of transniission. Fourth, the
authors considered that a large rural military
camp probably makes a greater overall impact on
the population in its vicinity than would an
urban camp. Finally, most Royal Air Force stations
were in rural districts, and the relatively high
social class of this branch of the national service
intake might have implied a higher proportion of
people susceptible to infection, increasing the
severity of the postulated epidemic in the rural
districts.

among the children of servicemen. Birth
certificates of children of servicemen diagnosed
with leukaemia at ages of less than two years in
urban districts were not traced, so that any father
who left the forces during his child's lifetime
would have been overlooked. Cases of leukaernia
in the children of US servicemen present in rural
England during the study period may have been
overlooked because of their return to the цSА
either before the disease was diagnosed or before
the child died from the disease. The only
population data for children of servicemen in the
1950s were those of births in 1951, and these
were used as the basis for examining deaths from
leukaemia at the youngest ages in the offspring of
servicemen, and were distributed geographically
broadly in proportion to the numbers of
servicemen. However, as there was a higher than
average proportion of 18 and 19-year-old
servicemen in rural districts, the number of
servicemen with children in these districts is
likely to have been overestimated. This means
that the excess in rural areas is likely to have been
underestimated.
Using the same approach as for leukaemia
mortality, available data on deaths attributed to
and notifications of childhood infectious diseases
were also investigated. At county level, there were
excesses both of notifications and of deaths in
children aged less than 15 years due to
poliomyelitis in the three quintiles with the
highest proportions of servicemen. At local
authority district level, there were significantly
more notifications of this disease among children
below aged 15 years in the decile of rural areas
with the highest concentrations of servicemen
compared with the two with the lowest
concentrations. These associations were not
apparent for meningococcal infections. In
addition, there was no excess of deaths from
measles associated with increasing proportions of
servicemen at county level, although there was a
mon-significant excess for deaths due to
whooping cough. The authors noted that
poliomyelitis resembles the infection they
postulated as underlying childhood leukaemia in
that only a small proportion of those infected

Construction work
Another striking example of rural population
mixing occuired in northern Scotland as a result
of the development of the North Sea oil industry
(Kinlen et al., 1993a). The Su11om Vie oil terminal
in Shetland was Europe's largest construction site
and is sited in Britain's remotest region. Many
thousands of men were transported and housed
in specially built camps, drawn from diverse areas
in Britain. Similar circumstances applied in the
construction of the smaller terminal at Flotta in
Orkney. In addition, offshore work involves matey
thousands of men travelling to Aberdeen in
north-east 5cotland from X11 over Britain, to be
ferried from there to oil platforms by helicopter.
Few children live close to these work sites, but the
regular home visits of the workers might have
brought about indirect exposure of their home
conimunities to the effects of population mixing
in the work sites. Kmles et al., (1993а) therefore
investigated leukaemia and non-Hodgkin
lymphoma in the 0-24-year age group in the rural
home areas of workers at the oil terminal and
offshore sites.

develop an illness.
Kinlen and Hudson (1991) observed that the
excess in young children was restricted to those
under two years. Leukaemia occurring below the
age of two is more commonly myeloid than
lymphatic, and when it is lymphatic is more often
null- or T-cell in type, than at ages 2<4 years,
when there is the characteristic peak in incidence.
Analysis by leukaeniia sub-type was difficult to
interpret because of the small numbers of deaths;
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Complete records of workers on these sites
have not been maintained. Workers at Su11оm
Vie during its construction phase were identified
from records of the medical centre, and are
believed to represent a high proportion of all but
short-stay workers; information was obtained on
more than 17 000 men. Incomplete data were
available on 3500 construction workers at Flotta
oil terminal. Finally, 10 000 offshore workers
were identified from records of issue of an
offshore survival certificate required for such
work from June 1976, the earliest date for which
records have not been destroyed, to 1980. Many
of the workers lived outside Scotland, for
example more than 40% of the workers at
Sullom Vie. The analysis was limited to those
resident in Scotland.
The numbers of children were ranked into
tertiles according to the ratio of oil workers
identified by the above methods to the number
of economically active men recorded in the 1981
census in each postcode sector. Three periods
were considered: 1974-78, 1979-83 and 1984-88.
For the first period, which was considered to be
before population mixing began, populations for
1976 were used, estimated as the mean of the
relevant age-specific counts from the 1971 and
1981 censuses. For the second period, which
immediately followed a substantial increase in
terminal and offshore activity in 1977-78 and is
therefore regarded as early post-mixing,
populations from the 1981 census were used. For
the final period, regarded as a later post-mixing
period, populations in 1986 were estimated by
adjusting the 1981 census figures by
proportionate regional changes in the 1986 agespecific estimates of the Registrar General's data.
'Urban' areas were arbitrarily defined as postcode
sectors including Aberdeen, Dundee and the
central industrial belt extending from Edinburgh
to the Firth of Clyde west of Glasgow. The
remainder of Scotland was classified as 'rural'.
Data on cases of leukaemia and non-Hodgkin
lymphoma were obtained from the 5cottish
National Cancer Registration Scheme.
An excess was apparent only in the period
1979-83, that is shortly after the substantial
increase in terminal and offshore activity. The
excess was apparent only in rural areas and was
almost entirely due to leukaemia, mainly 0f the
acute lymphatic type, in the 0-4-year age group.
There was no significant excess in the other two
periods in any age group in rural areas, or in any
urban group.
When the 0-4-year age group in the highest

tertile of oil workers in rural areas was examined
by single years of age, there were excesses below
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age one, at age one, aid particularly at age two
years. The peak at age two contrasts with that at
age three found in other rural areas. In the
category of rural areas with the highest tertile of
oil workers, the peak was at age three in the
earlier period 1974-8. This pattern would be
compatible with the spread of an infectious
agent iп a susceptible area, but the continuation
0f a peak at age two in these areas in the period
1984-88, when the incidence of leukaemia and
non-Hodgkin lymphoma at ages 0-4 years had
declined, is not consistent with the end of an
epidemic.
Analysis was also made with respect to factors
that may influence the prevalence of individuals
susceptible to infective agents or the intensity of
exposure, namely relative isolation, defined as
residence more than 20 km from urban areas;
social class, defined as the proportion of the
population in classes I and II; density of children,
defined as the number of enumeration districts
in a postcode sector having a hundred or more
children; and increases between 1971 and 1981
иn the numbers of men working away from home
in the construction and energy industries. The
increased incidence at ages 0-4 years was
restricted to postcode sectors more than 20 km
from urban areas, where it was greater in sectors
of higher social class. There was a suggestion of a
higher incidence in sectors with a higher child
density measure both at ages 0-4 and 5-24 years,
irrespective of the distance of the sector from an
urban area. In sectoxs more than 20 km from an
urban area only, there was a higher incidence of
leukaemia and non-Hodgkin lymphoma at ages
5-24 years in areas with the largest increases of
construction workers working away from home
between 1971 and 1981.
It is interesting that a severe epidemic of
measles among local people in Shetland оссurréд
in 1977-78, to which conditions at Su11om Voe
were considered to have contributed. In
addition, these conditions are thought to have
contributed to unusual outbreaks of whooping
cough, scarlet fever and influenza. The authors
postulated that the unusual circumstances not
only promoted transmission of micro-organisms,
but that the population received large doses
through repeated exposure to these. The excess
of leukaemia and non-Hodgkin lymphoma was
not concentrated in the children of oil workers
themselves (on the basis of father's occupation in
cancer registration and mortality records, and a
comparison of the names of all oil workers
resident in rural areas with those of the fathers of
cases in 1979-83), which is consistent with the
excess being due to a community, 'herd', effect,

Infection

with the relevant agent(s) possibly being
transmitted among adults and thence to
children.
An unexpected finding of the study was that
the Dounreay—Thurso area contained a high
proportion of oil workers. In the town of Thurso
itself, all of the cases were .resident in the west of
the town. Most of the residents of this part of
the town were nuclear workers not native to the
area. Construction workers who came to work at
oil terminals just to the north also tended to
settle in the western part of the town. Thus,
there was a great expansion of construction
workers working away from home between 1971
and 1981, and a high child density in the
western part of the town. In the eastern part of
the town, there was a tradition of men working
away from home on construction projects, and
the authors consider that there would have been
fewer susceptibles there because of prior
sporadic exposure to the postulated common
infection, which would make them less
vulnerable to an epidemic caused by new and
sudden population mixing. In this area, the
excess involved cases particularly in the 5-24year age group. In the study as a whole, this
particular age group, and not younger children,
was affected by the increases of construction
workers working away from home in the 1970x.
Four of the five individuals who developed
leukaemia at ages 5-24 years in Thurso during
1979-88 were incomers; this was also true for
the four who were born in the years 1969-74,
the birth cohort with the greatest population of
incomers. By contrast, all three children with
leukaemia at ages 0-4 years in the area within 25
km of Dounreay were born there. The absence of
cases in west Thurso older than four years
among children born locally may in part reflect
the immunity conferred by their recent
exposure at earlier ages. The authors considered
that the excess in this part of the town in the
5-24-year age group may be due to exposure to
infection resulting from the influx of nucleaI
workers, on which was superimposed further
exposure resulting from the influx of workers for
the oil industry. Such a double influence was
postulated for older children by Alexander
(1992), with a recent infection causing
childhood leukaemia in young children being
superimposed on a persistent infection (see
Chapter 2). However, the explanation proposed
by Kinlen et al., (1993a) does not appear to be
entirely compatible with the observation that
the incidence of leukaemia and nom-Hodgkin
lymphoma was raised in both those born in the
Dounray area and those resident in the area but

born elsewhere (Black et al., 1992; see Chapter
4).

In the 5-24-year age group in general in
Scotland, the absence of an excess in the tertile
of postcode sectors with the highest proportions
of oil workers conceals a highly significant trend
of increase associated with the level of increase
of construction workers working away from
home in the 1970x, and a deficit of borderline
statistical significance in areas with a lower child
density or a low increase in the numbers of the
construction workers working away from home.
This deficit was observed in new towns (Kinlen
et at., 1990) and may be attributable to the
immunizing effects of a milder epidemic of the
underlying infection. There was no discussion of
individual types of leukaemia in the study of
Kinlen et al. (1993а). The results do not appear
to be entirely consistent with those found in the
national service study. Strict conditions were
imposed in the Shetlands to protect both the
environment and the local way of life, including
restrictions on offsite recreation.
More generally, Kinlen et al. (1995) observed
that large construction projects in rural districts
produce unusual population mixing, as the
limited local resources of labour require
recruitment of workers from outside. These
authors examined the incidence of childhood
leukaemia and non-Hodgkin lymphoma
associated with rural construction projects
outside the North Sea oil and nuclear industries.
The sites had to be more than 20 km from a
large town (over 70 000 inhabitants), built over
at least three successive years, and involve a
peak workforce of more than 1000. These
projects were mainly power stations, hydroelectric schemes and oil refineries. The time
periods selected for study were (a) from the year
in which construction began to the year after its
completion, with different construction phases
on the same site separated by two or more years
being examined separately; (b) parts of this
period that overlapped with the operation of the
plants; and (c) the five-year periods that
preceded and followed (a). 130 cases diagnosed
at ages up to 14 years were observed in the
vicinity of the various sites during their
construction together with the single following
year, compared with 94.8 expected (0/E = 1.4,
95% CI 1.2-1.6). The excess also was significant
for the 0-4 and 5-14-year age groups. The
excesses were more pronounced in each age
group in periods when the operation of the
plants overlapped with construction (for all ages
combined 0/E = 1.7, 95% CI 1.3-2.2). When the
social class of the area was taken into account,
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using census data, the excesses were stronger in
areas of higher social class. This was particularly
striking during the periods when the operation
of the plants overlapped with construction. The
excesses were not typical of the areas in
question, as they were not present either in the
five-year period preceding the start of
construction work, or in the five-year period
after its completion. The apparent increase in
the excess during the period of overlap of the
operation of the plants with construction may
reflect additional opportunities fir contact
between outside construction workers and local
residents, or because as construction work nears
completion, workforce numbers are often
maximum and a succession of new workers
arrive to perform specialized jobs as others leave,
thereby increasing the potential for population
mixing.

Commuting
Population influxes are not the only causes of
increased social contact. Kinlen et al. (1991)
noted that commuting journeys and the area of
work itself provide opportunities for new social
contact that may be relevant to the transmission
of the postulated infection or infections
underlying childhood leukaemia. The authors
examined the association between leukaemia
incidence at ages 0-14 years in the period
1972-85 in relation to changes in commuting
levels between the 1971 and 1981 censuses in 28
former county boroughs in England for which
such a comparison was possible. Commuting
level was defined as the sum of the number of
residents who worked outside the borough and
the number of residents of other areas who
worked within a borough.
When the child-years of residence were
divided into tenths by level of commuting
increase between the 1971 and 1981 censuses,
statistically significant increases in the observed
to expected ratio standardized to that in the
lowest decile were observed overall, and for the
0-4 and 10-14-year age groups. This pattern
remained apparent after exclusion of Reading,
which forms part of an area of Berkshire and
north Hampshire where an excess of childhood
leukaemia had already been recorded that might
have been associated with nuclear
establishments in west Berkshire (Roman et al.,
1987). In order to exclude the possibility that
the high incidence of childhood leukaemia in
the districts with the highest decile might have
been typical of the districts over a longer period,
and not related to recut commuting changes,
leukaemia incidence in the period 1972-85 was
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compared within each district with the rates in
the preceding period (1962-71); the magnitude
of the excess was increased.
When the effects of changes in the extent of
outward commuting were examined separately
from those of inward commuting, only the latter
was associated with a significant excess of
leukaemia. However, this difference is difficult to
interpret, since three of the five districts in the
highest tenth for change in inward commuting
also were included in the highest tenth for total
commuting increase. No relationship was found
with the absolute levels of commuting, either in
1971 or 1981. None of the districts with the
highest commuting levels in either of these years
had experienced any marked increase in
commuting, suggesting that any increase in the
incidence of childhood leukaemia associated
with increases with commuting might be
temporary, as is the situation for epidemics of
most infectious disorders, ending when the
number of susceptibles declined below some
critical level. Published data on a few infectious
diseases were considered; no clear increase in the
decile with the highest increase in commuting
was observed.
These investigators noted that consideration of
the possibility that increases in levels of
commuting could explain the excess of
childhood
leukaemia
near
nuclear
establishments in west Berkshire was
complicated by boundary changes. There were
population increases in this area of up to 33%
during the study period. In the total 28 county
boroughs considered, such population changes
as occurred did not show a relationship with
leukaemia. However, when leukaemia at ages
0-4 years was analysed by change in commuting
levels simultaneously with population change,
the only category that showed a significant
increase was the one with the highest
commuting level and the highest level of
population change. The authors therefore
considered that population changes, which
alone may have little effect, may compound the
effects of commuting increases. This may be
relevant to the situation in west Berkshire.
Roman et al. (1994) compared the social
contacts of 54 children diagnosed with
leukaemia or non-Hodgkin lymphoma before
the age of five years during the period 1972-89,
born and diagnosed in west Berkshire and north
Hampshire, with those of 216 matched controls.
There was no association with the level of
personal contact of the job of either parent held
at birth or at the time of diagnosis, assessed on
the basis of job titles. In addition, no increase in

lifecdii
risk was apparent when the father reported
travelling 20 km or more to work ona daily
basis, either at the time of birth or the time of
diagnosis of the index child. As acknowledged
by the authors, the measures of exposure were
somewhat crude and the study lacked statistical
power to detect effects of the magnitude
observed in other studies.
stiller and Boyle (1996) investigated the
association between commuting and ALL in
childhood in 403 county districts of England
and Wales during the period 1979-85. Data on
commuting in general and on commuting by
public transport were obtained from the 1981
census. No statistically significant association of
either of these variables was found. While this
finding may appear inconsistent with the results
of the study of Kinlen et al. (1991), districts with
a high level of commuting in the study of Stiller
and Boyle would have included those where it
had been high for a long time. A change in
levels of commuting might have a greater effect
on herd immunity than a sustained high level
throughout.

Mass tourism
Petridou et aI. (1991) noted that Greece has
more than a hundred inhabited islands that
used to be isolated, but where there has been
much tourism in the past 30 years. If the Kinlen
hypothesis were true, an increase in the rate of
childhood leukaemia would be expected, and
this might be expected to vary between islands
because of the differing times and modes of
disturbance of herd immunity from island to
island. Preliminary testing of the hypothesis
was based on comparison between island
groups and the mainland of trends in mortality
rates during the period 1976-89. No notable
differences were found, but the authors
acknowledged that patterns of population
mixing arising from tourism are likely to have
been different from those associated with, for
example, the establishment of rural new towns.
Kinlen (1992) observed that Petridou et aI.
(1991) were able only to study childhood
leukaemia mortality during a period about 15
years after the start of mass tourism in Greece,
whereas excesses in rural new towns and in
areas near military encampments associated
with post-war national service occurred within
a decade of the start of the population mixing
involved. Kinle (1992) pointed out that the
recent urbanization of Greece has been more
rapid than in most countries at a comparable
stage of socio-economic development. Thus, the
effects of population mixing might have

applied to the mainland at least as much as to
the islands, and could explain the lack of
difference in trend between these areas.

Migration during the index pregnancy
or in childhood
In a study in three areas of northern England
in which unusual aggregations of cases of
childhood leukaemia and non-Hodgkin
lymphoma had been observed, 16.5% (18 of
109) mothers of cases were found to have
moved during the year before the birth of the
child, compared with 7.3% (8 of 109) of
mothers of controls; this difference was
statistically significant (Alexander et al., 1993).
Non-significant differences in the direction of
greater mobility of case than control families
were found for migration in the period up to
two years before diagnosis, concentrated in
children aged two years or under, and during
the first four years of life. The pre-diagnostic
migration differences applied to cases
diagnosed during the childhood peak, whereas
the other differences applied primarily to cases
diagnosed at other ages. The authors
acknowledged that the potential for
confounding is substantial, although the
evidence regarding the associations of the most
plausible confounders infertility, sibship size,
parity, maternal age — is inconsistent. An
association between childhood leukaemia and
infection during pregnancy оr soon after birth
would be compatible with the results of other
studies in Great Britain (Smith et aL, 1976;
Alexander, 1991).

Infections during the index pregnancy
The possibility that maternal infection in
pregnancy could have carcinogenic effects has
been of particular interest in relation to
leukaemia, largely because of the observation
that leukaemia in cats is caused by a virus
transmitted from the mother to the fetus (Knox
etaL, 1980).

Three cohort studies of maternal infection
during pregnancy and subsequent childhood
cancer are available. Fine et al. (1985) observed
16 cases of cancer with ages of onset between
zero and 30 years among 2570 subjects reported
to have had intrauterine exposure to viral
infection, сотpаrед with seven among 2475
unexposed controls matched on sex, date and
area of birth. The relative risk of cancer
associated with viral infection in utero was 2.2
(95% CI 0.9-5.9). Ii eight of the exposed cases
the infection had been with a herpes virus (six
with varicella, two with cytomegalovirus). Only
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one case of cancer was associated with influenza
in pregnancy. Fedrick and Alberman (1972)
carried out a cohort study of births in Great
Britain during the first week of March 1958. Of
a total of 16 750 children who survived the
neonatal period, the mothers of 1959 reported
after the birth that they had had influenza
during pregnancy; the proportion exposed was
high because there was a pandemic at the end of
1957 and beginning of 1958. Eight of the
exposed children developed cancer; the relative
risk was 5.0 (p < 0.001). Six of the exposed cases
had ALL and one had Hodgkin's disease. Of the
12 unexposed cases, six had neoplasms of the
lymphatic and haematopoietic tissue. The
correlation between the death rate before the
age of five years due to these cancers in England
and Wales and the rate of new spells of
incapacity due to influenza in working women
during the period 1955-64 was 0.66 (p < 0.05).
Vianna and Pilai (1976) found three cases of
lymphatic leukaemia among 63 pregnancies
complicated by varicella identified from two
sources in upstate New York, compared with an
expected number of much less than one. The
study was stimulated by the observation of an
association with varice11a in an ecological
analysis presented in the same paper.
Case—control studies of the most commonly
investigated maternal infections during
pregnancy and subsequent childhood
haematopoietic malignancies or cancer of all
types combined are summarized in Table 7.2.
With regard to infection in general, relative
risks greater than 2 have been observed either
when the reported prevalence of exposure
during pregnancy was low (Stewart et aI., 1958)
or when the study was small (Till et al., 1979),
and may be attributed to recall bias or to
chance. No consistent associations have been
found with influenza or varicella infection
during pregnancy. Iп addition, ecological
analyses have not shown a consistent
relationship between leukaemia and maternal
influenza or maternal varicella (Table 7.3).
Knox et al. (1980) considered that the
emergence of the peak incidence of leukaemia
at age 2-4 years, associated with an apparent
overall increased incidence of leukaemia, might
be a result of a phenomenon analogous to that
accounting for increased incidence of
congenital rubella syndrome. Using data on
deaths due to childhood leukaemia and other
tumours in Great Britain during the period
1953-79, these authors investigated indirectly
1 Maternal

the possibility that an infection with properties
similar to rubella might be causal by
considering the size of the mother's sib ship, age
at onset, maternal age at the birth of the index
child and the number of older sibs (Knox et al.,
1980, 1983). These data were not compatible
with this particular form of infectious
transmission.
Serum IgG and IgM levels, but not IgA levels,
were significantly higher in the mothers of 29
cases of ALL aged 2-10 years in New Delhi,
India, than in the mothers of 29 healthy
controls from the same community matched for
age and sex (Chandra, 1972). The study is
limited by the absence of information on
methods of recruitment of cases and controls,
and participation rates.

Antibiotic use during the inдех
pregnancy
No association between antibiotic use during
pregnancy and leukaemia and related
malignancies has been observed (Manning &
Carroll, 19571; Van Steeпsel-Moll et al., 1985a;
McKinney et al., 1987; Robison et al., 1989;
Gilman et al., 1989; van Duijn et al., 1994;
Roman et аL, 1997).

In a large study of childhood cancer deaths
during the period 1964-79 in Great Britain, the
case—control ratio of total childhood cancer
associated with the mother's reported use of
antibiotics during pregnancy was 1.6 (p < 0.01;
Gilman et al., 1989). This did not appear to be
attributable to any particular type of antibiotic.
The case—control ratio for any drug was 1.2 (p <
0.001), which suggests that recall bias might
account for this association. In a study of twins
in Sweden based on linkage of registers of twins,
cancer and deaths and medical records relating
to the index pregnancy, the relative risks of
total childhood cancer associated with "drugs
for infection" was 3.5 (95% CI 1.0-12.0; Rodvall
et a1., 1990). The authors stated that analyses in
relation to specific drugs revealed no clear
association.
Regarding specific types of antibiotic,
sulfonamide use by the mother during or before
pregnancy has not been associated with
childhood leukaemia (Manning & Carroll,
1957). In two reports of a large study of all types
of childhood cancer, no association was found
with sulfonamide use during pregnancy
(Sa1onen, 1976; Gilman et al., 1989).
5ulfonаmides have now largely been supplanted
by more effective and less toxic drugs.

preconceptional and gestational use was combined in this study.
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Iшщипizаtills during the index
pregnancy

to 15 years in paediatric oncology centres and
paediatric clinics in Germany participated (Table
7.4). The control group comprised children
treated in one of the participating hospitals,
frequency-matched for age and sex with the
cases. Controls were not eligible for inclusion if
the reason for hospitalization involved tumours
or infections with EBV or parvoviruses. It is
unclear whether excluding subjects who were
hospitalized because of infection with EBV as
potential controls will have led to an
underestimate of the prevalence of EBV infection
in the general population. The prevalence of
antibodies against EBV in controls (38% in
children aged five years and under, 78% in older
children) in this study was lower than among
children in Belgium (40% in children aged 1-2,
51% in children aged 3-4, 72% in children aged
5-14 years; Lamy et al., 1982) and in children in
the Bari area of southern Italy (84% in first six
months, dropping to 44% between 1 and 2 years,
then rising to over 80% in children aged 5-10
years; Leogrande & Jixillo, 1993). Sera from cases
were collected before the confirmation of
leukaemia diagnosis and before the start of
specific therapy, and from controls during the
stay in hospital. There were no significant
differences in prevalence of antibody positivity
for 11V-6, parvovirus В19 or the adenoassociated virus type 2, which has been found to
exhibit tumour-suppressive properties. However,
in children aged less than six years, the
prevalence of antibodies against EBV in cases was
29.8%, compared with 22.6% in controls; the
associated relative risk was 2.1 (95% CI
0.99.-4.23). The relative risk in the older age
group was 0.5 (95% CI 0.19-1.21). There was no
clear association between EBV-positivity and
leukaemia immunophenotype. The analysis of
data on previous infectious diseases obtained by
questionnaire showed that whooping cough,
rubella, mumps, measles and herpes labialis were
reported less frequently by parents of leukaemia
cases than controls. This was also true for
vaccination.
A possible explanation for this is that the
categories of age used in the logistic regression
analysis (6 months-2 years; 3-5 years; 6-9 years;
10-14 years) may have been too broad to adjust
for differences in age between cases and controls.
If, within each category, controls tended to be
older than cases, the probability of a control
acquiring one of these infections would have
been greater than that of a case. This would tend
to bias estimated relative risks to below unity if
there were no association with the exposure of
interest, and to attenuate positive associations.

Salonen and Saxën (1975) found a positive
association (RR = 1.8, 98% CI 0.4-11.0, based on
11 exposed cases and 8 exposed controls)
between leukaemia and maternal polio
vaccination during pregnancy. In а large study
in Great Britain, there was a positive association
(RR = 1.4, p < 0.05) between total childhood
cancer deaths and vaccination in pregnancy,
largely accounted for by neoplasms of the
reticulo-endothelial system (RR = 1.8, p < 0.01;
Gilman et al., 1989). This was not accounted for
by polio vaccination. 1n a population-based
study in the Netherlands, there was no
association between vaccination during
pregnancy and ALL (Van Steeпsel-Moll et al.,
1985 a).

Infection and related exposures during
the lifetime of the index child
Studies of the associations between childhood
cancer and postnatal infections of the index
child are bedevilled by the difficulty of assessing
whether and when the child was exposed.
Another difficulty has been in determining
whether episodes of infectious disease were a
possible cause of the childhood cancer or
represented a pre-diagnostic sign of the disease.
Some investigators have addressed this issue
either by restricting attention to infections
during the first year or first six months of life
(Van Steensel-Ioll et al., 1986; Hartley et al.,
1988а; Fajardo-Gutiérrez et a1., 1993а), or by
considering infections reported only during a
specified period before diagnosis in cases and a
reference date in controls (Stewart et al., 1958;
Ager et al., 1965; Magnani et al., 1989). Iп most
of the studies, only maternally reported infection
in the child has been considered. The frequency
of reported infections of various types in control
children varies substantially between studies,
which may be attributed to differences in
methodological factors such as the upper age
limit of cases, the reference period, and the type
of controls selected, as well as to differences in
study areas. The available studies are summarized
in Table 7.4.

Serological evidence of infection
Schlehоfer et al. (1996) investigated the
prevalence of antibodies to viruses infecting
blood or Ьопе-marrow cells, including
Epstein—Barr virus (EBV), human herpes virus
type 6 (11V-6) and parvovirus В19 in the sera of
121 children with leukaemia and 197 controls.
32% of a total of 377 cases aged from six months
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reported at interview more illness in the index
children than mothers of controls, this
difference was also apparent when medically
recorded episodes of illness were examined. In
analysis of a data-set on total childhood cancer
which includes the data reported by McKinney et
al. (1987), the relative risk associated with
reported viral infections in the first six months
was 1.6 (95% CI 0.7-3.7; Hartley et al., 1988а).
Thus, the relationship appears to have been
specific to leukaemia.
Iп an investigation of ALL in subjects aged
1-14 years in the Netherlands, the relative risk
associated with infection requiring hospitalization or specialist consultation during the first
year of life was 0.6 (95% CI 0.4-1.2; Van SteenselMo1l et al., 1986). There was no association with
reported primary infections, that is one or more
of measles, chickenpox, mumps or rubella,
bronchitis, otitis or common colds, or periods of
fever, defined as a temperature of more than
38°C for two days or more. Iп addition, there was
no association with the child having been
hospitalized or receiving specialist consultation
for any reason. Apart from the timing of
infection considered, an important difference
from other studies is that the data were obtained
by postal questionnaire. The response rate of
parents of cases was 90%, compared with 70%
for first-choice and 68% for second-choice
controls. Therefore the possibility cannot be
excluded that preferential participation of
parents of control children who had Infections
in early life could have accounted for the
observed relative risk being below unity.
In multivariate analysis of a small study of
leukaemia (81 cases) in Mexico City in which
both community (n = 77) and hospital (n = 77)
controls were included, "a history of infection by
chickenpox during the first years" was selected as
among the most important variables associated
with Ieukaemia, with a relative risk of 0.5 (95%
CI 0.2-0.9; Fajardo-Gutiérrez et al., 1993a). The
validity 0f the multivariate analysis is open to
question, as hospitalization with infection
during the first year of life also was included iii
the regression model. The relative risk associated
with hospitalization during the first year of life
was 0.6 (95% CI 0.2-1.7). When oniy
community controls were considered, the
relative risk was 0.5 (95% CI 0.1-1.8).
In a small study, Tî11 et al. (1979) found that
cases (n = 54) with ALL and their sibs had more
episodes of infection than control children
selected from among the friends and neighbours
of the parents of the cases or children with acute
myeloid leukaemia (n = 28) and their sibs. Much

Therefore, it is interesting that a positive
association was found with reported history of
chickenpox (RR - 1.63, 95% C1 0.91-2.92); this
relative risk might be an underestimate.
In contrast to the finding of Schlehofer et al.
(1996), lower titres of antibodies to EBV were
found in 52 children with leukaemia seen at a
hospital in Boston than in 115 age-matched
Swedish children (Gahrton et aL, 1971). This was
also true for herpes simplex virus and
cytomegalovirus. There was no marked
difference in seropositivity for antibodies to the
measles and rubella virus. An important
limitation of the study is that cases and controls
were selected from different populations,
although the authors note that the frequency of
EBV-positive sera in cases was lower than in
other samples of healthy children.
Infection in early life
The possible etiological importance of
infection in early life has been investigated in
some other studies. Memos and Doll (1994)
carried out a cohort study of 12 690 infants to
investigate the possibility that infants who
received blood transfusions shortly after birth or
in utero might have been infected by some bloodborne oncogenic virus. Infants transfused in the
period 1942-70 were identified from the records
kept in certain hospitals, blood transfusion
centres and maternity homes in Great Britain.
FoI1ow-up was carried out using death and
cancer registration. Four cases of leukaemia
occurred in children aged 1-14 years, compared
with 5.4 expected on the basis of national rates.
Thus, this study does not support the hypothesis
that a blood-borne virus prevalent in adults is
able to cause childhood leukaemia. Moreover, in
a Swedish record-linkage based study of
childhood lymphatic leukaemia, there was no
association with exchange transfusion during
the neonatal period (Cnattingius et al., 1995a).
In a study of leukaemia and lymphoma in
which cases with viral diseases in the six months
before diagnosis were excluded, McKinney et al.
(1987) found a positive association with viral
diseases experienced during the first six months
of life (RR = 4.1, 95% CI 1.5-11.3) (Table 7.4).
The association was particularly apparent for the
common null-cell ALL and lymphoma subgroups. The minimum period between viral
disease and diagnosis was 2.5 years, whereas it is
thought that the period of immunosuppression
in the preclinical period is about one year
(Stewart, 1980). The authors considered the
possibility that recall bias could account for the
association. However, while mothers of cases
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of the difference between cases and control
children was accounted for by gastroenteritis
during the first year of life and by pyogenic
infection
If infections in early life were of etiological
importance, it might be expected that breast
feeding would be associated with a reduced risk
of leukaemia. However, no consistent association
between breast feeding and leukaemia has been
observed (see Chapter 8).
In summary, there appears to be no
consistency of association between leukaemia
and recorded or reported infection in early life.

Infecdon up to age of diagnosis
In a large study in Shanghai, China, Shu et aL
(1988) found no association between leukaemia
and a history of chickenpox, mumps or rubella at
any stage in childhood (Table 7.4). However,
they found a positive association between ALL
and dysentery, and positive associations with
chloramphenicol and syntomycin, which were
mainly used in the treatment of dysentery and
fever (see below). The validity of the study is
limited by differences in the methods of
selection of cases and controls. Cases recruited
during a 12-year period were compared with
controls recruited during a 2-year period, so the
exposures sampled were not contemporaneous
and recall bias may have occurred as a
consequence of case parents having on average
to recall exposures in the reference period over a
longer period than control parents.
In a hospital-based study in Turin, Italy,
children with ALL were reported to have had a
lower frequency of viral and bacterial diseases
than controls randomly selected from among
children hospitalized in the medical and surgical
wards of the same hospital to which cases had
been admitted (Magnani et аI., 1990). The
association persisted when analysis was made
using only the subset of controls affected by
acute conditions such as severe accidents or
appendicitis. As acknowledged by the authors,
there were important differences between cases
and controls in area of residence and
circumstances of interview. In particular, 61% of
the total case series were interviewed more than
six months after diagnosis, compared with 15%
of control subjects.
An inverse association between ALL of the
common mon-Tсеll type and maternally
reported measles or measles vaccination in the
child before diagnosis was observed in a study in
Japan (Nishi & Miyake, 1989). Control children
were identified at visits for routine health
examinations at health centres and hospitals

located in thé areas in which the index cases
were resident; these approximate to population
controls, as 80-90% of children in Japan are
taken for health examinations. No association
was observed with other infections.
Iп a study of 228 cases of leukaemia diagnosed
before the age of 10 years in the Midlands of
England during the period 1953-60, 10 pairs of
cases diagnosed within 15 months of one
another, and resident within 0.5 km at that time
were identified by the Knox method (Morris,
1990). Data relating to infectious diseases were
available for 18 of the 20 children in these pairs.
Information on matched controls for these
children had been obtained during the on-going
Oxford Survey of Childhood Cancers. During the
2-3 years before the onset of leukaemia, measles
was reported to have occurred more frequently
in the cases than in the matched controls (p =
0.06, based on five discordant pairs). No such
association was apparent when a similar analysis
was carried out for cases who were not members
of close pairs and their matched controls; data
were available for 176 (85%) of the 208
case—control pairs.
In a study of ALL classified by immunophenotype in the цSА and Canada, there was a positive
association between leukaemia of the null-cell
phenotype, which accounted for 11% (66 of 576)
of the cases of known immunophenotype, and
measles reported up to the age of diagnosis
(Buckley et al., 1994). No other noteworthy
association with . a history of childhood
infections was observed.
In a study of leukaemia deaths before the age of
five years in Minnesota, no noteworthy
association with medically recorded episodes of
mumps, measles, chickenpox, pertussis or rubella
was found (Ager et al., 1965). Neighbourhood
controls were used, which may have resulted in
overmatching. As might be expected, no
association was apparent in comparison with
sibling controls.
It has been suggested that bovine leukaemia
virus may be involved in the etiology of
leukaemia iп humans, in part because it is related
to the HTLV family of viruses, and in part
because of reports of an increased risk of adult
leukaemia in dairy farmers (Bender et al., 1988).
Iп addition, lymphoma has several features in
common between humans, cows and other
animals. However, in a study based on 131 cases
of ALL and 26 cases of non-Hodgkin lymphoma
in children in which DNA hybridization
techniques were used, none of the cases or 136
control DNA samples demonstrated the presence
of bovine leukaemia virus (Bender et al., 1988).
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As the tonsils are lymphoid tissue, they may be
important in protection against a variety of
antigens. For this reason, the association
between cancer and tonsillectomy has been
investigated (Cassimos et al., 1973). No
association between tonsillectomy and
childhood leukaemia has been observed
(Freeman et al., 1971; Tî11 et аТ., 1979).
In summary, these studies do not provide clear
support for an etiological role for the
commonest symptomatic infections of
childhood. However, the validity of all of the
studies is limited by one or more of the
following issues: possible selection bias, crude
assessment of exposure or small sample size.

associated with any report in this category was
0.4 (95% CI 0.3-0.7); the authors state that most
of the drugs named were other antibiotics such
as penicillin and streptomycin. This suggests
that the associations with chloramphenicol and
syntomycin cannot be attributed to a systematic
difference in recall of drug use between parents
of cases and controls.
Chloramphenicol can induce bone marrow
depression. The associations with chloramphenicol and syntomycin were somewhat
stronger for ANLL than for ALL. Shu et al. (1987)
observed that this is consistent with a
predominance of ANLL in previous reports of
chloramphenicol-associated leukaemia. However, the observation of an association for both
cell types, as acknowledged by the authors,
raises the question as to whether bias could
explain the result. There was a long interval
between diagnosis (1974-86) and interview
(1985-86) for cases, whereas controls were
recruited in the two-year period 1985-86. It is
interesting that in a study of adult leukaemia in
Shanghai during the period 1987-89 by the
same group (Zheng et al., 1993), no association
was found between chloramphenicol/syntomycin and ANLL or other forms of adult
leukaemia.

Ch!oramphenicol
In the study of leukaemia in 5hanghai, China,
described above, there was a positive association
with use of chioramphenicol (doses of 30-50
mg/kg per day), a broad spectrum antibiotic,
and syntomycin (doses of 60-100 mg/kg per
day), a racemic mixture containing 50%
laevorotatory and 50% dextrorotatory chloramphenicol and having pharmacological effects
similar to those of chloramphenicol (Shu et al.,
1987, 1988). The relative risk associated with
having ever used chloramphenicol was 2.3 (95%
CI 1.7-3.2), and that associated with use of
syntomycin was 1.9 (95% CI 1.1-3.2). There
were marked increases in risk with increasing
total number of reported days of use of chloramphenicol, with relative risks of 1.7 (95% CI
1.2-2.5) for one to five days' treatment, 2.8
(95% C1 1.5-5.1) for six to ten days' treatment,
and 9.7 (95% CI 3.9-24.1) for more than ten
days' treatment. The corresponding relative risks
for syntomycin were 1.5 (95% C1 0.7-2.9), 1.6
(95% CI 0.6-4.4) and 6.8 (95% CI 1.4-33.3). It is
not clear to what extent children received both
drugs. The elevated risk associated with chloramphenicol persisted after adjustment fox a
history of anaemia and when analyses were
restricted to either first or latest use of this
antibiotic more than two years before diagnosis.
This makes it unlikely that the association could
be explained by an undiagnosed pre-leukaemic
condition predisposing to infections which
would subsequently be treated by one or other
drug. The associations persisted after adjustment
for the symptoms associated with use of the
drugs (diarrhoea, dysentery and fever). Iп
addition to a number of specified drugs apart
from these antibiotics about which information
was sought, respondents were asked if the child
had been treated with any other drugs, as an
open-ended question. The relative risk

Other antibiotics
Stewart et al. (1958) investigated the
association between childhood cancer deaths
and treatment with sulfonamides aid
antibiotics first because, then being new drugs,
they might have contributed to the increase in
leukaemia mortality in Great Britain observed in
the 1950s, and secondly because intensive
treatment with sulfonamides occasionally
causes aplastic anaemia. When children who
had a pulmonary infection within two years of
the date of diagnosis were excluded, no clear
association with either group of drugs was
apparent.

Index child's contact with animals
Around 1970, there was considerable
publicity about a possible relationship between
human and animal leukaemia (Penrose, 1970).
With regard to childhood leukaemia, there was
interest iп the possible role of feline leukaemia
virus (FeLV), because of similarities between
human and feline ALL in clinical findings,
laboratory data and response to treatment
(Malone et al., 1983). Iп a study in specified
areas of New York, Maryland and Minnesota
during the period 1959-62, the relative risks of
leukaemia associated with reported exposure to
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15 types of animal ranged from 0.8 to 1.8
(Bross & Gibson, 1970). The only significant
association was with exposure to cats (RR = 1.4,
p - 0.04). Compared with children reported
never to have been exposed to cats, the ageadjusted relative risk associated with exposure
to cats not reported to be Il or to have died was
1.3 (95% CI 0.9-1.7), and that with exposure to
cats reported to have been ill or to have died
was 2.2 (95% CI 1.2-4.1). All but one of the sick
cats was reported to have died. No details of
the length of exposure were presented, or
whether exposure resulted from living in the
same household as the animal or from other
contact.
Penrose (1970) reported that cats were kept in
11 of the households of 28 children with
leukaemia or lymphoma, compared with 5 in
the households of matched healthy controls.
The study was described only in the form of a
letter. Ickinney et al. (1987) reported that the
relative risk of leukaemia or lymphoma
associated with exposure to cats was less than 2
and was not statistically significant.
In a multicentre study of 990 cases of ALL
and 1636 controls with other types of cancer in
the цSА and Canada, the relative risks
associated with maternal exposure to farm
animals was 1.3 (p < 0.05), that with paternal
exposure was again 1.3 (p < 0.05), and that with
the index child's exposure was 1.4 р < 0.01;
Buckley et al., 1994). Similar relative risks were
observed when a subgroup of 404 cases was
compared with individually matched controls
selected by random-digit dialling. Analyses
stratified by immunophenotype also were
carried out. Significantly elevated risks were
observed for the pre-B-cell subgroup. The
exposure was fairly equally divided over a wide
range of farm animals. No overall association
with cat ownership was apparent. However, for
the pre-B-cell subgroup, an elevation in risk
was apparent in comparison with both cancer
controls (RR = 2.0, p < 0.1) and with controls
selected by random-digit dialling (RR = 4.5, p <

Immunizations
Investigations of associations between
immunizations aid childhood cancers were
stimulated by the observation that in a hospital
series in Brisbane, Australia, fewer immunizations
against diphtheria, whooping cough aid tetanus
had been withheld from 59 children with
leukaemia than from 343 patients without
leukaemia admitted in the same period (Innis,
1965). This study was subsequently criticized on
the grounds of selection bias and method of
statistical analysis (Lancaster & Clements, 1965).
In an analysis of deaths due to childhood
cancer before the age of 10 years in Great Britain
during the period 1956-60, leukaemia cases and
cases with other types of childhood cancer had
in general received fewer immunizations of
specific types than matched controls (Stewart &
Hewitt, 1965). In an extension of this study,
including 12 281 deaths due to childhood
cancer under the age of 16 years during the
period 1953-77, Kneale et al. (1986) found
significant deficits of immunized cases of
childhood cancer deaths of all types as
compared to matched controls. The effects were
strongest for immunizations over 10 years of
age, for the oldest cases (10-15 years), and were
stronger for solid tumours than for leukaemia
(which would be consistent with the age
patterns for leukaemia and solid tumours).
In a multicentre study in the USA and Canada
in which analysis of ALL stratified by
immunophenotype was made, there was a
positive association between pre-B-cell ALL and
reported measles/mumps/rubella vaccination
(Buckley et al., 1994). Pre-B-cell ALL accounted
for under 7% of the cases of known phenotype.
Therefore, no consistent association between
leukaemia and immunization has been
identified.

Haematopoietic malignancies and BCG
vaccination
Evidence that tubercule bacilli of the
Calmette—Guérin strain (BCG) can prevent or
suppress challenge from leukaemia or tumour
grafts in laboratory animals led to investigations
as to whether BCG vaccination might reduce the
incidence of cancer in humans, and of
leukaemia in particular (Hoover, 1976). The
most important evidence is from three controlled trials, details of which are summarized in
Table 7.5. In the first trial, in Georgia and
Alabama, USA, the mortality due to leukaemia
and lymphoma did not differ substantially
between vaccinated subjects and controls
(Corisstock et al., 1971). The mortality rate due

0.01).

In a study in adults in the same geographical
area as that in children reported by Bross and
Gibson (1970), significant elevations in the
relative risk of ALL and chronic lymphocytic
Leukaemia associated with exposure to sick cats
were reported (Bross et al., 1972). Reports of
sick cats were not validated, and other studies
have not shown an association between FeLU
in cats and leukaemia in subjects living with, or
otherwise in close contact with, the infected
cats (Lffnet, 1985).
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infection
to these malignancies was higher among those
who were initially tuberculin-positive than
among those who were initially tuberculinnegative. Tuberculin-negative subjects born in
alternate years were assigned to receive
vaccination, the remainder being left as
controls. A similar method of assignment was
used in the trial in Puerto Rico, whereby those
born in the middle year of each trio of years of
birth were left unvaccinated as controls
(Comstock et at., 1975; Snider et al., 1978). This
study was based on cancer incidence rather than
mortality. In the first report of the Puerto Rico
trial, in which the average length of follow-up
was 18.8 years, the vaccinated group had a slight
deficiency of leukaemia cases and an excess of
lyrnphosarcoma and Hodgkin's disease
(Comstock et aL, 1975). The excess of
lymphosarcoma and Hodgkin's disease was also
apparent in the second report, in which the
average follow-up was 23.3 years (Snider et al.,
1978). The excess was concentrated among
subjects who were aged 7-15 years at entry into
the study. In the third trial, assignment to
receive vaccination among the tuberculinnegative subjects was random. The mortality
due to neoplasms of the lymphatic and
haematopoietic tissues was lower in the group
receiving BCG vaccination than in the
unvaccinated tuberculin-negative group, but the
converse was the case for other neoplasms
(Medical Research Council, 1972). Neither
difference was statistically significant. The
mortality from all malignant neoplasms was
greater among those who were initially
tuberculin-positive than among those who were
initially tuberculin-negative.
In cohort studies in Quebec and Chicago, a
significant inverse association between BCG
vaccination and mortality due to leukaeniia was
reported (Davignon et ai., 1970; Rosenthal et al.,
1972; Crispen & Rosenthal, 1976). Two major
criticisms were made of these studies (Hoover,
1976). First, death certificates were matched
only with a register of vaccinated children.
Therefore, failure to match because of factors
such as migration, change of name, adoption or
misspelling could have resulted in a vaccinated
child being included in the non-vaccinated
group. Second, analysis was not made by personyears at risk. Hoover (1976) re-analysed the
study of Rosenthal et al. (1972), with calculation
of an appropriate denominator. The apparent
reduction in mortality due to leukaemia and
total cancers was 50% for each, in contrast to
80% and 85% respectively in the initial report.
Although the effect of matching death

certificates only with a register of vaccinated
children cannot be assessed, the studies are
interesting in that, in contrast to the trials, in
Quebec a substantial proportion of children
(Davignon et al., 1971), and in Chicago all
children, were vaccinated in the neonatal
period. It has been speculated that maximal
protection would be conferred only by
vaccination in the neonatal period (Hoover,
1976).

In a case—control study in Finland of
childhood cancer during the period 1959-68,
the BCG vaccination status of the infant was
established from the maternity health centre
record which includes details of the index
pregnancy and perinatal health of the baby
(Salonen, 1976). Routine vaccination at the
maternity hospital began in the 1950x. As of the
1970x, about 99% of newborns were vaccinated
in hospital, infants weighing under 3000 g being
vaccinated later. BCG vaccination status could
be assessed for 76.5% of cases and controls. In
controls, who were the births immediately
preceding that of a cancer case in the same
maternity health centre, 90% were vaccinated.
The relative risk of leukaemia was 0.8 (95% CI
0.3-2.1, based on 373 cases). No association was
observed for total childhood cancer and the
relative risks of specific tumour types other than
leukaemia were in 'the range of 1.0-1.3 for all
except eye tumours (0.3, 95% CI 0.0-6.1, based
on 37 cases). The total incidence of childhood
cancer did not differ substantially from that in
counties with a much lower BCG vaccination
rate (Sabnen & Saxén, 1975).
In a study of 63 cases of non-T-cell ALL in
Hokkaido, Japan, each of whom was matched
with two healthy controls on age, sex and
residence, the relative risk associated with BCG
vaccination was 0.3 (95% C1 0.1-0.8; Nishi &
Miyake, 1989). The proportion of controls
vaccinated was 94% (118 of 126) compared with
83% (52 of 63) cases. The association was
apparent only in children aged less than 7 years
at diagnosis. In Japan, BCG vaccination is
usually given first at the health examination at
3-4 months of age. It is given again compulsorily
to tuberculin-negative reactors at the age of б or
7 years, that is at entrance to elementary school.
An inverse association was also found for X-ray
of the hip joint, a procedure usually carried out
at the 3-4 month health examination.
Performance of this examination and of the BCG
vaccination were more closely related with one
another in controls than in cases, and the
authors suggest that cases may have received
BCG vaccination later than controls.
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BCG vaccination was introduced in New

Zealand in 1951 (Skegg, 1978). It was offered to
children entering secondary school, usually at
age 13 years. The school vaccination programme
has continued in the North Island, in which
about two thirds of the population reside, but
was gradually withdrawn in the 5outh Island
during 1961 and 1962.
.
Skegg (1978) compared
incidence and mortality rates of leukaemia aid
lymphoma among non-Maori children in the
two islands, before and after vaccination was
stopped in the South Island. The population at
risk before vaccination was stopped comprised
children who attained the age of 13 during the
period 1955-59; 54% of the children resident in
the North Island were vaccinated and 50% of
children in the South Island. The mortality rates
for leukaemia and lymphoma were similar. The
registration rate for leukaemia on the North
Island (21.2 per million person years) was
significantly lower than that in the South Island
(37.7 per million person years), whereas the
registration rates of both Hodgkin's and nonHodgkin lymphomas did not differ greatly.
However, registration may have been
incomplete in the North Island because there
were fewer registrations than deaths attributed
to leukaemia. The population at risk after
vaccination was stopped in the South Island
comprised children who attained the age of 13
during the period 1963-73; 78% of the children
resident in the North Island were vaccinated,
compared with 1% of children in the South
Island. The leukaemia registration rates were
similar for the North and South Island, although
the mortality rate was higher in the North than
in the South Island; this difference was not
statistically significant. Mortality and incidence
rates for Hodgkin's disease were similar between
the two islands. The death rate due to nonHodgkin lymphoma was four times higher on
the North than on the 5оиth island, but the
difference between incidence rates, although in
the same direction, was small and not
statistically significant. Comparison of agestandardized mortality rates for non-Hodgkin
lymphoma showed that the death rate in the
North Island increased with the proportion of
children vaccinated, while in the South Island
the rate declined after vaccination was
withdrawn.
Since 1945, newborn children have received
BCG vaccination in Sweden, school entrants
(age 7 years) in Denmark and school leavers (age
13-14 years) in Norway (Waaler, 1970). Waaler
(1970) compared age-specific mortality rates for
leukaemia between these countries in the mid
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1960s. The mortality rate in the 0-4-year age
group was lower in Sweden, in the 5-9-year age
group in Denmark and in the 10-14-year age
group in Norway than in the other countries.
While this pattern may be consistent with a
protective effect of BCG vaccination, it is also
possible that these differences represent chance
fluctuations.
BCG vaccination was introduced in the 1950s
in the United Kingdom for 13-year-old
schoolchildren. In England aid Wales, the
population vaccinated increased from 7% in
1954 to 65% in 1967 (Hems & Stuart, 1971). For
males, in England aid Wales and in 5соtlапд,
leukaemia mortality rates in the 15-19-year age
group declined from the end of the 1950x, and
in the 20-24-year age group from the mid 1960s.
The trend in the 15-19-year age group was also
apparent in females, but there was no decline in
the 20-24-year age group. The authors
acknowledged that other factors could account
for the observed decline, and that the apparent
absence of a decline in women aged 20-24 years
is not consistent with a protective effect of BCG
vaccination.
Kinlen and Pike (1971) observed that in
Canada, substantial proportions of infants
received BCG vaccination only in Quebec and
Newfoundland, and in Scotland, only in
Glasgow. These authors compared leukaemia
mortality in Quebec with that in Canada
excluding this province and Newfoundland (for
which the data were incomplete), and in
Glasgow with that in the rest of Scotland. For
each of the age groups examined (0-4, 5-9,
10-14 and 15-19 years), mortality due to
leukaemia in Quebec was no lower than in the
rest of Canada. In Glasgow, mortality was lower
in the 5-9 and 10-14-year age groups than in
the rest of Scotland (0/E ratios 0.6 and 0.7
respectively in period 1951-69), but this was
most striking in the period 1955-59, when a
negligible proportion of children could have
been vaccinated. In subsequent years, as the
proportion of vaccinated children increased, the
ratio of observed to expected numbers of deaths
attributed to leukaemia increased. Subsequently,
it was reported that deaths due to cancers other
than leukaemia showed similar patterns
(Hoover, 1976).
BCG vaccination of newborns was introduced
in Austria in 1949 (Ambrosch et al. 1986).
During the period 1964-75, an inverse
association between the time trend in the BCG
vaccination rate and that in the leukaemia
mortality rate for the 0-5-year age group was
found (based on four points, representing
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order (see Chapter 9). The relationship is not
apparent in more recent studies, including those
based on newly incident cases.
Thus, there is no consistent association
between ALL and sibship size. No association was
found in studies of leukaemia and lymphoma
combined, but these had low statistical power to
detect an effect.

triennia). Similarly, there was an inverse
geographical association when the five largest
provinces were compared during the period
1966-75. This analysis is very limited. It would
have been relevant to assess other age groups
and mortality due to other types of cancer.
In summary, there is no consistent
relationship between BCG vaccination and the
subsequent risk of leukaemia and other
haematopoietic malignancies.

Daycare
Alexander (1993) noted that daycare of the
index child and of the siblings is probably the
best available proxy measure of exposure to
infections. In a hospital-based study of.
childhood leukaemia in Athens and its
surrounding region and in Crete, an inverse
association was found with attendance at a
crèche (RR = 0.7, 95% CI 0.4-1.1; Petridou et al.,
1993). For attendance for a period of three
months or more during the first two years of life,
the relative risk was 0.3 (95% CI 0.1-0.9). The
control series comprised children attending
outpatient clinics of the hospitals in which the
children with leukaemia were treated, because of
"general paediatric problems" (53.5%; 100 of
187), surgical and orthopaedic problems (27.3%;
n = 51), otolaryngological problems (12.3%; n =
23) and ophthainiic problems (7.0%; n = 13). The
authors stated that the results were not
appreciably affected by considering only control
children with general paediatric problems. In
addition, changing the definition of attendance
at a crèche early in life, or restricting analysis to
children aged five years or more at diagnosis, did
not substantially alter the . results. The
participation rate of cases was 74% (136 of 183)
and of controls 72% (187 of 260), but the authors
observed that the control parents who refused to
participate were mainly of lower social class.
Social class, as assessed by years of education of
the mother was not strongly associated with the
child attending a crèche. As it is possible that
referral for "general paediatric problems" is
associated with crèche attendance, selection bias
cannot be excluded as a potential explanation
for the finding.
In a study of children aged 0-4 years in the
vicinity of nuclear establishments in southern
England, the relative risk of leukaemia and nonHodgkin lymphoma associated with the index
child having attended a preschool playgroup for
three months or more in the year before
diagnosis was 0.7 (95% CI 0.3-1.9; Roman et al.,
1994). The controls were selected from hospital
delivery registers and matched with the cases by
sex, date of birth, maternal age, and area of
residence at birth and at the time of diagnosis.

Sibship size
Sibship size might be expected to be crude
marker of probability of exposure to common
childhood infections. A weak inverse association
with increasing sibship size reported in a study of
ALL in the Netherlands (Van Stееnsel-Moll et al.,
1986) was not confirmed in a study in Minnesota
(Kaye et aI., 1991) or in a multicentre study in the
USA and Canada (Buckley et aI., 1994). In a study
in Denmark, an inverse association between
sibship size when the index child was one year
old and the risk of ALL diagnosed at age 1-4
years was observed (RR = 0.9, 95% CI 0.8-1.0;
Westergaard et aI., 1997). No association between
ALL and sibship size at the age of two, three or
five years was found. Iп the same study, there
was a positive association between AML and
sibship size. This was most pronounced when
the sibship size at the time when the index child
was aged two or three years was considered. The
relative risk of acute myeloid leukaemia (AML)
for a sibship size of two or more when the index
child was two years old was 2.5 (95% C1 1.5-4.4),
compared with being an only child at that age,
and the relative risk associated with each extra
child in the sibship was 1.5 (95% C1 1.1-1.9).
Similar relative risks were observed when the
sibship size at age three years was considered.
In the two studies of ALL in which the age
interval to the nearest older sib was considered,
no consistent association was found (Kaye et ai.,
1991; Westergaard et aI., 1997).
In children aged 0-4 years in the vicinity of
two nuclear establishments in southern England,
there was no association between sibship size
and leukaemia and non-.Hodgkin lymphoma
(Roman et al., 1994). No noteworthy relationship
was reported in a study of leukaemia and
lymphoma in the Midlands and northern
England (Ickinney et aL4 1987) or in a hospitalbased study in Turin, lta1y (Magnani et aL, 1990).
These studies were smaller, and therefore had
lower statistical power, than those relating
specifically to ALL. In early studies of deaths due
to leukaemia in childhood, a weak inverse
relationship was found with increasing birth
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Thus, in both available studies, the relative
risk of leukaemia associated with daycare was
less than one.

The lymphomas
Burkitt's lymphoma and postnatal
infection with Epstein-Barr virus
In reviewing the association between Burkitt's
lymphoma and Epstein—Barr virus (EBV), it is
helpful to distinguish studies carried out (1) in
areas where Burkitt's lymphoma is endemic, in
which childhood lymphomas account for up to
80% of all cancers of children; (2) in nonendemic areas which include the industrialized
countries where Burkitt's lymphoma accounts
for about 3% of childhood tumours; and (3) in
areas 0f intermediate incidence of Burkitt's
lymphoma, such as North Africa, where the
tumour accounts for up to 15% of childhood
cancer (de-Thé, 1985; see Chapter 2). This
distinction suggests that there is a background
incidence of Burkitt's lymphoma which is not
related to EBV, superimposed on which EBV and
perhaps hyperendemic malaria appear to have a
prominent role in increasing the incidence of
these tumours.

Studies in areas where Burkitt's lymphoma is
endemic
The association between Burkitt's lymphoma
and EBV is based on seno-epidemiologic studies
and the demonstration of EBV genomes in the
majority of tumours from endemic areas. Studies
carried out in the late 19б0s showed that
patients with Burkitt's lymphoma consistently
had much higher antibody titres to EBV viral
capsid antigen and EBV early antigen than did
controls (de-Thé, 1985). In a prospective cohort
study in the West Nile district of Uganda,
approximately 32 000 serum samples were
collected from children aged up to 8 years old
living in five selected counties of the district
during the period 1972-74 (de-Thé, 1978; Geser
et aL, 1982). Follow-up of this cohort was
continued until March 1979, when civil
disturbances in Uganda reached the district and
all project activities had to cease. A total of 16
confirmed cases of Burkitt's lymphoma was
identified in the cohort. The relative risk
increased multiplicatively by a factor of 5 for
each standard deviation by which the viral
capsid antigen titre was above the average in
controls matched for age and sex. The level of
other anti-E 1V antibody titres did not differ
between cases and their matched controls
232

selected from the cohort Thus, the elevation of
EBV antibody levels before the manifestation of
Burkitt's lymphoma was limited to the viral
capsid antigen specifically. Comparison of
antibody levels in prediagnostic serum samples
and postdiagnostic samples showed that the
clinical development of Burkitt's lymphoma did
not increase the high viral capsid antigen
antibody titres observed 1-5 years before disease
onset. This indicates that the high viral capsid
antigen antibody titres consistently observed in
Burkitt's lymphoma cases from endemic areas
were not secondary to the development of the
disease. Nucleic acid hybridization studies
demonstrated EBV DNA within the great
majority of Burkitt's lymphoma cases from
endemic areas (de-Thé, 1985).
When the Ugandan prospective study was
initiated, one hypothesis was that Burkitt's
lymphoma developed in those who had a later
than average infection with EBV (Smith, 1985).
The results failed to support this hypothesis, but
did not establish that early infection was a risk
factor. Nearly all of the cases and the matched
controls selected from the cohort had already
been infected with EBV. While one of the 16
cases was bled at three months of age and had a
very high antibody titre, two of the four controls
for this patient also had high antibody titres at
three months. The risk factors for persistently
high antibody titres have not been determined.
The association of the disease with EBV
infection does not explain the descriptive
epidemiology of Burkitt's lymphoma — the
geographical distribution, the relationship with
age, the observation that in general it is the
males that are predominantly affected. This
suggests that the major epidemiological features
of thé disease must be due some other exposure
or exposures. The factor most discussed in this
respect is persistent and heavy malarial
infection (Smith, 1985).
Analysis of the coding region of the EBNA-2
gene in endemic Burkitt's lymphoma has
revealed a high prevalence of both EBV type A
and type B (Young et al., 1987). This reflects the
high prevalence of both types of EBV in the
general population in equatorial Africa, and may
be indicative of the presence of some immunodeficierncy, as there is an increased frequency of
type B EBV in various immuno-compromised
groups, such as those with AIDS (Sculley et al.,
1990).

The geographical distributions of holoendemic malaria and Burkitt's lymphoma are
similar (Booth et al., 1967; Burkitt, 1969; Kafuko
& Burkitt, 1970). However, the incidence of
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Burkitt's lymphoma is low in certain parts of
Latin America and south-east Asia where there
are high rates of malaria parasite infection. A
possible explanation for this inconsistency is
that there are considerable differences in
transmission intensity of malaria that can
support high levels of parasitaemia by
Plasmodium falcipаrm (Morrow, 1985). The
transmission intensity may be 10 to 100 times
greater in tropical Africa than in parts of Latin
America and south-east Asia, and this shows a
closer association with Burkitt's lymphoma than
the simple occurrence of falciparum malaria.
There is a close correlation between the age at
which maximum anti-malarial immunoglobulin
is acquired and the age of onset of Burkitt's
lymphoma (O'Conor, 1970). This suggests that
the intensity of host response to malaria is more
important in the relationship to Burkitt's
lymphoma than infection with malaria itself.
Little difference in levels of malaria antibodies
has been found between patients with Burkitt's
lymphoma and controls, but in most studies, by
the time the diagnoses of Burkitt's lymphoma
have been made, most patients had received one
or more courses of anti-malarial drugs, whereas
controls were less likely to have received these
drugs (Moxrow, 1985). In a study in Ghana, no
association between levels of antibodies to EBV
and malaria was found (Biggar et al., 1981),
indicating that if malaria is involved in the
etiology of Burkitt's lymphoma, this is
independent of EBV. In studies in Papua New
Guinea and the Gambia, malaria was found to
reduce the T-cell-mediated control of EBV
immortalized cells, suggesting that malaria may
promote Burkitt's lymphoma by suppressing
cell-mediated immunity (Moss et aI., 1983;
Whittle et al., 1984). If severe malaria were to
play a critical role in the etiology of Burkitt's
lymphoma, the sickle-cell trait, which protects
against malaria, should also have a protective
affect against Burkitt's lymphoma. However, no
clear relationship between the two conditions
has been identified (Morrow, 1985).
Geser et al. (1989) carried out a malaria
suppression trial in North Mara district,
Tanzania, to determine whether the incidence of
Buxkitt's lymphoma could be lowered by
reducing the level of malarial infection in a
child population below 10 years of age by means
of chloroquine distribution. Immediately after
the initiation of the trial, the prevalence of
malaria declined in children in the area, but it
rose again in spite of continued distribution of
chloroquine. This was due to inefficiency of the
peripheral drug distribution and not to

chloroquine resistance, which did not develop
in the area until 1982. The trend in the
incidence of Burkitt's lymphoma in the area
appeared to run parallel to the trend in malaria
prevalence, with a lag time of two years.
However, the possibility could not be excluded
that the decline in the incidence of Burkitt's
lymphoma in North Mara might have started in
1972, five years before the chloroquine trial was
initiated. In the Mengo districts of Uganda,
there was a marked decline in the incidence of
Burkitt's lymphoma during the 19б0s, when
case ascertainment was improving (Morrow,
1985). While no specific malaria vector control
procedures were in operation during the period,
the amount of chloroquine distributed increased
greatly, aid there was a substantial decline in
infant mortality. Decreases in the incidence of
Burkitt's lymphoma in Natal and New Guinea as
well as in Uganda appear to have occurred as a
result of an increase in programmes of malaria
eradication (Miller, 1990). This may also
account for the low incidence of Burkitt's
lymphoma on the islands of Zanzibar and
Pemba, which Lie just 20 miles off the coast of
Tanzania, where the tumour is endemic.
Еирhоrbiа tirucali has a similar distribution to
endemic Burkitt's lymphoma in Africa. This
plant contains diterpene esters which activate
latent EBV within a cell aid enhance the
production of complete virions (Ito, 1985). In a
study in Malawi, patients with Burkitt's
lymphoma and age—sex-matched controls were
visited and plants growing or present
immediately around the house were recorded,
using a scoring system for the number of plants
and their distance from the home (van den
Bosch et al., 1993b). 0f four plants with known
EBV-promoting capacity, two (E. tirucalli and
jatropha curcas) were found significantly more
often in the vicinity of the homes of cases than
of controls. Significant positive associations
between the disease and the presence of other
plants in the Euphorbia family, tobacco and
plants used commonly as traditional medicines
were found, but not with plants used for
building or other purposes. There was no
significant association with the score for the
number of plants and their distance from the
home. For each case, one hospital control aid
two control children resident in the same village
as the case, but not immediate neighbours, were
selected. Similar results were obtained when
comparison was made with each group of
controls separately. An extract of E. tirucalli has
been shown to induce continuous mitosis and
chromosomal rearrangements in EBV-infected B-
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in Egypt, and was found in cases from Costa Rica
and Kenya also. Cases with dual infections of
type 1 and type 2 were observed in Costa Rica

lymphocytes in vitro (Aya et al., 1991).
Approximately 10% of the chroinosomal
rearrangements were the characteristic 8:14
translocation seen in Burkitt's lymphoma,
involving activation of the c-myc oncogene. The
chromosomal changes induced by the E. tinwalli
extracts were observed only in the presence of
EBV infection.

(48%; 13/27), Kenya (36%; 9/25) and the UK

(20%, 2/10). While infection with one strain of
EBV might be expected to confer immunity to
the other strain, the high levels of dual infection
in Costa Rica and Kenya suggests that an
underlying immune deficiency might account
for the high proportion of cases positive for
LIP1 observed in these countries. Limitations of
the study include the lack of specification of how
the archival specimens were sampled, and the
small number of specimens analysed in some of
the countries.

Burkitt's lymphoma in areas of Iow and
intermediate incidence
In studies in developed countries, the
proportion of Burkitt's lymphoma cases found to
be associated with EBV, either serologically or by
testing for the presence of EBV DNA, has been
30% or less (de-Thé, 1985; Shiramizu et al., 1991;
Hummel et al., 1995). In 5oиth America, where
the incidence of Burkitt's lymphoma appears to
be intermediate between that in tropical Africa
and in developed countries, the proportion of
Burkitt's lymphomas positive for EBV has been
found to range from 25 to about 70% (Gutierrez
et al., 1992; Drut et al., 1994; Bacchi et al., 1996).
In contrast to Burkitt's lymphoma in areas where
there is a high prevalence of EBV of both types A
and B, in Brazil a high proportion of cases was
associated with type A but not type B (Cheer et
аl., 1996). This pattern has also been observed in
Egypt and Turkey (Cavdar et al., 1994; Anwar et
а1., 1995).

Lymphoma and HIV infection of the
index child
HIV infection may become an important cause
of childhood cancer. Iп the USA in 1989, an
estimated 1.5 per 1000 women giving birth were
infected with HIV, and the perinatal
transmission rate is of the order of 30% (Gwinn
et al., 1991). Among 1321 children enrolled in
the Italian Register for HIV Infection in Children
as of 30 March 1990, seven had developed
malignant tumours (Aricд et al., 1991). There was
one case of Kaposi's sarcoma in a haemophiliac
child aged 11 years. Among the other six cases
born to HIV-positive mothers, four developed
non-Hodgkin B-cell lymphomas at ages between
five months and four years, one developed an
acute B-cell lymphoblastic leukaemia at 18
months, and one was diagnosed with
hepatoblastoma at 4.9 years.
Rabkin et al. (1992) studied the incidence of
non-Hodgkin lymphoma and other cancers in
relation to HIV seropositivity in a cohort of 1701
patients with haemophilia and related clotting
disorders. The relative risk of non-Hodgkin
lymphoma in HIV-positive subjects compared
with the general population was 38 in subjects
aged 10-39 years, and 12 in older subjects. In the
total cohort, the relative risk of Kaposi's sarcoma
in HIV-positive subjects compared with the
general population was 200 (based on two
exposed cases). The incidence of the types of
cancer was not increased in the 11V-positive
subjects, and HW-negative subjects with
haemophilia had no significant increase in
cancer incidence.

Hodgkin's disease and postnatal
infection with Epstein-Barr virus
EBV has been detected in high proportions of
tumour samples of paediatric cases of Hodgkin's
disease (Armstrong et al., 1993; Weinreb et al.,
1996). In a study of 55 cases diagnosed under the
age of 15 years in Brazil, Sаudi Arabia and the
UK, the tumours of children under 10 years of
age were particularly likely to be EBV-associated
(24 of the 27 cases; Armstrong et al., 1993).
Weinreb et al. (1996) investigated a series of 277
archival tissue samples from children diagnosed
with Hodgkin's disease before 16 years of age in
ten countries: Australia, Costa Rica, Egypt,
Greece, Iran, Jordan, Kenya, South Africa, the
United Arab Emirates and the UK. The
proportion of cases positive for EBV latent
membrane protein 1 (LMP1) varied between 50%
and 100%. Compared with samples from the UK,
the proportions positive for LMP1 were
significantly elevated for samples from Greece,
Costa Rica aid Kenya. Using a polymerase chain
reaction based typing technique, EBV strain type
1 was predominant in childhood Hodgkin's
disease samples from Australia, Greece, South
Africa and the UK, while type 2 was predominant

Non Hodgkin lymphoma and postnatal
infection
As discussed in relation to childhood
leukaemia, blood transfusion is a potential
route whereby infants may be exposed to blood234
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borne infections. In a few studies, the
relationship between childhood cancer and
exchange transfusions recorded in medical
records or reported retrospectively by the
parents has been investigated. No association
has been observed with childhood nonHodgkin lymphoma (Adami et al., 1996). In the
study of Memos and Doll (1994) described
above, one case of childhood non-Hodgkin
lymphoma was observed, compared with 1.08
expected (RR = 0.93, 95% CI 0.02-5.16).
However, at ages 15-49 years, the relative risk of
non-Hodgkin lymphoma was 2.2 (95% CI
0.6-5.5), similar to that seen in a study of Iowa
women (Cerhan et al., 1993).

maternal polio vaccination during pregnancy
and brain tumours (RR = 0.3, 98% CI 0.0-1.9;
5alonen & 5axén, 1975). As the proportion of
control mothers who received polio vaccination
was only 3%, this study had limited power to
detect an association. Moreover, the study was
not designed to investigate the possible risk of
5V40 contamination.

Maternal contact with animals during
the index pregnancy
In view of an observation that more children
with brain tumours than normal controls were
reported to have lived on farms and to have
been exposed to farm animals early in
childhood (Gold et al., 1979; see below), Kuijten
et al. (1990) considered the association between
astrocytoma and maternal contact with pets or
farm-related animals during pregnancy. The
odds ratio was 1.1 (95% CI 0.6-2.1, based on 53
discordant pairs). In New South Wales, Australia,
no significant association was found with the
mother having lived or worked on a farm in the
month before or during pregnancy, or with the
mother having been in contact with cats during
this period (McCredie et al., 1994а). In a study
based on a similar protocol in the Paris area of
France, the relative risk of brain tumours
associated with maternal farm residence during
pregnancy was 2.5 (95% CI 0.4-16.1; Cordier et
al., 1994). The relative risk associated with
presence of a cat in the home during pregnancy
was 1.6 (95% CI 0.8-3.3); more mothers of cases
than mothers of controls reported that they had
been scratched by a cat (RR = 5.1, 95% CI

Brain tumours

Material infection during pregnancy
In the two available studies, no consistent
association between brain tumours and reported
maternal infection during pregnancy was
apparent (Birch et a1., 1990b; Bunin et al.,
1994b).

Maternal polio vaccination during
pregnancy
An increased registration rate of brain tumours
in children was observed in Connecticut during
the late 1950s and early 1960s, principally
among children born in the period 1955-60
(Farwell et aТ., 1979). The polio vaccine used in
Connecticut between 1955 and 1961 was
subsequently found to contain the virus SV40,
which has produced tumours of the CNS in
experimental animals. Farwell et al. (1979)
identified 120 children born during the period
1956--62 who were diagnosed with brain
tumors under the age of 20 years from records
of the Connecticut Tumour Registry. One third
of these cases were chosen randomly for study,
together with two controls for each case
matched on sex, date and town of birth, selected
from birth certificates. A questionnaire was sent
to the obstetrician who delivered the index
child, enquiring whether the mother had
received polio vaccination during pregnancy.
The relevant information was returned for 38
cases (95%) arid 52 controls (65%). It was stated
that 8 of 23 (35%) of glioma patients and 10 of
15 (67%) of medulloblastoma patients had been
exposed to 5V40, compared with 21% of
controls. In a study of 245 case—control pairs in
Finland, in which data on vaccination were
obtained prospectively during antenatal clinic
visits, there was an inverse association between

1.2-21.6).

In a multicentre study in the USA and Canada,
there was no association between astrocytome
or primitive neuroectodermal tumours of the
brain and cat ownership, or the mother having
changed the litter box, during pregnancy (Bunin
et al., 1994Ь).

Contact of the index child with
animals
The observations of Bross and Gibson (1970),
together with evidence that brain tumours
could be induced in a variety of species by
known animal oncogenic viruses, stimulated
Gold et al. (1979) to investigate the association
between childhood brain. tumours and the
index child's exposure to animals. The relative
risk associated with residence on a farm was 4.0
(p = 0.04, based on 15 discordant pairs) in
comparison with controls selected from birth
certificate files; no association was found in
comparison with controls with other types of
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cancer. Compared with birth certificate
controls, the relative risk associated with
exposure to sick pets was 4.5 (p = 0.07, based on
11 discordant pairs), whereas compared with
children with other types of cancer, no
association was apparent (RR = 1.3). No
association with sick pets was found in a
subsequent study in Toronto, Canada (RR = 1.1,
95% CI 05-2.4; Howe et a1., 1989), and there
was no association with the child having been
in contact with animals in a study in New South
Wales, Australia (McCredie et al., 1994b). In a
study in France based on a similar protocol to
that of the study in New South Wales, an
elevated relative risk (RR = 6.7, 95% CI L2-38)
of brain tumours associated with farm residence
of the index child was observed (Cordier et al.,
1994). This did not appear to be accounted for
by reported contact with any particular type of
animal.

Postnatal infection
In a record-linkage based study of 570
childhood brain tumours and 2850 controls in
Sweden, treatment by exchange transfusion was
associated with a two-fold excess risk (Linet et
al., 1996). Two of the three cases treated by
exchange transfusion developed plexus
papillomas. No association was found in small
studies of brain tumours, in which there would
have been low statistical power to detect an
association (Cordier et al., 1994; McCredie et al.,
1994b). No association between neonatal or
intrauterine transfusion and solid tumours of
childhood was found in the study of lemon
and Doll (1994).
In the Swedish record-linkage based study, a
positive association between brain tumours and
neonatal infections was observed (RR = 2.4, 95%
CI 1.5-4.0; Linet et al., 1996; Table 7.6). This did
not appear to be specific to any particular type
of brain tumour. A cumber of other indicators
of neonatal distress were associated with brain
tumours in this study (see Chapter 10). In
substantially smaller studies, no association
between brain tumours and postnatal infection
(Gold et al., 1979) or meningitis (Cordier et al.,
1994; McCredie et al., 1994b) was observed.
As the tonsils are lymphoid tissue and
therefore may be important in the protection
against a variety of antigens, a number of
investigators have studied the association
between cancer and tonsillectomy (Cassimos et
а1., 1973). However, no association between
tonsillectomy and brain tumours (Gold et al.,
1979; Preston-Martin et a1., 1982) has been

Other types of childhood cancer
NeuroЫаstoma
In a sigle study, there was a positive
association between neuroblastoma and acute
vaginal infections and treatment for them during
pregnancy (Michalek et al., 1996). In a study in
North Carolina, no clear association with
immunization history as recorded in hospital
records was found (Greenberg, 1983; Table 7.6).

Retiпоыаstoma and postnatal
infection
The retinoblastoma gene product (p-105 RB)
has been shown to form stable protein complexes
with the oncoproteins of three DNA tumour
viruses (DeCaprio et al., 1988; Whyte et al., 1988;
Dyson et al., 1989). It has been postulated that
these oncoproteins inactivate the product of the
retinoblastoma gene, which is thought to have a
suppressor effect (Matsunaga et al., 1990). The
viral hypothesis for the etiology of nonheritable
retinoblastoma has not been tested directly in
epidemiological studies and patients have not
been screened for antiviral antibodies.

Wilms' tumour and maternal infection
during pregnancy
4lshan et al. (1993) found a relative risk of
Wilms' tumour associated with maternal use of
antibiotics during pregnancy of 2.0 (95% CI
1.0-3.7). There was no association with infections
of any type except `other', mostly yeast, and the
authors noted that both antibiotic use and yeast
infection were found to be over-reported by
mothers of children with malformations in a
validation study (Wexler et al., 1989). Iп the study
of Bunin et al. (1987), exploratory analysis
showed a positive association with vaginal
infection during pregnancy (RR = 5.5, 95% CI
1.0--71.9, based on 13 discordant pairs). The
relative risk for use of a vaginal cream or
suppository was 5.0 (not statistically significant,
based on six discordant pairs).

Hepаtоыа tomа

In the one available study, there was no
association between hepatoblastoma and
maternal influenza or varicella infection during
pregnancy, or use of antibiotics during the index
pregnancy or the year before it (Buckley et al.,
1989а).

Ewing's sarcoma and postnatal
infection
In view of immunahistochemical similarities
between blastoma and Ewing's sarcoma, and a

observed.
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Germ-cell tumours and maternal
infection during pregnancy

case report of a patient with persistent polyclonal
B-lymphocytosis, EBV antibodies and subsequent
malignant pulmonary blastoma, EBV-specific
genome sequences were sought in material from
seven patients with Ewing's sarcoma (Daugaard et
ai., 1991). EBV could not be demonstrated in
these tumours by a polymerase chain reaction
method.
In a case-control study in the USA of Ewing's
sarcoma diagnosed up to the age of 31 years, no
noteworthy association with postnatal
chickenpox, measles, rubella or infectious
mononucleosis was found (Holly et aI., 1992).

Two case—control studies of germ-cell tumours
of all types and maternal infection during
pregnancy are available, one based on 41 cases
(25 malignant, 16 benign) in northern England
(Johnston et al., 1986), the other based on a
multicentre study of 105 cases with malignant
germ-cell tumours in the USA and Canada (Shu et
а1., 1995а). In the study of Shu et al. (1995а),
there was a positive association with reported
maternal urinary infection during pregnancy (RR
= 3.1, 95% CI 1.5-6.6). There was no association
with other infections. No association with
maternal infection of any type was seen in the
study of Johnston et al. (1986).

Osteosarcoma
In a case—control study of osteosarcoma
diagnosed at ages up to 24 years, there was no
association with reported maternal exposure
during pregnancy to polio, rubella, measles,
mumps, chickenpox or influenza (Operskalski et

а1.,

Germ-cell tumours and postnatal
exposures related to infection
In the multicentre study of malignant germ-cell
tumours in children the ц5А and Canada, no
association with antibiotics taken by the index
child with any infections or any viral infections
within six months of birth, or with mumps up to
the age of diagnosis, was found (Shu et al.,
1995а). The relative risk of germ-cell tumours
associated with blood transfusion within six
months of birth as reported by the parents was
3.5 (95% CI 0.8-15.9). The relative risk associated
with smallpox vaccination was 0.5 (95% CI
0.3-0.9). The relative risks associated with other
types of vaccination were in the range 0.7-2.4;
none was statistically significant. No association
with tonsillectomy, of possible interest as the
tonsils may be important in the protection
against a variety of antigens (Cassimos et a1.,
1973), was found.

1987).

so ft-tissue sarcoma and postnatal

infection and immunization
In a small exploratory study, a positive
association between rhabdomyosarcoma and
whooping cough was observed (Grufferman et сй.,
1982). No other associations were apparent in the
two available studies, both of which were small
(Table 7.6). In a study of total childhood cancer irn
northern England in which nine groups of drugs
were considered, only one significant difference
emerged from a total of 675 comparisons (Hartley
et ai. 1988а). This was a positive association
between soft-tissue sarcomas and medically
recorded antibiotic use during the neonatal
period (RR = 6.8, 95% CI 1.1--71.2), which was
mainly accounted for by children with rhabdomyosarcoma (Hartley et al., 1988b).
In the study of Grufferman et al. (1982), cases
with rhabdoyosaтcoma had received substantially fewer routine childhood immunizations
than controls. The relative risk associated with
smallpox vaccination was 0.2 (95% CI 0.1-0.6),
with measles/mumps/rubella immunization 0.3
(95% CI 0.1-1.5) and with diphtheria/
tetanus/pertussis immunization 0.7 (95% CI
0.1-7.6). All 33 cases and 96 of 98 controls had
received poliomyelitis immunization.
No association of sibship size with soft-tissue
sarcoma was found iп a study in Italy (Magnani et
ai., 19$9), or with rhabdomyosarcoma in a small
study in North Carolina (Grufferman etal., 1982).
In the study in North Carolina, no association
between rhabdomyosarcoma and exposure of the
index child to cats or dogs was found
(Grufferman et al., 1982).

All types of childhood cancer combined
and immunization of the index child
In a study in northern England, children who
were reported by their mothers never to have
received one of the standard immunizations
(against tetanus, diphtheria, whooping cough,
poliomyelitis, measles, smallpox or rubella) were
found to have a significantly higher risk of
developing childhood cancer compared with
children who had received one or more of the
standard vaccines (RR = 3.6, 95% CI 1.6-8.2;
Hartley et al., 1988a). Children under two years
of age at diagnosis were excluded from the
analysis because, in this age group, symptoms
preceding the onset of the tumour may have led
to immunization not being carried out. The
authors observed that where an explanation for
non-immunization had been given at interview,
no consistent reason was specified. The

237

Epidemiology of Childhood Cancer

u,

In
Y
I

O

7а,

a
Q

I
In

^_1

а,

_

Г
-

r__. . r

г

-'

rr а

a

Q. V

r. "I

W

ri

а

'т

-J

гР

з

г

C

In

't! '' -a

п r--.~ д

a

-J ^

'-, т
0d

д'

n

'а
гГt

п~

п

г

L

_
_

i

'

4.

S

ј.

-

ai

з

Ч

;r
Y

r'

â

рг
,

y

d

К.

уΡ
4
~

~

.
: L

н

-

,'чi
,

ii T

:a

-

-гг

nI
-T

J

r

inn

a

'a

Ë
Ь
.~ 0.

G н,r

г

a-1

г

r

~
s

т

л

~ i

т

Cд

г

y

-д '

-

J ~!

r r

I
7 ~

w ..,

"

~

ai

гг
п

_

pp

~

з ,"_ -

In

l

гJ

в

~

aiг
з

а

a

y

а

-

-~

0Ÿ

~ гч ~

~.

г -.

238

~ .=i

v
~уΡ

VY ~

i
C
4чП

-

Infection
I

д

~

f

~
K

4

~

G

г

q C

w
г гΡ,

~ј~

v

7 '-

н pF
U1

a

L

r

Д

V !
пТ

г

r

â C

тj `'

c c

ÿ
~

-

.'. iz',)-".
L.

-i

о
ti

J

L
~
1J '

y

~

t

С,

~

ьс

u

Gп
C

à

~.

л

C гг

.v

r

râ

ÿ

И-

C
гy

~
7

~
7

J

~
v

_

,L

-

,

u

p

111

239

Epidemiology of Childhood Cancer

although the trend statistic was significant in
certain analyses, inspection of the observed to
expected ratios at each level did not always
show a steady trend. Kinlen et al. (1991, 1993а)
noted that absence of a steady trend is typical of
many infectious diseases in which outbreaks oт
epidemics only occur when the density, or the
numbers, of infected and susceptible individuals
in a population reaches some critical point
specific for the agent in question.
It would be relevant to determine whether
population mixing can explain the clusters
detected in the analysis of Openshaw and Craft
(1991), most of which were not in the vicinity of
actual or potential sites of nuclear installations,
or which were not in the vicinity of new towns
(see Chapter 2). High rates of childhood
leukaemia mortality in Greece and Italy between
the 1950s and 1970s may be attributable to mass
migration from rural areas. Excesses of mortality
due to leukaemia in childhood have not been
associated with rapid population influx in
France, or population mixing inferred to have
occurred as a result of the growth of tourism in
parts of Greece.
The associations between reported maternal
infection during pregnancy of any types, or
specifically with influenza or varicella, aid
childhood leukaemia are not consisteпt. With
regard to studies of reported history of infection
or serological markers of infection in the index
child, no consistent association between
leukaemia and infection in early life is apparent.
These studies do not provide clear support for an
etiological role for the commonest symptomatic
infections of childhood. However, the validity of
all of these studies is limited by possible
selection bias, crude assessment of exposure or
small study size. In a single study in shanghai, a
positive association between childhood
leukaemia and chloramphenicol and
syntomycin was found. This appeared to be
stronger for ANLL than ALL. It would seem
important to attempt to replicate this finding in
studies in developing countries. There is no
consistent association between BCG vaccination
and the subsequent risk of leukaemia aid other
haematopoietic malignancies. Iп relation to less
direct measures of exposure to infection, no
consistent association between ALL and sibship
size has been observed. In the available studies
of leukaemia and lymphoma combined, no
association was found with sibship size, but
these had low statistical power to detect an
effect. In both available studies, an inverse
association between leukaemia and daycare was
observed, but in one of these selection bias

unimmunized case children were not confined
to any diagnostic group.
In а study of 74 deaths due to childhood cancer
in Baden-Wurttemberg, Germany, in the period
1972-73, there was a significant inverse
association with having received immunization
against diphtheria (RR = 0.3, 95% CI 0.1-0.8;
Neumann, 1980). There were no marked
differences for other immunizations; cases had
less tetanus (RR = 0.5, 95% CI 0.14.6),
poliomyelitis (RR = 0.8, 95% CI 0.2-2.4), and
BCG (RR = 0.7, 95% CI 0.3-1.5) immunization
but more smallpox vaccination (RR = 1.3, 95% CI
0.6-2.7) than controls.

All types of childhood cancer combined
and postnatal exposures related to
infection
In a study of 1299 deaths from childhood
cancer in Great Britain during 1953-55, no
association with reported infection in the index
child with measles, chickenpox, whooping
cough, mumps, rubella or scarlet fever was found
(Stewart et al., 1958).

Conclusions
In Great Britain, a variety of measures of
population mixing appear to be associated with
excesses of childhood leukaemia, particularly in
young children. Population mixing also has been
associated with excesses of childhood leukaemia
in Hong Kong. The association could potentially
explain excesses observed in the areas near the
nuclear installations at Sellafield aid Dounreay
aid in west Berkshire, although it is not clear
that it can explain excesses observed in districts
near sites considered for the construction of
nuclear installations. A potential limitation of
these analyses is that estimates of the
population of children at risk of leukaemia may
have been inaccurate in areas such as new
towns, the reception areas for wartime evacuees,
and the areas in which national servicemen
were posted. In some analyses, the results were
shown to be similar when different estimates of
the denominator population were applied
(Kinlen et at., 1990; Kinlen & Hudson, 1991;
Kinlen & John, 1994).
It is noteworthy that in the studies in which
the incidence of, or mortality due to, leukaemia
was compared between different levels of
exposure (proportion of child migrants,
proportions of evacuated people during the
Second World War, proportions of servicemen,
ratio of oil workers to total economically active
men, extent of increase in commuting),
240
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cannot be excluded as accounting for the result,
and in the other, chance may account for the
result.
Alexander (1993) suggested that the data on
clustering and clusters in Great Britain are
consistent with the hypothesis that ALL
commonly arises as a rare outcome of exposure
to a common virus or viruses and either (1)
gestational or neonatal exposure leading to
persistent infection or (2) primary infection at an
older age in children whose immune system has
been protected from early challenge. Alexander
(1993) further argued that the epidemiological
characteristics of the herpes viruses could be
consistent with such a model iп that they can
occur in epidemic form in young children, they
can infect the fetus, asymptomatic reactivation
and re-infection may occur, and that they can
induce cell-mediated depression of immunity. In
the one available study, no significant difference
in the prevalences of antibody-positivity for
human herpes virus type б was found between
cases of leukaemia and hospital controls, and
herpes labialis was reported less frequently by
parents of leukaemia cases than controls.
On the basis of studies in endemic areas,
Burkitt's lymphoma is associated with
Epstein—Barr virus. However, this association
does not explain the geographical distribution of
Burkitt's lymphoma, its relationship with age, or
the observation that, in general, predominantly
boys are affected. The factor most discussed in

relation to these features is persistent and heavy
infection with malaria, as the geographical
distributions of holoendemic malaria and
Burkitt's lymphoma are similar. If true, this may
depend on the vectorial capacity, rather than the
simple occurrence of falciparum malaria. The
proportion of cases of Burkitt's lymphoma
associated with Epstein—Barr virus is lower in
areas of low and intermediate incidence of the
lymphoma than in endemic areas, and the subtypes of the virus involved may differ.
Epstein—Barr virus has been detected in high
proportions of tumour samples from paediatric
cases of Hodgkin's disease.
Non-Hodgkin lymphoma has been reported
in children infected with HIV. HIV may
become an important cause of childhood
cancer.
The associations between infections and
other types of childhood cancer have been
little investigated. In a large record-linkage
based study iп Sweden, a positive association
between brain tumours and neonatal infection
was observed. There is a need to investigate
this in other studies. In one study, a positive
association between brain tumours and
contact of the index child with animals, and
sick pets in particular, was reported, but this
has not been observed in other relatively small
studies. In two studies of Wilms' tumour, a
positive association with maternal infection
during pregnancy was found.
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Chapter 8

Lifestyle
Maternal lifestyle during pregnancy is known
to have effects on embryonic and fetal
development, and it might be expected that
there might be effects on the subsequent risk of
cancer in the offspring. Aspects of maternal
lifestyle during pregnancy that have been
investigated in relation to childhood cancer
include diet and vitamin supplement use,
smoking, consumption of alcohol and
'recreational' drugs, and use of cosmetics, and
these are considered in this chapter. Further
aspects of maternal lifestyle that have been
investigated are contact with animals during the
index pregnancy, discussed in the chapter on
infections (Chapter 7), and use of beaches with
possible exposure to radioactive deposits
(discussed in Chapter 4). Paternal lifestyle in the
pre-conceptional period might be postulated to
have effects on the risk of germ-cell mutation.
Aspects of paternal lifestyle that have been
investigated in relation to childhood cancer
include smoking, alcohol consumption and use
of 'recreational' drugs. In the particular instance
of smoking, paternal habits might affect the
offspring also by means of passive exposure of
the mother during pregnancy or passive
exposure of the child during his or her lifetime.
The lifestyle of the child might have a direct
impact on his/her health. Aspects of the lifestyle
of the index chid investigated iп relation to
childhood cancer include diet and vitamin
supplement use, passive exposure to tobacco
smoke and use of dummies (pacifiers). Further
aspects of the lifestyle of the child that have been
investigated include contact with animals and
social contact (both discussed in Chapter 7) and
play on beaches on which there may be
radioactive deposits (discussed in Chapter 4).

Leukaemia

Maternai diet and vitamin supplement
use during ргеgпапcy

In a study of non-T-cell acute lymphoblastic
leukaemia (ALL) in Hokkaido, Japan, an inverse
association was found with the mother having

drunk milk during pregnancy at least one day per
week (RR = 0.3, 95% CI 0.1-0.8; Nishi & Miyake,
1989). The association did not persist after
adjustment for a variety of postnatal exposures
of the child. The reason for collecting
information on maternal milk consumption was
not specified, and it is not clear whether other
aspects of maternal diet during pregnancy were
investigated.
In a study designed primarily to assess the
relationship between childhood cancer and
residential exposure to electromagnetic fields in
Denver, Colorado (USA), no association between
ALL (56 cases) and maternal consumption of
cured meats during pregnancy was found
(Sarasua & Savitz, 1994).
A subset of mothers of infants with leukaemia
diagnosed at one year of age or less, and controls
selected by random-digit dialling included in
three multicentre case—control studies of
childhood leukaemia in the USA (Buckley et a1.,
1989b; Robison et al., 1989, 1995; 5hu et al.,
1994b) was re-approached and supplemental
information on maternal diet during the index
pregnancy was sought (Ross et al., 1996b). Nearly
80% of cases with infant leukaemia present with
a specific genetic abnormality involving the ILL
gene on chromosome band 11g23 (Ross et al.,
1994Ь). Abnormalities involving 11q23 also have
been observed in secondary acute myeloid
leukaemias following treatment with
epipodophyllotoxins, which inhibit the enzyme
DNA topoisomerase II. Therefore, it was
postulated that 11g23 infant leukaemias may be
associated with naturally occurring agents which
inhibit DNA topoisomerase II. These agents
include caffeine and are found in a number of
dietary sources including a variety of fruit and
vegetables, in medications used to treat urinary
tract infections and possibly podophyllin resin,
which is commonly used in the treatment of
genital warts. Based on data from a foodfrequency questionnaire assessing consumption
of 26 food items during the index pregnancy,
there was no association between total estimated
dietary intake of topoisomerase II inhibitors and
leukaemia of all types combined or ALL (53
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cases). However, there was a statistically
significant positive association for acute myeloid
leukaemia (AML) with increasing maternal
consumption of dietary topoisomerase II
inhibitors (RR for highest vs lowest tertile 10.2,
95% CI 1.1-96.4, p-value for trend = 0.04, based
on 29 cases).
In the three available studies of childhood
leukaemia and maternal consumption of
vitamin supplements of any type in pregnancy,
no association was apparent (Table 8.1).

Breast- feeding
Data on the association between breastfeeding and subsequent leukaemia in the child
are relevant to hypotheses about the etiological
role of infections, in view of the evidence that
breast-fed infants are less severely affected by
infections in infancy than are artificially fed
infants (Davis et aI., 1988). In a case—control
study of childhood cancer in Denver, Colorado,
designed primarily to investigate the
relationship with residential exposure to electromagnetic fields (Savitz et al., 1988; see Chapter
5), the relative risk of ALL associated with
artificial feeding only compared with breastfeeding for more than six months was 1.5 (95%
CI 0.7-3.1) and that with breast-feeding for
periods of six months or less was 2.0 (95% CI
0.9-4.4). This is similar to the pattern observed
for childhood cancer of all types combined, for
which the relative risk associated with artificial
feeding only was 1.8 (95% CI 1.1-2.8) and that
associated with breast-feeding for less than six
months was 1.9 (95% CI 1.1-3.2). Cases
diagnosed before the age of 18 months and their
matched controls were excluded from analysis to
avoid the possibility that infant feeding practice
could be affected by cancer arising in very young
children. In other studies, no association was
found between breast-feeding and leukaemia
and lymphoma combined (McKinney et al.,
1987; Magnani et a2., 1990) or with ALL (Van
Steerzsel-Moll et al., 1986; Shu et al., 1995b). No
association between breast-feeding and ai types
of childhood cancer combined was observed in a
study of 555 cases and 1110 controls selected
from hospitals and from general practitioners'
lists in northern England (Hartley et al., 1988а),
or in a study of 99 cases and 90 hospital controls
in northern India (Mathur et aI., 1993).

Postnatal diet of the index child and
use o f vitamin supplements
Peters et al. (1994) investigated the association
between the intake of certain food items
thought to be precursors or inhibitors of N-

nitroso compounds and the risk of leukaemia in
children aged 10 years and under in Los Angeles
County, California. A total of 331 cases were
eligible, among whom maternal interview and
matching with a control was completed for 232
(70%). 139 of the cases and 131 of the controls
had been contacted by Lowengart et at. (1987).
Sixty-two controls were selected from among the
friends of cases, the remainder by random-digit
dialling. Twelve questions were asked about the
usual frequency of intake of certain food items
of the mother, who was then asked to estimate
the frequency of consumption by the child
during a reference period dependent on the age
of diagnosis. In univariate analysis, there were
significant trends of increase in risk with
increasing intake of ham, bacon and sausage,
and hot dogs, and a trend of borderline
significance with increasing intakes of bologna,
pastrami, corned beef, salami or some
combination of these. There was no association
with reported intake of fruit or fruit drinks. Only
the association with hot dogs persisted after
adjustment for use of indoor pesticides, use of а
hairdryer by the child, paternal occupational
exposure to spray paint and other chemicals,
wiring configuration, breast-feeding, identified
in earlier analyses of these data (Lowengart et яI.,
1987; London et at., 1991), and consumption of
hot dogs by the father, the only significant
association to be identified with estimated
intake by either parent. Distributions of
measures of socioeconomic status were similar
among cases and controls, and adjustment for
socioeconomic status did not influence the
relative risk associated with consumption of hot
dogs.
In a study in Denver, Colorado, the relative
risk of ALL associated with consumption of
hamburgers by the index child at least once a
week compared with less often was 2.0 (95% CI
0.9-4.6; Sarasuа & Sаvitz, 1994). The relative risk
associated with consumption of hot dogs and
other cured meats, and charcoal broiled foods,
was not elevated (Table 8.2).
In Shanghai, China, Shu et al. (1988) found a
protective effect of at least one уеаr of postnatal
use of cod liver oil for both ALL (RR - 0.4, CI
0.2-0.9) and acute non-lymphocytic leukaemia
(ANLL) (RR = 0.3, 95% CI 0.1-1.0). A protective
effect of vitamins A and D would be consistent
with experimental data. As already discussed,
the study is limited by the non-contemporaneity
of cases and controls, and differences in length
of recall associated with this.
In a multicentre study of 990 cases of ALL and
136 controls with other types of cancer in the
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USA and Canada, a positive association with
vitamin use by the index child was found (RR =
1.7, p <0.0001; Buckley et aI., 1994). However,
no association was apparent when a subgroup of
404 cases was compared with individually
matched controls selected by random-digit
dialling. A possible explanation for the
inconsistency may be that vitamin use by the
index child protects against other types of
childhood cancer, thereby lowering the
proportion of vitamin users among controls. In
a stratified analysis by immunophenotype, the
association apparent in the comparison with
cancer controls did not appear to be confined to
any particular subgroup.
In the study of leukaemia and lymphoma in
West Cumbria (UK) in which an association with
paternal occupational exposure to ionizing
radiation was observed (Gardner et ai., 1990a),
no clear relationship with fish-eating habits was
found. There was no association with the family
growing its own vegetables or using seaweed as a
fertilizer.
In a study of childhood cancer deaths before
the age of 10 years in Great Britain, rio
association was found with consumption of
dried milk, fruit juice or "tinned sieved
vegetables" from the third day, first month and
fourth month respectively, or with consumption
of "other tinned vegetables", "highly coloured
cakes or fruit drinks", "coloured sweets" or
"shop-fried fish and chips" from the age of 12
months (Stewart et aL, 1958).
In a multicentre study in France, Malvy et aI.
(1993) observed inverse associations between
newly diagnosed childhood malignancy and
levels of (3-carotene, retinol and a-tocopherol in
serum. The authors attributed these associations
to secondary metabolic effects of the tumours.
Blood samples were taken before treatment from
418 cases, and from 632 age—sex-matched
controls either recruited by the school health
service in the same towns in which the cases
were recruited, or who were undergoing routine
health examination in departments of general
paediatrics.

Tobacco smoking by the mother
In the majority of studies in which the
association between smoking and childhood
cancer has been considered, attention has been
focused on maternal smoking during the
pregnancy leading to the birth of the index
child. The available studies are summarized in
Table 8.3. No consistent association between
maternal smoking during pregnancy and
leukaemia has been found.

Tobacco smoking by the father
In most studies of childhood cancer and
smoking habits of the father, the period of
exposure considered has been up to the birth of
the index child (Table 8.4). There is rio consistent
association between paternal smoking aid all
types of leukaemia combined or AML.
In four out of the five available studies of ALL,
a positive association with paternal smoking was
apparent, and was statistically significant in
three. The study of Sorahan et al. (1995a) related
to deaths due to all types of childhood cancer. A
positive association with cigarette smoking by the
father was found for all types of childhood cancer
combined, and was apparent not only for ALL,
but also for lymphomas, central nervous system
tumours and benign tumours. In view of the lack
of specificity of effect, in conjunction with the
fact that matched pair interview data were
obtained for only 49% of potentially eligible
cases, the possibility that selection bias may
account for the association cannot be excluded.
The study of Shu et al. (1996b) related to
leukaemia diagnosed up to 18 months of age.
While the relative risks of ALL associated with
paternal smoking in the month before pregnancy
(RR = 1.6, 95% CI 1.0-2.4, adjusted for sex,
paternal age, education and maternal alcohol
consumption during pregnancy) and during the
index pregnancy (RR = 1.5, 95% CI 1.0-2.2) were
elevated, there was no dose—response relationship
with the number of cigarettes smoked. As a
substantial proportion of the information on
paternal smoking was obtained by telephone
interview with proxy respondents, additional
analysis restricted to direct respondents was
carried out. There were no appreciable changes in
the observed relative risks. The study of Ji et al.
(1997) was carried out in Shanghai, China, where
the prevalence of smoking is high in men but
extremely low in women. Information was
obtained by direct interview independently with
each parent of study subjects. The relative risk of
ALL associated with paternal pre-conceptional
smoking for more than five pack years was 3.8
(95% CI 1.3-12.3), after adjustment for birth
weight, income, paternal age, education and
alcohol consumption. There was a statistically
significant trend (p = 0.01). There was no
association with postnatal exposure to paternal
smoking. In a study designed primarily to
investigate the relationship between childhood
cancer and exposure to electromagnetic fields in
Denver, Colorado, the relative risk of ALL
associated with paternal smoking during the year
preceding the birth of the index child was 1.4
(95% CI 0.6-3.1), after adjustment for father's
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education Gohn et al., 1991). No dose—response
relationship was apparent. There appears to have
been a deficit of low socioeconomic status in this
study (NRPB, 1992; see Chapter 5 for further
comment). Such a deficit might have produced a
spurious association with smoking by either
parent. In a hospital-based study in Turin, Italy,
the relative risk of ALL associated with paternal
smoking before the birth of the child was 0.9
(95% CI 0.6-1.5) (Magnani et al., 1990). Thus, the
difference from the other studies may be due to
chance and/or the nature of the control group. In
these studies, controls of higher socioeconomic
status might have been more likely to participate
than controls of lower socioeconomic status. This
would be expected to reduce the proportion of
fathers who smoked, compared with the general
population of fathers of children at risk of ALL,
leading to overestimation of the relative risk.
However, such a phenomenon would also be
expected to have affected the association between
ALL and maternal smoking, and the studies of
AML, for which no consistent association with
paternal smoking is apparent.

Exposure o f the child to tobacco smoke
after birth
The possible effects on childhood leukaemia of
exposure to cigarette smoking after birth have
been assessed specifically in only one study. This
was carried out in southern California (USA), and
was designed specifically to assess the association
between leukaemia and residential exposure to
electric and magnetic fields. No relationship was
found with exposure to cigarettes between the
date of the last menstrual period preceding the
birth of the case up to a reference date keyed to
the date of diagnosis (maximum i0 years) of
leukaemia (London et al., 1991).
Moreover, it is unlikely that passive smoking
during childhood strongly affects the risk of
developing childhood leukaemia. No consistent
association between leukaemia and maternal
smoking during pregnancy has been found (Table
8.3). As mothers who smoke during pregnancy
would be expected to continue to smoke after
delivery, this suggests that an association with
maternal smoking during the postnatal period is
unlikely. In some studies of ALL, a positive
association. with smoking by the father was
apparent, but exposure of the child to tobacco
smoke other than from the mother seems
unlikely to have a strong effect on the risk of
leukaemia, as smoking by the mother contributes
much more to passive smoking in the early years
of life than does smoking by other adults
(Woodward & McMichael, 1991).
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smoking of marijuana and use of
other 'recreational' drugs
A strong association (RR = 11.0, p = 0.003,
based on 11 exposed cases and 1 exposed
control) has been reported between acute nonlymphoblastic leukaemia and reported use of
mind-altering drugs by the mother in the year
before or during the index pregnancy (Robison et
al., 1989). Marijuana usé was reported by a total
of ten mothers of cases, and was the only mindaltering drug reported by nine. There was no
significant association with paternal use of
marijuana in the year before conception of the
index child (RR = 1.5, p = 0.32, based on 24
exposed cases and 17 exposed controls). The
study was based on cases seen in a total of 101
institutions in the USA and Canada. Of a total of
331 cases identified, 262 were eligible. Parents of
some 204 of these cases (77.9%) were
interviewed. Out of 260 controls identified as
eligible through random-digit dialling, 78% were
interviewed. The authors were concerned that
the finding could be due to recall bias. In a
combined analysis of studies of Ewing's sarcoma
and hepatoblastoma in the same group of
institutions, together with studies of
neuroblastoma in the Greater Delaware Valley
(Kramer et al., 1987) and Wilms' tumour in
Philadelphia (Bunin et al., 1987), in each of
which the methodology used was identical to
that used in the study of ANLL, there was no
association with reported maternal use of mindaltering drugs during the index pregnancy or in
the preceding year. This finding also suggests
that it is unlikely that the result is an artefact of
the selection of controls by random-digit
dialling.
Robison et al. (1989) reported that cases whose
mothers had used marijuana were younger at the
time of diagnosis of ANLL, with a median age of
19 months compared with 93 months for cases
whose mothers did not use the drug. Exposed
mothers of cases were significantly younger at
the delivery of the index child than unexposed
mothers of cases (mean 21 years compared with
26 years, p = 0.004). 1n addition, there is some
evidence as to specificity of association for a
particular subtype of the disease. Seven of the ten
exposed cases were of monocytic or
myelomonocytic morphology, compared with
31% of the remaining 194 cases. In contrast,
only one of the exposed cases was of the
myelocytic morphology, compared with 58% of
the other cases. A total review of karyotypes
identified 66 cases for whom cytogenetic analysis
was considered to be adequate (Buckley et al.,
1989b), of which seven had been exposed. A

Li fеstyle

translocation involving either the long or short
arm of chromosome 11 was observed only for
exposed cases (n = 4), while 3 out of 11 cases with
trisomy 8 were exposed. The association with
marijuana exposure was independent of
associations with occupational and household
pesticide exposure, paternal occupational
exposure to solvents, plastics, petroleum
products or lead and maternal occupational
exposure to paints and pigments, metal dusts
and sawdust. These analyses also suggest that it is
unlikely that differential reporting could account
for the association with marijuana use.

Alcohol
The associations between childhood leukaemia
and alcohol consumption of the parents has been
less studied than those with tobacco smoking by
either parent. The majority of available studies
related solely to alcohol consumption of the
mother and only to consumption during the
pregnancy leading to the birth of the index child.
No consistent association has been found between
maternal alcohol consumption before or during
the index pregnancy and leukaemia of all types
combined or ALL (Table 8.5).
However, in the three available studies of AIL,
a positive association with maternal alcohol
consumption was found (Table 8.5). First,
Severson et al. (1993) reported an increased risk of
AIL diagnosed at or before two years of age for
mothers who reported that they had drunk
alcoholic beverages during pregnancy (RR = 3.0,
95% CI 1.2-8.4). The increased risk was observed
for alcohol consumption in each trimester of
pregnancy, and for each type of beverage. There
was a suggestion of a dose—response relationship,
but the test for trend was not significant. The
association appeared to be especially pronounced
when the disease had a monocytic component
(14/15); the relative risk was 9.0 (95% CI
1.3-394.5, based on 12 discordant pairs). It seems
unlikely that recall bias or selection bias arising
from the random-digit dialling method of
selecting controls can explain the finding, as
raised risks are not apparent for other subtypes of
AIL' Second, in a comparison of 80 cases with
ANLL with 240 age—sex-matched population
controls in the Netherlands, the relative risk
associated with reported maternal use of alcohol
during pregnancy was 2.6 (95% C1 1.4-4.6; Van
Duijn et al., 1994). This was apparent in the 0-4and 5-9-year subgroups, but not in the subgroup
aged 10-14 years at diagnosis. A similar relative
risk was found in comparison with 517 cases of
ALL from the same study base. There was no
statistically significant elevation in risk for use of

alcohol in the year preceding pregnancy by either
parent. Third, in a study of 88 cases of AIL
diagnosed in children aged up to 18 months and
matched controls selected by random-digit
dialling in the USA, Canada and Australia, the
relative risk associated with maternal alcohol
consumption during the index pregnancy was 2.6
(95% CI 1.4-5.0; Shu et a1., 1996). There was a
dose—response relation-ship (p < 0.01); the relative
risk, adjusted for sex, maternal education and
maternal smoking during pregnancy, associated
with 1-20 drinks during pregnancy compared
with none was 2.4 (95% CI 1.1--5.0), and that
associated with more than 20 drinks was 3.1 (95%
CI 1.2-8.1). These risks were not attenuated by
further adjustment for maternal marijuana use. In
contrast to the study of Severson et aI. (1993), the
relative risk was higher for the subgroup with the
12/12 morphology (RR = 7.6, 95% CI 2.0-28.6)
than for the subgroup with the 14/15
morphology (RR = 1.7, 95% CI 0.7-4.2).
No association between paternal alcohol
consumption and childhood leukaemia has been
found (Shu et al., 1988; Severson et al., 1993; Shu
et al., 1996).

Lymphoma
Breast-feeding
In the study of Davis et al. (1988), relating to
childhood cancer of all types (see above), the
relative risk of lymphoma associated with artificial
feeding only was 5.6 (95% C1 1.4-22.4), and that
associated with breast-feeding for a period of six
months or less was 8.2 (95% CI 2.1-31.9). The
reference category comprised subjects who were
breast-fed for more than six months. It seems
likely that there was a deficit of controls of low
socioeconomic status in this study (NRPB, 1992).
Such a deficit might have produced a spurious
association with patterns of infant feeding. It may
be noted that the particularly strong association
for lymphomas was weakened after adjustment
for the number of years of education completed
by the mother.
No association with non-Hodgkin lymphoma
(19 cases) in children was found in a hospitalbased study in Turin (relative risk associated with
breast-feeding 1.0, 95% C1 0.4-2.5; lagnani et а1.,
1990). In a study of 19 cases with lymphoma and
90 hospital controls in northern India, the
duration of breast-feeding was significantly
shorter for cases than controls (Mathur et al.,
1993). In a comparison of 82 cases of lymphoma
and age—sex-matched community controls in
Shanghai, China, the relative risk of lymphoma
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containing N-nitroso compounds or precursors
to these compounds are of importance in the
etiology of brain tumours in children. Cured
meat and fish products contain preformed
nitrosamines, nitrates aid nitrites (Kuijten &
Bunin, 1993). The levels of these substances
differ considerably between samples of the same
type of food, but the highest levels are
consistently found in bacon (Gray, 1981). The
available studies of brain tumours and maternal
consumption of cured meats in pregnancy are
summarized in Table 8.8.
The first study to assess the association
between childhood brain tumours and maternal
diet during pregnancy was that of PrestonMartin et al. (1982). There was a significant
positive association between brain tuтоurs and
frequency of consumption of ham by the
mother, and a non-significant trend of increase
in risk with increasing consumption of hot dogs.
No clear trend was apparent for fried bacon,
sausage, salami and "other lunch meats". The
authors derived a score for consumption of all
types of cured meat, although it is not stated
whether the grouping had been defined а prion;
a significant positive dose—response relationship
was found. There was no association between
brain tumours and maternal consumption
during pregnancy of vegetables which usually
contain high levels of nitrate, that is spinach,
collards or turnip greens, aubergines, beets and
radishes. Similar results were obtained when the
data were analysed separately by type of control
(friend or neighbour), by tumour type or by age
of the patient at diagnosis.
in a study of 100 cases and 180 controls
selected by random-digit dialling in Ohio,
described only in an abstract, there was a positive
association between brain tumours and high
intakes of nitrite and dimethylnitrosamine and
an inverse association with reported intake of
ascorbic acid (Wilkins et ai., 1993).
A multicentre case—control study of brain
tumours in children in which a common
protocol was used is currently being analysed. In
the Australian component of the study, carried
out in New South Wales, 82 cases and 164
controls were investigated (McCredie et al.,
1994а). There was a positive association between
brain tumours and maternal consumption of
cured meats during pregnancy; the relative risk
for the highest quartile of intake was 2.5 (95% CI
1.1-5.7; p value for trend 0.01). There was an
inverse relation with consumption of vegetables
(relative risk for the highest quartile of intake
0.4, 95% CI 0.1-1.0, p value for trend 0.06), but
no association with consumption of fruit. These

associated with having been breast-fed in infancy
was 0.7 (95% CI 0.3-1.7; Shu et al., 1995b). The
inverse association was observed primarily for
Hodgkin's disease (RR = 0.2, 95% CI 0.0-4.0, based
on 14 cases).

The possible inverse association between
lymphoma and breast-feeding is interesting in
view of reports of positive associations between
non-Hodgkin lymphoma in adults and milk
consumption (Franceschi et al., 1989; Ursin et ai.,
1990), and with an index of vitamin A intake
calculated largely on the basis of milk and
vegetable consumption (Middleton et al., 1986). It
has been suggested that milk may be a source of
the bovine leukaemia virus (Ursin et al., 1990) but
in a study of non-Hodgkin lymphoma and ALL in
children, the presence of the virus was detected in
none of the DNA samples obtained from cases or
controls (Bender et al., 1988).

Tobacco smoking by the mother
No consistent association between maternal
smoking during pregnancy and lymphoma or
non-Hodgkin lymphoma has been found (Table
&6). In the one available report in which data on
Hodgkin's disease in children were presented, no
association was found (Stjеrпfeldt et ai., 198ба).

Tobacco smoking by the father
In a study in Italy, the relative risk of nonHodgkin lymphoma associated with paternal
smoking before the child's birth, based on 19 cases
and 307 controls, was 6.7 (95% CI 1.0-43.4) after
adjustment for socioeconomic status (Magnani et
al., 1990). The authors observed that exclusion of
40 control children affected by respiratory diseases
did not substantially alter the odds ratios
observed. Nevertheless, the possibility that
selection bias affected the result cannot be
excluded, as hospital controls were used. No
dose—response relationship was evident. Prevalent
cases were included. In an overall analysis which
also included cases of leukaemia, the odds ratio
associated with paternal smoking was 0.5 (95% CI
0.3-1.3) for incident cases and 1.0 (95% CI
0.4-2.2) for prevalent cases.
No consistent association has been found for
lymphoma of all types combined (Table 8.7).

Brain tumours
Maternal diet and vitamin supplement
use during pregnancy
Maternal diet during pregnancy has been of
particular interest iп the context of the
hypothesis that exposure to substances
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1.4-3.6). The corresponding relative risk for
vitamin users with a nitrite intake of at least 3
mg per day was 1.3 (95% CI 1.0-1.7). However,
there was no statistically significant interaction
between vitamin supplement use and estimated
intake of nitrite from cured meats or reported
frequency of consumption of cured meats. A
possible limitation of the study is selection bias
arising from selection of the controls by randomdigit dialling, which may have resulted in the
controls being of higher socioeconomic status
than the source population of children at risk of
developing brain tumours (Greenberg, 1990).
Among participating mothers, those of lower
socioeconomic status tended to eat somewhat
more cured meats than other mothers. Another
possible limitation is that only intake of 47 food
items relevant to the N-nitre so hypothesis was
assessed. If an assessment of total dietary intake
had been таd~, it would have been possible to
consider the extent to which the observed results
might have been accounted for by variation in
tendencies to over- от under-estimate total
dietary intakes (Willett, 1990).
In a study designed primarily to assess the
relationship between childhood cancer and
residential exposure to electromagnetic fields in
Denver, Colorado, there was a positive
association between brain tumours (45 cases)
and maternal consumption of hot dogs during
pregnancy (RR = 2.3, 95% CI 1.0-5.4; Sarasua &
Savitz, 1994). However, there was no association
with maternal consumption of ham, bacon and
sausage, hamburgers, or charcoal broiled foods,
aid an inverse association with consumption of
lunch meats (relative risk associated with
consumption at least once a week compared with
Iess frequently 0.4, 95% CI 0.2-0.8). As already
discussed, there appears to have been selection
bias in this study which produced a deficit of
controls of low socioeconomic status.
In a study iп upstate New York so far described
only in abstract form, data on maternal diet
during pregnancy were obtained on 338 cases of
brain tumours and 676 controls matched on year
of birth, gender and ethnic group, selected from
birth certificate files (Schymura et al., 1996). The
relative risk of brain tumours associated with hot
dog consumption once per week during
pregnancy compared with less often was 1.3
(95% CI 1.0-1.8), and that associated with
consumption two or three times per week was
2.0 (95% CI 1.1-3.7). The relative risk associated
with consumption of "other" cured meats once
per week was 6.0 (95% CI 1.9-19.3). There was
no statistically significant association with
reported consumption of tea and coffee.

relative risks were adjusted for age, sex, maternal
education and the mother's body mass index at
the start of the pregnancy. A limitation of the
study is that the participation rate of potential
controls was relatively low (60%). Women who
were interviewed were found to be of slightly
higher social class, as ranked by their occupation,
than those who refused to participate. In the
French component of the study, carried out in
the Paris region (Cordier et al., 1994), 75 cases
and 113 controls were interviewed. There was no
association with maternal consumption of cured
meat, most types of vegetables or fruit during
pregnancy. No statistically significant association
was found with intake of nitrate, nitrite, vitamin
C or vitamin E. In the US West Coast component
of this study, carried out in Los Angeles County,
the San Francisco—Oakland metropolitan area
and western Washington state, 540 cases and 801
controls were investigated (Preston-Martin et al.,
1996d). The risk of brain tumours increased with
reported maternal intake of cured meat during
pregnancy, assessed either as an average daily
intake (RR for highest vs. lowest quartile 1.7, p
value for trend 0.002; Table 8.8) or frequency of
consumption (RR for more than daily
consumption compared with non-consumption
2.1, value for trend 0.003). These relative risks
were similar for astrocytoma, primitive neuroectodermal tumours of the brain, and other
histological types. With regard to specific types
of cured meat, there were positive associations
with reported consumption of bacon, hot dogs
and sausage, but not ham, lunch meat or "other
cured meats" (Table 8.8). While an increase in
risk with increasing estimated intake of nitrite
from cured meats was observed, no association
was found with nitrite from all foods, or with
nitrate (which is reduced to nitrite in the mouth)
from vegetables, If the N-nitroso hypothesis were
true, it would be expected that increasing
maternal consumption of vitamin C and vitamin
E during pregnancy would be associated with a
decreased risk of brain tumours in the offspring.
As a high proportion of mothers used
multivitamin supplements, intakes of
micronutrients were highly correlated with each
other and with multivitamin intake. There was
an inverse association between brain tumours
aid intake of each of the four micronutrients
evaluated, that is vitamins C, E and A, and folate.
The relative risk of brain tumours in the
offspring of women whose estimated intake of
nitrite from cured meats was at least 3 mg per
day and who did not take a vitamin supplement
compared with vitamin users with a nitrite
intake of less than 3 mg per day was 2.2 (95% CI
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Kuijten et al. (1990) reported а significant
positive trend of increase in the risk of
astrocytoma with increasing consumption of
cured meats during pregnancy; the relative risk
associated with consumption nine or more times
per week was 2.0 (p = 0.04). The effect was only
apparent when the mother had had more than a
high school education. The authors considered
that it was possible that a food item more
popular among less educated women might
have been omitted from the food frequency
questionnaire.
In an analysis of a subset of these data relating
to cases diagnosed before the age of 10 years in
the Greater Delaware Valley, a positive
association was found with maternal
consumption of nitrite-processed luncheon
meats (e.g., bologna, ham or salami) during the
index pregnancy (Hass, 1989). The relative risk
associated with consumption at least once a
week was in the range of 2.5-2.8, depending on
the covariates included in the regression model.
However, there was no association with
consumption of "processed breakfast meats",
e.g. bacon, ham or sausage, or with consumption
of citrus fruit.
Bunin et al. (1994a) found a weak positive
association between astrocytoma in children
aged five years or under (n = 155 case—control
pairs) and reported consumption of cured meats
during pregnancy (relative risk for highest
quartile of intake compared with lowest 1.7, 95%
CI 0.8-3.4; p value for trend 0.10). No trend was
apparent with reported consumption of nitrate,
nitrite, dimethylnitrosamine, vitamin C or
vitamin E. In contrast to the finding of Kuijten et
al. (1990), positive associations with intake of
bacon and cured meats were apparent only
among subjects whose mothers had no more
than a high school education, and from families
with a low income. There was a significant
inverse association with consumption of iron
supplements (RR = 0.5, 95% CI 0.3-0.8); this
effect was apparent only in families with high
income. No interactions between food groups or
nutrients and income were found in a parallel
study of primitive neuroectodermal brain
tumours (Burin et al., 1993; see below). There
was no association with maternal consumption
of caffeinated beverages during pregnancy.
The study was restricted to children aged five
years or under at the time of diagnosis, as the
authors considered that the effects of gestational
exposures would be expected to be manifest
early in life. A total of 155 (participation rate
65%) mothers of cases diagnosed between 1986
and 1989 in several centres in North America

were interviewed. Control children were selected
by random-digit dialling; sufficient information
to determine eligibility was obtained from 89%
of the residences contacted, and 73% of the
controls were the first eligible ones identified.
Matching was made not only according to area
code and the next five digits of the telephone
number, but also date of birth and ethnic group.
Mothers were interviewed an average of 5.0 years
after the birth of the index child. The data on
dietary intake were obtained by a food frequency
questionnaire with 53 food items chosen
primarily to assess dietary components relevant
to the N-nitroso hypothesis.
In a parallel study of primitive neuroectodermal brain tumours (166 case—control pairs),
there was a significant positive association with
maternal consumption of bacon during
pregnancy, a weak association with sausage
consumption, and no association with
consumption of hot dogs, ham or lunch meat
(Bunin et al., 1993). Very few mothers ate
smoked fish, pickled fish or salted fish. Three
food groups were analysed according to quartile
of intake. There was no association with
consumption of cured meats, while there were
significant inverse associations with
consumption of fruits and fruit juice and of
vegetables. As in the study of astrocytoma, five
nutrients relevant to the nitrosamine hypothesis
were considered: nitraté, nitrite, dimethylnitrosamine, vitamin C and vitamin E. There were
statistically significant inverse associations with
intake of nitrate and of vitamin C. There was a
non-significant trend of increase in risk with
increasing consumption of dimethylnitrosamine. No association with estimated intake of
nitrite or of vitamin E was found. In addition to
these nutrients, intakes of vitamin A, (i-сахоtепе
and retinol were considered because of the
evidence that vitamin A or J3-carotene may be
protective against some cancers in adults, and
folate was considered because it has been found
to prevent the recurrence, and almost certainly
the occurrence, of neural tube defects. This
observation may be relevant in view of the fact
that the neural tube is lined with neuroepithelial
cells, which are the precursor cells of primitive
neuroectodermal tumours. There were
significant inverse associations with intake of
vitamin A, f3-саrоtеne and folate.
Nearly all (92%) mothers of cases and controls
reported that they had taken multivitamins
during their pregnancy, and no overall
association with primitive neuroectodermal
tumours was found. However, the odds ratio
associated with multivitamin use in the first six

Lifestyle

weeks after the last menstrual period was 0.56
(95% CI 0.32-0.96). There were significant
inverse associations with reported use of iron
supplements, calcium supplements and vitamin
C supplements. The apparent protective effects
of dietary folate and vitamin C, and calcium
supplements, were stronger in those who did not
take multivitamins early in pregnancy than in
those who did.
There was significant intercorrelation between
most of the dietary variables' In multivariate
analysis, including seven dietary nutrients and
four supplements, the effect of folate became
stronger, the effect of nitrate was reduced, and
the effects of vitamin A and vitamin C did not
persist. The effect of use of multivitamin
supplements in early pregnancy was unchanged,
but the associations with supplemental iron,
calcium and vitamin C were somewhat weaker
and no longer statistically significant. The
regression model also included dietary vitamin
E, nitrite and nitrosamine, even though no
trend had been found in the univariate analysis,
because of their central importance to the
nitrosamine hypothesis. While there was no
marked change in the odds ratio observed for
nitrite and nitrosamine, a significant positive
association became apparent with vitamin E.
This raises a concern about the goodness of fit of
the model, which was not reported. In analyses
in which a series of potentially confounding
variables was considered, the effects of dietary
folate, use of multivitamin supplements in early
pregnancies and dietary vitamin E persisted.
In the parallel study of astrocytoma (Burin et
а1., 1994a; see above), there was no association
with folate and no protective effect of
multivitamin use in the first weeks of
pregnancy.
The authors acknowledged that the
repeatability of dietary questionnaire was not
investigated and that the food frequency
questionnaire was not designed to assess folate
intake; only about 55% of the intake of this
nutrient was assessed. The selection of controls
by random-digit dialling has been reported to
lead to the control group tending to be of higher
socioeconomic status relative to the source
population (Greenberg, 1990). If dietary intake
of folate and use of multivitamins during
pregnancy were related to social class, as has
been reported (Elwood et al., 1992), the
relationship with intake of certain nutrients and
supplements might be an artefact of the method
of control selection. On the other hand, Bunin
et al. (1993) reported that there were no
differences between case and control mothers in

health-related behaviours such as smoking,
breast-feeding and seeing a doctor early in
pregnancy, and cases and controls were similar
in demographic characteristics including
household income, educational level, type of
housing, and number of residences since the
index pregnancy. Recall bias is unlikely to
explain the association between primitive пеиroectodermal tumours and dietary folate intake
and multivitamin use, as this association was
not apparent for astrocytoma. If it were true that
a factor related to neural tube closure also
affected the risk of primitive neuroectodermal
tumours, it would be expected that children
with spina bifida might have an increased risk of
developing a primitive neuroectodermal tumour
later in life. While an association between brain
tumours and spina bifida has been reported
(Narod et al., 1997), the possibility that this was
a spurious association cannot be excluded (see
Chapter 10 for further comment), and the
association was not specific to medulloblastoma.
Trends in the incidence of medulloblastoma in
parts of the UK have been assessed for the period
1976-91 (Foreman & Pearson, 1993; Thorne et
al., 1994). In the southwestern and northern
regions combined, the incidence declined from
5.4 cases per million childhood-years in the
period 1976-84 to 2.7 in the period 1985-91. In
one county in which the trend was more
marked (incidence rates 9.4 and 1.6 per million
respectively), the pathological findings of all
posterior fossa tumours were reviewed for
changes in diagnostic criteria; none was found.
The authors considered that this change may be
compatible with increased use of multivitamin
supplementation to prevent neural tube defects,
although this appears to have been used
primarily to prevent recurrence rather than first
occurrence (Elwood et al., 1992).
The associations between childhood brain
tumours and maternal consumption of vitamin
supplements during pregnancy are summarized
in Table 8.9. In addition to the inverse
association with primitive neuroectodermal
brain tumours already discussed, a nonsignificant inverse association between
astrocytoma and multivitamin supplements was
found in a companion investigation (Bunin et
аI., 1994а). Inverse associations between brain
tumours of all types combined and vitamin
supplements were observed in studies in the
west coast states of the USA (Preston-Martin et
al., 1982, 1996d) and Denver (Sarasua & Sаvitz,
1994). No association with brain tumours was
apparent in data from Finland (Salonen &
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Sаxén, 1975). In that study, cases and controls
were matched on Maternity Welfare District,
and this may have led to matching on
prescribing habit, which might have biased any
association with vitamin supplement use
towards the null.
In the US West Coast study (described above),
there was a trend of decreasing risk of brain
tumours with increasing duration of daily use
during pregnancy (Preston-Martin et al., 1996d).
Compared with women who either never used
multivitamin supplements от who used them
only occasionally or sporadically, the relative
risk associated with less than two trimesters of
daily use was 0.7 (95% CI 0.4-1.1), with two
trimesters of use 0.6 (95% CI 0.4-0.8) and with
three trimesters of use 0.5 (95% CI 0.4-0.8; р
value for trend 0.004). This persisted after
adjustment for potential confounding factors
including maternal age, ethnicity, socioeconomic status and ingestion of nitrite from
cured meat. The pattern was similar between
astrocytoma, primitive neuroectodermal brain
tumours and other histological types. As in the
study of Bunin et al. (1993), the possibility
cannot be excluded that the result was an
artefact of control selection by random-digit
dialling. In contrast to the study of Bunirn et al.
(1993), cases had lower socioeconomic status
than controls, but the association with vitamin
supplement use persisted after adjustment for
socioeconomic status.
Olney et al. (1996) suggested that the apparent
increase in the incidence of brain tumours at all
ages in the USA coincided with the introduction
of aspartame into foodstuffs in the early 1980s.
Data on maternal consumption of aspartame
during the index pregnancy and lactation were
available for a subset of subjects (49 cases, 90
controls) in the Los Angeles and San Francisco
componenets of the US West Coast study
already described (Gurney et al., 1997). No
association was apparent either with
consumption of aspartame from all sources or
with consumption of diet drinks only.

Breast-feeding
In the study of Davis et a1. (1988) described
above, the relative risk of brain tumours
associated with artificial feeding only, compared
with breast-feeding for a period of more than six
months was 1.8 (95% CI 0.8--4.3), and that
associated with breast-feeding for period of six
months от less was 1.7 (95% CI 0.6-4.4). No
association between breast-feeding and central
nervous system tumours was found in a study in
northern England (Birch et al., 1990b).

Postnatal diet of the апdeх child and
use of vitamin supplements
Investigations of diet in childhood and brain
tumours are summarized in Table 8.10. PrestonMartin et a1. (1982) found that the relative risk
associated with moderate consumption of cured
meats compared with low consumption was
1.3, and that associated with high consumption
was 2.3 (р value for trend 0.01). However, the
child's consumption of cured meats was highly
correlated with maternal consumption during
pregnancy, and the association did not persist
after adjustment for maternal consumption. No
association with cured meat consumption was
found by Howe et al. (1989). These authors
observed an inverse association with
consumption of fruit juices (relative risk
associated with consumption of more than one
glass per week compared with smaller or no
intake 0.2, 95% CI 0.05-0.6). In the other
hand, although fruit juice is a major source of
vitamin C in children's diets, there was no
association with use of vitamin supplements, or
specifically with the use of vitamin C
supplements. The association with fruit juice
may have reflected the apparent preferential
participation of control mothers of higher
social class identified by the investigators.
McCredie et al. (1994b) found no clear
association between brain tumours and the
reported frequency of consumption during the
first year of life of eight food items: cured meat;
powdered milk formula; dehydrated baby food;
vitamin supplements; vitamin syrups; orange
juice, apple juice; and blended or solid fruit.
Sarasua and Savitz (1994) found no significant
association between brain tumours and
reported frequency of consumption up to the
age of diagnosis of five food items: ham, bacon
or sausage; hot dogs, hamburgers; lunch meats;
charcoal-broiled foods. As was the case for
maternal consumption during pregnancy, there
was an elevated relative risk associated with the
child's reported consumption of hot dogs (RR =
2.1, 95% CI 0.7-6.1). There were statistically
significant increased risks associated with
consumption of hot dogs, ham, bacon, sausages
and lunch meats when the child was reported
not to take vitamin supplements. A similar
pattern was observed for ALL, suggesting that
selection bias cannot be excluded as a possible
explanation for the results (NRPB, 1992). Iп
addition, it is unclear whether these
relationships were confounded by maternal
consumption during pregnancy. In a study of
primitive neuroectodermal tumours with which
associations with maternal diet during
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pregnancy were the main focus of attention,
three factors related to the child's diet
approached significance in an analysis which
included maternal dietary factors (Bunin et aL,
1993). There was an inverse association with
consumption of multivitamin supplements (RR
= 0.5, p = 0.07), a positive association with rio
consumption of fruit (RR = 3.9, p = 0.09) and a
positive association with frequent consumption
of apple juice (RR = 2.8, p = 0.08). In the parallel
study of astrocytoma, no significant or
noteworthy associations were observed for the
child's intake of 11 foods and vitamin
supplements during the first year of life (Bunin
et al., 1994а).
With regard to the possible causal role of
aspartame postulated by Olney et al. (1996; see
above), analysis of data for a subset of subjects
(56 cases, 94 controls) participating in a
case-control study of brain tumours in Los
Angeles and Saп Francisco showed no
association with the child's reported
consumption of foods containing aspartame
(Gurney et al., 1997).

Tobacco smoking by the mother
No consistent association has been found
between maternal smoking in pregnancy and
tumours of the nervous system in total, tumours
of the central nervous system, brain tumours or
specific types of brain tumour (Table 8.11). No
dose-response relationship was found in any of
the studies in which a trend in relative risk
associated with amount smoked by the mother
during pregnancy was assessed.

Tobacco smoking by the father
Preston-Martin et al. (1982) reported a positive
association between brain tumours and the
mother having lived in a household with
someone else who smoked (RR = 1.5, one-sided p
value 0.03). In subsequent studies, no consistent
association has been found between brain
tumours and smoking by the father during
pregnancy or before conception (rable 8.12). In
most of the studies in which a possible
dose-response relationship was investigated,
none was found.

was no association with the average amount
smoked by either the mother or the father during
the period between birth and diagnosis (Gold et
al., 1993). In a study in the areas around Los
Angeles, San Francisco aid Seattle in the USA,
based on 540 cases and 801 controls, the relative
risk associated with the child having lived for six
months or more with a smoker in their
household was 0.9 (95% CI 0.7-1.2; Norman et
a1., 1996). In a study in New South Wales,
Australia, based on 82 cases and 164 controls, no
association was found with exposure of the child
to tobacco smoke from another member of the
household (IcCredie et al., 1994b). Finally, in a
study in the Paris area in France, based on 75
cases and 113 controls, the relative risk of
exposure of the child to tobacco smoke in his/her
lifetime was 2.3 (95% CI 1.1-4.6; Cordier et aI.,
1994). This association remained statistically
significant after taking maternal smoking during
pregnancy into account; there was no
dose-response relationship with the number of
persons smoking in the presence of the child.
Thus, no consistent association is apparent in the
few available studies.

'Recreational' drug use by the mother
during pregnancy
In the study of astrocytoma in Pennsylvania,
New Jersey and Delaware (described above), the
relative risk associated with maternal use of
marijuana during pregnancy or in the month
preceding pregnancy was 2.8 (p = 0.07) (Kuijten et
al., 1990). The relative risk associated with use
specifically during pregnancy was 4.0 (р = 0.11).
In a multicecetre study in the ц5А and Canada of
astrocytoma and primitive neuroectodermal
tumours of the brain diagnosed at the age of five
years or under, there was no association with
maternal use of recreational drugs during
pregnancy (Burin et al., 1994b).

Incense exposure during pregnancy
Exposure to incense during pregnancy has been
considered in studies of brain tumours because
incense contains nitrosamines. А significant
positive association (RR = 3.3, p = 0.005, based on
26 discordant pairs) with brain tumours was
found in the study of Preston-Martin et al. (1982).
No association was found in a study of brain
tumours in New South Wales, Australia (RR = 1.3,
95% CI 0.4-4.1; McCredie et al., 1994а), in a
study of astrocytoma in Pennsylvania, New Jersey
and Delaware (Kuijten et al., 1990) or in a
multicentre study of astrocytoma and primitive
neuroectodermal tumours of the brain (Bunn et

Exposure of the child to tobacco smoke
after birth
The association between brain tumours and
exposure of the index child to passive smoking
between birth and diagnosis has been
investigated in only four studies. In a mirlticentre
study in the USA, based on 361 cases and 1083
controls selected by random-digit dialling, there

aL, 1994b).
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Alcohol consumption by the mother
during pregnancy
The associations between tumours of the central
nervous system and maternal consumption of
alcohol and beer are summarized in Table 8.13. No
consistent association with consumption of
alcohol from all sources has been identified.
In view of the observation that certain brands of
beer contain nitrosamines (Mangino et al., 1981),
beer consumption during pregnancy has been
assessed in some studies. Howe et ai. (1989)
reported a relative risk of 3.5 (95% CI 1.2-10.8)
associated with any consumption of beer during
the index pregnancy. This was thought to reflect
participation bias, with control mothers of higher
socioeconomic status agreeing preferentially to
participate. Beer consumption tended to be lower
in those of high socioeconomic status than in
those of low socioeconomic status. No association
with beer consumption was found in the study of
Preston-Martin et al. (1982). Випiп et al. (1993)
reported that five mothers of cases with prunitive
neuroectodermal tumours reported drinking beer
at least once a week during pregnancy, as
compared with one control mother; this
association was not statistically significant.

Maternal use of hair colourants during
pregnancy
Hair colourants contain aromatic amines, and
therefore may be relevant to the hypothesis that
exposure to N-nitroso compounds increases risk.
Personal use may differ from occupational
exposure iii that consumers at home may use any
of the three types of hair colourant, that is,
permanent (primarily aromatic amines and
aminophenols with hydrogen peroxide), semipermanent (nitro-substituted aromatic amines,
aminophenols, aminoanthraquinones and azo
dyes) aid temporary (high molecular weight or
insoluble complexes and metal salts, such as lead
acetate; IARC, 1993). Occupational exposure
generally involves only the permanent and semipermanent hair colourants.
No association between personal use of hair
dyes and brain tumours has been found (Table
8.14). In the study of Burn et al. (1994b),
maternal use of hairspray and hair permanent
products was assessed. No association was found
for either astrocytoma or primitive neuroectodermal tumours of the brain.

Use of other cosmetics during pregnancy
Face make-up has been considered in studies of
brain tumours because the preparations used have
been reported to contain nitrosamines (PrestonMartin et al., 1982; Kuijten et al., 1990).

Preston-Martin et al. (1982) reported an odds ratio
of brain tumours of 1.6 (р = 0.02) when the
mother reported that she had often used face
make-up during pregnancy. By contrast, in a study
in New Sоuth Wales, Australia, an inverse relation
between brain tumours and the mother having
used foundation cream or liquid on her face in the
month before or during pregnancy, was found (RR
= 0.4, 95% CI 0.2-0.7; McCredie et al. 1994a). No
association between maternal use of make-up
during pregnancy and astrotytora (Kuijten et al.,
1990; Bunin et al., 1994b) or primitive neuroectodermal tumours (Bunn et a1., 1994b) has been
found.

Use of dummies
Use of dummies (pacifiers) has been investigated
in some studies of brain tumours in children as
part of the evaluation of the role of N-nitroso
compounds. Until recently, dummies and teats for
babies bottles were made of rubber, which is
known to contain N-nitroso compounds, and
these have been found to migrate readily into
liquid infant formula, orange juice and simulated
human saliva (Havery & Fazio, 1983; 5еп et яI.,
1984), making sucking a likely route of exposure.
In a study in New South Wales, Australia, any
reported use of a dummy was associated with an
increased risk of childhood brain tumours (RR =
2.9, 95% CI 1.6-5.4), but no increase i risk with
increasing level of reported use was found
(McCredie et al., 1994b). The relative risk
associated with bottle feeding daily for at least one
month compared with less often was 1.8 (95% CI
0.8-3.9). No association was found between
tumours of the central nervous system and
method of infant feeding in a study in northern
England (Birch et al., 1990b). In a multicentre
study in the USA and Canada, use of a pacifier or
bottle-feeding were not associated with either
astrocytoma or primitive neuroectodermal
tumours of the brain diagnosed at the age of five
years or less (Burn et al., 1994b).

Neuroblastoma
Maternal vitamin supplement use
during pregnancy
In a study of 183 cases of neuroblastoma
diagnosed at ages up to 14 years and 372 controls
selected from live birth certificates in New York
State (excluding New York City), the relative risk
associated with maternal vitamin use in
pregnancy was 0.5 (95% CI 0.3-0.7; Michalek et
аl., 1996). The data on vitamin use were based on
responses to an open-ended question in which

Lifestyle

mothers were asked whether their doctor had
prescribed medications other than those to which
the primary hypotheses of the study had related.
It has been suggested that recall bias is more
likely to occur if information is sought by openended questions than by closed-ended questions
(Mitchell et al., 1986). Iп addition, multiple
comparisons were carried out, so the result may
be a chance observation. No association between
neuroblastoma diagnosed at ages up to eight
years and maternal use of either prescribed or
non-prescribed vitamins was observed in a
hospital-based study in Memphis, Tennessee
(USA), in which the control group comprised
children with 'other types of cancer
(5chwartzbaum, 1992).

and 12 were associated with all three methods of
defining "moderate to heavy" drinking (frequent,
binge, either frequent or binge). As acknowledged
by the authors, the study is limited by the low
participation rate in controls, who were selected
by random-digit dialling. Therefore, it is possible
that the association is due to a selection bias
whereby more affluent control subjects, who
might be expected to include a higher proportion
of moderate or non-drinkers than the general
population, were preferentially included. In the
other study (Schwartzbaum, 1992), in which the
control series comprised children newly
diagnosed with other forms of childhood cancet,
there was a non-significant inverse association
with maternal alcohol consumption during
pregnancy. The inverse relation was consistent
for beer, wine and hard liquor and decreased with
increasing amounts of alcohol consumption. The
inverse association was also found when separate
analyses were performed to compare cases with
controls diagnosed with ALL only and with
controls with other diagnoses. The author
acknowledged that participation rates were low
(64% for cases and 68% for controls).

MaterпaI consumption of ca ffeiпated
beverages
Iп a study in the Greater Delaware Valley (USA),
there was no association between пeuroЫastomа
and coffee consumption during pregnancy when
assessed as a dichotomous variable (Kramer et al.,
1987). However, mothers of cases reported
drinking greater amounts of coffee per day than
mothers of controls (mean difference 1.4 cups per
day, p = 0.02). There was no association with tea
consumption.

Maternal use of hair colourants during
pregnancy
In an exploratory analysis of data on 101 cases
and their matched controls selected by randomdigit dialling, the relative risk associated with use
of hair dye was 3.0 (90% CI 1.6-5.5, one sided p
value 0.002, based on 36 discordant pairs; Kramer
et a1., 1987). In the comparison of 86 cases with
sibs, the relative risk was 2.2 (90% CI 0.9-5.2, one
sided p value 0.07, based on 16 discordant pairs).

Tobacco smoking by the mother or
father
No consistent association between
rieuroblastoma and maternal smoking during
pregnancy or paternal smoking has been
observed (Table 8.15).

'Recreational' drug use by the mother
during pregnancy

Retinoblastoma

In the study of Sсhwartzbaum (1992) described
above, there was no association with hard drugs
or hallucinogens used by the mother during the
year preceding the birth of the index child.

Bunin et al. (1989а) reported an inverse
association between retinoblastoma and
maternal use of multivitamins during pregnancy.
The analysis was reported for two subgroups: (1)
'noriheritable', defined to include unilateral cases
without a family history of the disease and
without a constitutional 13q deletion (n = 115);
(2) 'sporadic heritable', defined to include
bilateral cases without a family history of the
disease, and unilateral cases with a constitutional
1Зq deletion (n = 67). It was postulated that the
risk of the former type would be associated with
post-conceptional exposures, while the risk of the
latter type would be associated with ртеconceptional exposures of either parent. The
relative risk of the nonheritable form of the
disease associated with maternal use of
multivitamins during pregnancy was 0.7 (95% CI

MatеrпаI alcohol consumption during
pregnancy
Concern about the possible role of alcohol iп
the etiology of neuroblastoma was raised by case
reports of neuroblastima in association with fetal
alcohol syndrome (Hornstein, 1977; Seeler et al.,
1979). The results of the two available
case—control studies, both from the United States,
are inconsistent. Kramer et al. (1987) found that
the relative risk for drinking any amount of
alcohol during pregnancy was of borderline
statistical significance (RR = 1.4, one-sided р
value 0.08, based on 61 discordant pairs).
Substantially higher relative risks of between б
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0.3-2.0, based on 19 discordant pairs). The
relative risk associated with use in the first
trimester was 0.4 (95% CI 0.2-0.9). For the
sporadic heritable form of the disease, the relative
risks were 0.2 (95% CI 0.02-0.7, based on 14
discordant pairs) and 0.3 (95% CI 0.1-0.9)
respectively. The reported use of multivitamins
during pregnancy did not correlate with that
before pregnancy — the relative risk associated
with use before pregnancy was close to unity.
Thus, the inverse association apparent for the
sporadic heritable form of the disease was not
consistent with the prior expectation that
associations would be apparent only with preconceptional exposures. The possibility cannot
be excluded that the results may be explained by
bias arising from selection of controls by randomdigit dialling, or by chance; multiple statistical
testing was performed.
In a small study (3 7 cases and their matched
controls) in Finland, no association with
maternal use of vitamins during pregnancy was
found (Salоnen & Saxen, 1975).
Iп the study of Burrin et aI. (1989a), there was
no association between the nonheritable form of
the disease and maternal consumption of
tobacco and alcohol during pregnancy, or
paternal consumption of tobacco during
pregnancy or of alcohol during the preceding
month. There was no association between the
sporadic heritable form of the disease and
maternal or paternal alcohol consumption. The
relative risk of the sporadic heritable form
associated with maternal smoking during
pregnancy was 2.0 (95% CI 0.7-6.5), and that
associated with paternal smoking in the month
before pregnancy was 2.3 (95% CI 0.8-7.0). In a
cohort study in Sweden in which 28 cases of
retinoblastoma occurred, no association with
maternal smoking during pregnancy was found
(Pershagen et al., 1992).
In the study of Bunin et al. (1989a), the relative
risks associated with the father's use of
'recreational' drugs during the year before
pregnancy were 2.2 (95% CI 0.8-6.9) for the
nonheritable form of the disease aid 1.7 (95% CI
0.3-10.7) for the sporadic heritable form.

Maternal consumption of ca ffeтnated
beverages during pregnancy
in a study of 23 children diagnosed at
Cincinnati Children's Hospital with Wilms'
tumour associated with nephroblastomatosis,
born during the period 1951-75, and pairmatched with neighbourhood controls
nominated by the parents of the cases, a
positive association with frequent tea or coffee
consumption during pregnancy was found
(Lelasters & Bove, 1980). The associations
with each beverage separately were not
presented. In a subsequent study in
Philadelphia, the relative risk of Wilms' tumour
associated with maternal tea consumption
during pregnancy was 2.2 (95% CI 1.0-4.7,
based on 41 discordant pairs; Bunin et al.,
1987). Subgroup analysis was performed
according to whether the cases were to be
considered of 'genetic' etiology or not.
However the classification used does not
appear to be appropriate, according to current
understanding of the genetic basis of Wilms'
tumour (see Chapter 3). The mean interval
between pregnancy and interview was 10 years
(range 2-24 years). The association with
consumption was apparent both for subjects
for whom the interval between interview and
the index pregnancy was between 2 and 10
years, and those for whom the interval was 11
years or more. In a multicentre study in the
USA, no association between Wilms' tumour
and maternal regular consumption of coffee or
tea during pregnancy was found (Olshan et a1.,
1993). Regular coffee and tea consumption was
not differentiated. There was no association
with maternal consumption of decaffeinated
coffee. A limitation of this study is that the
participation rate was relatively low (61% for
cases and 52% for controls).

Tobacco smoking by the mother or
father
No consistent association between maternal
smoking during pregnancy and Wilms' tumour
has been found (Table 8.16). In the available
studies, no association was found with paternal
smoking during pregnancy (Olshan et al., 1993)
or before the index pregnancy (Sorahan et al.,

Wilms' tumour

1995 a) .

Maternal vitamin supplement use
during pregnancy

Maternal alcohol consumption during
pregnancy

No association with maternal use of vitamins
during pregnancy was observed in either of two
studies (Saloneп & 5аxén, 1975; Olshan et al.,

In the one available study, no association
between Wilms' tumour and maternal alcohol
consumption was found (Bunin et aI., 1987).

1993).
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Bone tumours

Maternal use of hair colourants during
pregnancy

No association between bore tumours aid
maternal use of vitamins in pregnancy was
apparent in the one available study (Sabnen &
8axén, 1975). Holly et aI. (1992) observed a
relative risk of F.wing's sarcoma of 0.4 (95% CI
0.1-1.4) associated with consumption of vitamin
and/or mixed supplements in childhood. The
prevalence of use iп controls was 93%. In a study
of osteosarcoma in New York Stats, no
association with reported intake of vitamin or
mineral supplements was found (Gelberg et aI.,
1997). No association between bone tumours
and breast-feeding was observed in the small

In the study of Wilms' tumour in the Greater
Philadelphia area (USA) described above, the
relative risk associated with maternal hair-dye
use in pregnancy was 3.6 (95% CI 1.4-10.2,
based on 32 discordant pairs) (Bunin et a1., 1987).
The association was accounted for solely for cases
diagnosed before the age of two years, for whom
the relative risk associated with maternal use of
hair dyes during the year preceding the birth of
the index child was 15.0 (based on 16 discordant
pairs, p = 0.001). Relative risks for ages 2-4 and 5
years and older were not statistically significant.
No overall association between maternal use of
hair colourants during pregnancy and Wilms'
tumour was found in a multicentre study in the
USA during the period 1984-86 (Olshan et al.
1993). However, an elevated relative risk of 2.9
(95% CI 0.9-9.3) was apparent in a subgroup of
subjects aged less than two years at the reference

study of Hartley et al. (1988b).

Following a report of a dose-response
association between osteosarcoma and exposure
of male (but not female) F3 44/N rats to sodium
fluoride, a population-based case-control study
was carried out in New York State (Gelberg et al.,
1995). No association between osteosarcoma
diagnosed at ages up to 24 years and total
lifetime fluoride exposure was found. The study
was based on 130 cases diagnosed during the
period 1978-88 and pair-matched controls
selected from live birth records. Data were
obtained by interview with the parents (122
pairs) and/or the subjects themselves (64 pairs).
Fluoride exposure information was obtained
from questions about the use of fluoridated
toothpastes and mouth rinses, and fluoride
supplements. In addition, a complete residential
history was obtained, which was linked with
information on fluoridation of water sources.
Dietary intake of fluoride was not assessed.
No association between bone tumours of all
types combined and maternal smoking during
pregnancy, or paternal smoking, has been
identified (Mckinley & Stiller, 1986; Hartley et
al., 1988b; Sorahап et aI., 1995а).
In a study of Swing's sarcoma (n = 208 cases) in
which two control groups were included, an
association with parental smoking during
pregnancy was found in comparison with sib
controls (n = 191) but not in comparison with
controls selected by random-digit dialling (n =
204) (Winn et al., 1992). In the comparison with
sib controls, the relative risk associated with
maternal smoking from one month before to the
end of pregnancy was 2.0 (95% CI 0.7-5.9) and
that with paternal smoking was 3.7 (95% CI
1.0-13.1). A dose-response relationship was
apparent for maternal smoking: compared with
non-smokers, the relative risk when the mother
smoked 1-19 cigarettes per day was 3.2 (95°/о CI
0.9-11.8) and that associated with 20+ cigarettes
per day was 6.7 (95% CI 1.2-37.8). When both

date.

Hepatoblastoma
In a multicentre study of 75 cases of
hepatoblastoma and 75 matched controls
selected by random-digit dialling, there was no
association with maternal use of vitamin or iron
supplements during pregnancy, maternal or
paternal smoking during pregnancy, or paternal
smoking before the index pregnancy (Buckley et
al., 1989а). In addition, there was no statistically
significant association with maternal use of
'recreational' drugs during pregnancy (4 cases, 2
controls exposed) and no association with
paternal use of such drugs either during
pregnancy or in the year preceding pregnancy (7
cases, 7 controls exposed). In this study, alcohol
aid nitrosamines were of interest in view of their
potential hepatotoxicity (Buckley et aL, 1989а).
There had been one case report of
hepatoblastoma in a child with fetal alcohol
syndrome (Khan et al., 1979). There was no
association with maternal alcohol use during
pregnancy (р value for trend 0.91), and the
association with the mother ever having drunk
alcohol (RR = 1.9) was not statistically
significant. Nitrosamines induce liver tumours in
experimental animals. Mothers were asked about
use of face make-up, use of incense and
consumption of foods likely to have contained
nhroso compounds or high levels of nitrites. The
only suggestion of an association was for
consumption of foods containing nitroso
compounds or with high nitrite levels (RR
associated with daily use 3.0, 95% CI 0.9-13.5).
273
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ordinates treatment protocols for 80-85% of all
cases of rhabdomyosarcoma in the USA, no
association was found with paternal smoking in
the year preceding, or any time after, the child's
birth (Grufferman et al., 1991b, 1993). In
addition, in a hospital-based study in Padua aid
Turin, Italy, no association between rhabdomyosarcoma and paternal smoking before the
child's birth was found (Magnani et al., 1989).
In the multiceritre study in the USA, no
association was found with postnatal exposure to
smoking by the mother or the father (Grufferman
et al., 1991b). .
Again in the Xmslticegtre study, information
was collected on use of recreational drugs and
alcohol (Grufferman et al., 1993). The relative risk
associated with maternal use of marijuana during
the year preceding the birth of the index child
was 3.0 (95% CI 1.4-6.5), with maternal use of
cocaine 5.1 (95% CI 1.0-25.0) and with use of any
recreational drug 3.1 (95% CI 1.4-6.7). There
were strong correlations between the use of
marijuana and cocaine, both by the mothers and
by the fathers, and therefore it was not possible to
determine whether these drugs have independent
effects. In addition, there were strong correlations
between mothers' and fathers' use of the drugs,
and therefore it was not possible to separate
effects due to maternal and paternal use.
The relative risks for histological sub-types of
rhabdomyosarcoma were similar to those for the
total group. The mean age at diagnosis (5.4 years)
of cases whose mothers used marijuana during
the year before their birth was significantly lower
than that of cases (7.8 years) whose mothers were
non-users. A more marked difference was
apparent in relation to maternal cocaine use (3.5
vs 7.7 years). This younger age at diagnosis would
be consistent with a direct etiological role of these
drugs.
A limitation of the study is that on average,
parents were asked to recall use of the drugs eight
to nine years before the interview. Therefore,
recall bias was a potential problem. However in
other multicentre studies in the USA, no
association between mind-altering drugs and
several types of childhood cancer was found
(Robison et al., 1989). It is difficult to see how
recall bias might occur for rhabdomyosarcoma
and not other forms of cancer. No evidence of
recall bias was found in a study of maternal
cocaine use and congenital urogenital anomalies
in which the interval between exposure and
interview could have been as long as 14 years
(Chavez et al., 1989). The reported prevalence of
use in controls was similar to that in the general
population surveyed by telephone in another

parents smoked compared with neither, the
relative risk was 7.3 (95% CI 1.3-41.6). It is
unclear whether pre-diagnostic symptoms of
Ewing's sarcoma could have led to a sufficient
alteration of parental smoking habits during the
pregnancies leading to the birth of younger sibs
to account for the inconsistency in the
comparison between the two control groups.
In a smaller study (43 cases) of Ewing's sarcoma
diagnosed at ages up to 31 years in the San
Francisco Bay area, in which controls were
selected by random-digit dialling, no association
with maternal or paternal smoking during
pregnancy was found (Holly et al., 1992). In a
study of 130 cases of osteosarcoma diagnosed at
ages up to 24 years in New York State and
matched controls selected from live birth
certificates, no association with maternal
smoking during pregnancy was found (Gelberg et

al., 1997).
No association between maternal alcohol
consumption during pregnancy and bone
tumours of all types combined (n = 30; Hartley et
а1., 1988b), Ewing's sarcoma (Holly et al., 1992;
Winn et aI., 1992) or osteosarcoma (Gelberg et
al., 1997) has been found.
In the one available study, there was no
association between Ewing's sarcoma and
maternal coffee drinking during pregnancy
(Winn etaL, 1992).

Soft-tissue sarcoma
In small studies, no association between softtissue sarcoma and breast-feeding was identified
(Hartley et al., 1988b; Magnani et al., 1989). In an
exploratory study of rhabdomyosarcoma in
North Carolina (UsA), a positive association with
eating 'organ meats' (e.g., liver, brain and tongue)
was found (RR = 3.7, 95% CI 1.5-8.3; Grufferman
et al., 1982). Case families were reported to use
less animal fat in cooking than control families
(RR = 0.4, 95% CI 0.1-2.0). There were no other
striking associations with dietary factors.
No association between maternal smoking
during pregnancy and soft-tissue sarcoma of all
types combined or rhabdomyosarcoma has been
identified (Table 8.17).
In a small study in North Carolina, the relative
risk of rhabdomyosarcoma associated with the
father having ever smoked cigarettes was 3.9
(95% CI 1.5-9.6) (Grufferman et al., 1982). The
magnitude of the association was reduced (RR =
2.8, p = 0.07) after adjustment for family income,
father's education and occupation. Subsequently,
in a much larger study in which cases were
ascertained from a clinical-trials group that со-
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Conclusions

national study in the USA (Gfroerer & Hughes,
1991). Moreover, the absence of associations with
tobacco smoking or alcohol consumption, and
the similar low proportions of case and control
families refusing to provide information on
family income, did not suggest differential
reporting of other sensitive information.
Although families of cases had a lower income
than families of controls, which may be
attributed to control selection by random-digit
dialling, the absence of an association with
smoking is indirect evidence against a substantial
selection bias.
With regard to biological plausibility, exposed
cases were younger than unexposed cases, as
already mentioned. The children, both cases and
controls, of parents who reported using cocaine
during the year preceding the child's birth had
significantly lower birthweight than children of
parents reporting no drug use. In addition, an
increased prevalence of congenital anomalies of
the urogevital and central nervous system has
been reported in patients with rhabdomyosarcoma (Ruymann etaL, 1988). Maternal cocaine
use has been associated with urogenital
anomalies (Chavez et aL, 1989) and microcephaly
(Volpe, 1992).
No association between rhabdomyosarcoma
and consumption of alcohol by either parent was
found, either in a large study covering the
majority of cases diagnosed in the USA during the
period 1982-88 (Grufferman et aI., 1993) or in an
earlier small study in North Carolina (Grufferman

So far, few studies of maternal diet during
pregnancy and childhood leukaemia have been
carried out. In the one available study of
maternal diet and infant leukaemia, there was a
statistically significant positive association
between AML and dietary topoisomerase II
inhibitors. Again, few investigations of the diet
of the index child and leukaemia have been
reported. In both studies in which information
on the consumption of cured meats was
provided, a raised relative risk associated with
the consumption of certain types was observed.
However, the validity of assessment of diet in
childhood does not appear to have been
evaluated. Assessment of the diet of preschool
children in particular is difficult, as they eat
small amounts of food at frequent intervals and
often spend time under the care of several
different people, so that the data, usually
obtained from the mother, may be incomplete
(Stein et a1., 1992).
No consistent association between tobacco
smoking of the mother and leukaemia in the
offspring is apparent. In four out of the five
studies of ALL in which paternal smoking was
investigated, a positive association was found.
However, in some of these studies, selection bias
cannot be excluded as a possible explanation for
the association. No consistent association
between paternal smoking and all types of
leukaemia combined, or ANLL, has been
observed.
Alcohol consumption has been less studied
than tobacco smoking. Neither leukaemia of all
types combined nor ALL has been associated
consistently
with
maternal
alcohol
consumption. However, in the three available
studies of AIL, a positive association with
maternal alcohol consumption during
pregnancy was found. In two of these studies,
analysis was made according to morphology, but
the subgroups for which the association was
strongest were not consistent between these
studies.
In the one available study, a strong association
between ANLL and reported use of mind-altering
drugs, mainly marijuana, by the mother in the
year preceding or during the index pregnancy
was found. Thus, evidence appears to be
emerging of a link between certain aspects of
maternal lifestyle before or during pregnancy
and ANLL, but not ALL.
Relatively few studies have been carried ,out
specifically of the lymphomas. In three small
studies, an inverse association between
lymphomas of all types combined and breast-

et al., 1982).

Germ-cell tumours
In a multicentre study of 105 cases of malignant
germ-cell tumours and 639 controls selected by
random digit dialling in the USA and Canada,
there was rio association with maternal use of
vitamin supplements during pregnancy, use of
vitamin supplements by the index child or
maternal coffee consumption during pregnancy
(Shu et a1., 1995а). There was a positive
association with breast-feeding for more than 12
months (RR= 3.3, 95% C1 1.2-9.2) and an inversé
association with cigarette smoking by the mother
during pregnancy (р = 0.01). These may be
compatible with a role of estrogens in the
etiology of these tumours. No association with
maternal smoking was apparent in a small study
(41 cases) of benign and malignant germ-cell
tumours combined in northern England
()bhnston et al., 1986). No association with
paternal smoking or maternal alcohol
consumption was apparent in either study.
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feeding was apparent, but in two of these
selection bias may have accounted for the result.
There is no consistent association between
lymphomas of all types combined and smoking
by either parent.
In eight out of nine studies, a positive
association between brain tumours in children
and maternal consumption of one or more types
of cured meat during pregnancy was found.
However, in some of these studies, selection bias
may have occurred as a result of poor
participation rates, or because families of low
socioeconomic status may be under-represented
when controls are selected by random-digit
diаlliпg (Greenberg, 1990), and the adequacy of
others cannot be determined because they have
been published only in abstract form. In
addition, in most of the studies, information was
sought about relatively few foods, and no
evaluation of the validity of the dietary
assessments appears to have been undertaken.
No adjustment for total energy intake, which
enables possible misclassification due to over oт
under-reporting of the total food intake to be
taken into account (Willett, 1990), was made in
any of the studies.
In five out of the six studies of brain tumours
in which maternal consumption of vitamin
supplements during pregnancy was investigated,
an inverse association was found. A particularly
intriguing finding is the inverse relationship
between primitive neuroectodermal tumours of
the brain and intake of dietary folate and
multivitamin supplements in early pregnancy.
These tumours are thought to arise from cells
that also are involved ш the formation of the
neural tube, and folate and multivitamin
supplements are known to protect against neural
tube defects. Sо far, no other study investigating
this association has been reported.
No clear relationship between brain tumours
and the diet of the index child has been
identified. As mentioned in relation to the
studies of leukaemia, no evaluation of the
validity of the assessment of childhood diet
appears to have been made in these studies, and
assessment of the diet of preschool children is
particularly difficult.
No consistent associations between brain
tumours and smoking by either parent, or with
exposure of the index child to tobacco smoke
after birth, are apparent. There are no consistent
associations between brain tumours and
maternal use of incense, consumption of
alcohol, or use of hair colourants or other
cosmetics.
Neuroblastoma has not been consistently

associated with smoking by either parent.
Concern about the possible etiological
importance of maternal consumption of alcohol
in pregnancy was raised by case reports of
neuroblastoma in association with fetal alcohol
syndrome. The results of the two available
case—control studies of neuroblastoma and
maternal alcohol consumption during
pregnancy are inconsistent. In a single study, a
positive association with use 0f hair colourants
in pregnancy was found.
In two studies, a positive association between
Wilms' tumour diagnosed before the age of two
years and maternal use of hair colourants during
pregnancy was reported. Ni association was
apparent for older children. Wilms' tumour is
not consistently associated with maternal
smoking in pregnancy. No consistent
association with consumption of tea or coffee in
pregnancy is apparent.
No association between maternal smoking
during pregnancy and soft-tissue sarcoma of all
types combined or rhabdomyosarcoma has been
found. A positive association between rhabdomyosarcoma and paternal smoking found in a
small exploratory study was not confirmed in
two subsequent larger studies. In one of these
studies, information was obtained on use of
`recreational' drugs, and a positive association
with parental use of these drugs was found.
Associations between aspects of lifestyle and
retinoblastonu', bone tumours, hepatoblastoma
and germ-cell tumours have been little
investigated.
Overall, the absence of an association between
most types of childhood cancer and tobacco
smoking contrasts with the situation for can cer
in adults. The lack of association does not
appear to be due to poor recail. In studies in
which a comparison was made between recall of
smoking by the mother before or during
pregnancy with that assessed by other methods,
without regard to pregnancy outcome, the
agreement in reported smoking behaviour was
very good (Little, 1992). In most studies of
childhood cancer and paternal smoking habits,
the data on paternal smoking were reported by
the mother. In a study in the county of Avon,
England, women's reports as to their partners'
smoking and drinking status agreed almost
completely with the partners' own reports
(Passaro et al., 1997). However, women tended
to report lower amounts of smoking and
drinking for their partners compared to the
men's self-reports. This would make a
dose—response relationship more difficult to
detect for paternal smoking than for maternal
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smoking. Another issue concerns the possibility
of underlying variation in genetic susceptibility
to the effects of tobacco smoke. This has been
investigated in relation to some types of cancer
in adults. In particular, in view of the lack of a
consistent association between breast cancer
and smoking, it 1s intriguing that an interaction
between acetylator genotype and smoking in
postmenopausal women was apparent in a study
in which there was no overall association
between breast cancer and smoking (Ambrosone
et al., 1996). It might be worthwhile to
investigate this in relation to ALL and paternal
smoking. Diet has been established to be
important for a variety of cancers in adults, and
it is intriguing that evidence is accumulating as
regards a role in the etiology of childhood
cancer.
Recreational' drugs were associated with ANLL
in one study, with rhabdomyosarcoma, again in
one study, and with astrocytoma in one study
but not in another. In the studies of ANLL and
rhabdomyosarcoma, recall bias did not seem
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likely to account for the associations observed.
To assess the validity of self-reported use of
'recreational' drugs during pregnancy, Hingsorn
et al. (1986) randomly allocated pregnant
women into a group who were told that their
urine would be tested for kidney function and
the presence of alcohol, marijuana, prescription
and non-prescription drugs, and another group
not so tested. Women told that they would be
tested reported more marijuana use during
pregnancy than did untested women. In
addition, urine assays identified more women
who used marijuana during pregnancy than
were willing to admit this in the interview, even
after being told that the urine would be tested.
There were no differences in reported alcohol
consumption or cigarette smoking during
pregnancy between tested and untested women.
Therefore, under-reporting of marijuana use
seems likely. If this were non-differential, the
relative risk associated with this exposure would
be biased towards unity. It is important that
replication of these findings is attempted.

E

Chapter 9

Maternal reproductive history, and
maternal illness and related drug use
death into those who died before the age of five
years and those who died at older ages was
apparent in a study of leukaemia deaths at ages
1-9 years between 1959 and 1965 in California
(Fasa1 et al., 1971). Moreover, no association was
found in a study based on newly incident cases
in the north-eastern part of the USA during the
period 1954-62, although the authors noted that
their control selection method, whereby a
random sample based on a stratified selection of
households was selected, resulted in a larger
proportion of firstborn among the controls than
would have been expected on the basis of New
York State vital statistics (Graham et al., 1966). In
other studies, which are more recent, or based on
newly incident cases, and include populations
outside the USA, no association with maternal
age was found.
Thus, with the exceptions of the studies of
Gardner et al. (1990a) and Kaye et a2. (1991),
positive associations between maternal age and
leukaemia have been found only in studies based
on deaths. Older patients were included in the
studies of Gardner et al. and Kaye et al., which
might suggest that any association with maternal
age was specific to cases with an older age at
onset, but this is not consistent with the analysis
of Stаrk and Mantel (1969), in which the
strongest maternal age effect was associated with
ages of death between the fourth and eighth
years. The inconsistencies can also be interpreted
as due to changes in the extent to which
maternal age effects might reflect sociological
rather than biological influences. With the wide
availability of effective contraceptive methods
since the 1960s, and the dramatic increase iп
induced abortions since the early 1980s in the
populations in which these studies were carried
out, the biological meaning of a birth at a
particular age is uncertain.

In this chapter, the associations between
specific types of childhood cancer and maternal
age, birth order and prior reproductive history
are considered. The few available data on
associations with other aspects of the medical
history of the mother before the index
pregnancy are discussed. With regard to the
more extensive data on maternal illness and use
of medications during the index pregnancy, this
chapter deals with aspects not related to
infection. Studies of possible associations with
maternal infection during the index pregnancy
are discussed in Chapter 7. Studies of the possible
effect of diagnostic ultrasound are considered.
Studies of the possible effect of intra-uterine
exposure of the index child to diagnostic
ionizing radiation are discussed in Chapter 4.

Haematopoietic malignancies
Maternai age
In most studies, no association between
leukaemia and maternal age has been detected
(Table 9.1). Studies of mortality due to leukaemia
in the north-eastern part of the USA between the
late 1940s and the early 1960s have been
interpreted as showing a weak positive
association with increasing maternal age,
independent of an inverse association with birth
order (Maclahon & Newi11, 1962; Stark &
Mantel, 1966, 1969). In addition, there was a
positive association between maternal age and
deaths due to leukaemia and lymphoma in the
study of Kwa and Fine (1980), which overlapped
with that of MacMahon and Newi11. Because of
the variation in leukaemia mortality with age of
the child, and in particular because of a peak
occurring in the third and fourth years of life,
Maclahon and Newi11 examined the
relationship of leukaemia mortality with
maternal age according to the age at death of the
child. No appreciable pattern was apparent.
However, Stark and Mantel (1969) found that the
maternal age effect was strongest in the fourth to
eighth years of life. No maternal age effect
overall, or after dividing the children by age at

Birth order
The associations between childhood leukaemia
and lymphoma and previous reproductive
history are summarized in Table 9.2. In early
studies of deaths due to leukaemia in childhood,
a weak inverse relationship was found with
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increasing birth order (Stewart et al., 1958;
MacMahon & Newi11, 1962; Stark & Mantel,

study, a positive association between acute
myeloid leukaemia (AML) and birth order was
found (RR for birth order of two or more
compared with firstborn 1.5, 95% CI 1.0-2.3,
adjusted for age, sex, calendar period, and
maternal age at birth of child). This was also
observed in a combined analysis of data on AML
diagnosed before one year of age from
multicentre studies of leukaemia in the USA,
Canada and Australia (Ross et al., 1997).
The association between leukaemia mortality
and first birth reported in early studies has been
considered important in relation to hypotheses
about the role of infection in childhood
leukaemia (James, 1990; MacMahon, 1992b).
However, this relationship has not persisted. It is
interesting that a similar phenomenon was
apparent for the incidence of ALL in young
children in Denmark (Westergaard et al., 1997).
One possible explanation is that birth order is
related to survival, but this is not supported by
the absence of association in the mortality-based
study of Fasa1 et al. (1971). MacMahon (1992b)
acknowledged the possibility that the effect seen
in the early studies could be due to an
unidentified confounder. Another possibility is
that, as with maternal age, the wide availability
of effective contraceptive methods since the
1960s, and the increase in induced abortions in
the early 1980s, has resulted in changes in the
extent to which birth-order effects may reflect
sociological rather than biological influences.
Another issue which may be relevant to the
interpretation of apparently conflicting results is
different patterns by leukaemia sub-type, as
suggested by the studies of Buckley et al. (1994)
and Westergaard et al. (1997).

1966).

Stewart et al. (1958) reported that the effect was
most pronounced for deaths due to lymphatic
and blast-cell leukaemias between the ages of
two and four years, with a 70% higher risk for
firstborn children than for other children. The
authors noted that deaths in this age group were
largely responsible for the striking increase in
childhood deaths from leukaemia in the United
Kingdom and in the USA after the 5есопd World
War. In an extension of the analysis, which
included deaths in Britain during the period
1953-67 compared with healthy controls
matched with cases on age, sex and area of
residence, the association between reticuloendothelial neoplasms and birth order was
independent of associations with maternal age,
fetal irradiation and social class (Kneale &
Stewart, 1976). Although first born children were
more at risk of developing these neoplasms than
other children, the risks were roughly the same
for the second born children and those born
later. This finding differs from the other two
studies in which a trend of decreasing risk with
increasing birth order was apparent after
adjustment for maternal age (MacMahon &
Newi11, 1962, Stark & Mantel, 1966). Iп contrast
to the finding of Stewart et al. (1958), MacMahon
and Newi11 found no evidence that the birth
order association for lymphatic leukaemia was
different from that for other forms of leukaemia.
MacMahon and Newi11 (1962) reported that the
pattern of decreasing mortality with birth order
was clearest within the group dying at ages three
or four years, but was also present in the group
dying at age five and over; it was not evident in
the group dying before three years of age. Stark
and Mantel (1969) reported that the birth order
effect was strongest for leukaemia deaths in the
third to tenth years of life. No association
between deaths due to childhood leukaemia at
age mne or under and birth order was found in
California during the period 1959-65 (Fanal et al.,

Prior fetal loss
The association between childhood leukaemia
and prior fetal loss has been considered in a
number of studies. The relative risks of leukaemia
associated with a prior history of fetal loss range
between 0.3 and 1.8 (Table 9.2). There appears to
be no pattern to this inconsistency in terms of
study design or size. Non-differential misclassification may in part account for the inconsistency.
In the interview-based studies, the proportion of
controls reporting a past history of miscarriage
and childbirth varied from about 10% to about
18% (Table 9.2). In a postal questionnaire-based
study in the Netherlands, 23% of control
mothers reported a prior history of miscarriage
(Van Steensel-Moll et al., 1985а). In the two
studies based on information recorded in
birth certificates, the proportions were 3%
(Cnattingius et al., 1995а) and 17% (Kaye et al.,

1971).

Most studies based on newly incident or
prevalent cases do not show a positive
association with first birth (Table 9.2). In one of
the largest of these studies, a non-significant
trend of decreasing risk with increasing birth
order was apparent for cases of acute
lymphocytic leukaemia (ALL) diagnosed at ages
0-4 years, but not in older children (Westergaard
et al., 1997). This trend was more pronounced for
children born during the period 1953-72 than
for children born in the period 1973-92. In this
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1991). A positive association between leukaemia
diagnosed before one year of age and number of
previous fetal losses (p = 0.05) appeared to be due
to the AML subgroup (Ross et aL, 1997).

Other aspects of medical history of the
mother before the index pregnancy
Few data are available on this issue. Manning
and Carroll (1957) reported that a significantly
higher proportion of mothers of cases with
Ieukaemia or lymphoma had a history of hay
fever, asthma or hives compared with mothers of
cases with other types of cancer or mothers of
controls with orthopaedic conditions excluding
poliomyelitis. Till et al. (1979) reported that there
was little difference in the frequency of atopy in
parents of children with ALL and in those of
controls. McKinney et a'. (1987) observed that
the medical histories of mothers of children with
leukaemia or lymphoma were similar to those of
mothers of controls except for skin diseases. This
was more marked in medically recorded data
than in the data obtained by interview. There
was no striking association between history of
infection in the mother before the conception of
the index child and childhood leukaemia in the
study of Tî11 et al. (1979), but the method of
control selection (nomination by parents of cases
from amongst friends and neighbours to match
themselves as closely as possible for age and
having had a child of similar age to the index
case) may have obscured any difference. In a
small number of studies, maternal immune
function has been assessed on the basis of blood
samples taken after the diagnosis of the disease
in the child (Sutton et aL, 1969; Chandra, 1972;
lain et al., 1975; Tî11 et al., 1979; Woods et al.,
1987). The results of these studies have been
inconsistent, perhaps because of differences in
methods of control selection and perhaps due to
chance, as the studies have been small, whereas
a large number of tests have been performed.
Alexander (1993) commented that a common
factor between these studies is evidence of nonspecific indicators of chronic infection in the
mother.
Buckley et ai. (1989с) reported an association
between ALL and multiple sclerosis in the
mother. Five mothers of 1027 cases of acute
lymphoЫastic cancer treated in centres
participating in the Childhood Cancer Study
Group in the USA and Canada reported that they
had multiple sclerosis, four times (95% CI
1.3-9.3) the number expected on the basis of
national rates. The excess was also apparent
when comparison was made with cancers other
than of the haematopoietic system, and with

children without cancer selected by randomdigit dialling. No significant excess was observed
for acute non-lymphoblastic leukaemia (ANLL),
non-Hodgkin lymphoma or Hodgkin's disease.
None of the fathers of children with any type of
cancer had multiple sclerosis; the expected
frequency was much lower in fathers than
mothers. An important limitation of the study is
that the response rate was only 50%.

Maternal illness and use of
medications during the index
pregnancy
Threatened miscarriage and hormonal
treatment during pregnancy
Interest in the possible etiological importance
of threatened miscarriage during pregnancy
arose following the report of a positive
association with childhood cancer deaths izr a
large study in Great Britain (Stewart et al., 1958).
Studies of the association with Ieukaemia have
been inconsistent (Table 9.3). However, in the
largest subsequent study, иn which controls were
selected randomly from the census lists, there
was a significant positive association with both
threatened miscarriage and "drugs ta maintain
the pregnancy" (Van Steeпsеl-Moll et ai., 1985 a).
The risk of ALL was also associated with the
women having had two or more previous
miscarriages, use of hormones other than oral
contraceptives in the year preceding conception,
and hospitalization or consultation for
subfertihty and for miscarriages and curettage.
In a study based on obstetric records of
hospitals in Oxford, Cambridge and Reading in
England during the period 1962-92, in which
92% of cases were diagnosed at the age of 14
years or under (the remainder at ages up to 29
years), the relative risk associated with hormonal
treatment for infertility in the periconceptional
period was 2.7 (95% CI 0.6-11.9; Roman et al.,
1997). The relative risk associated with reported
infertility investigations at the time of the first
antenatal clinic visit for the index pregnancy was
2.1 (95% CI 0.9-4.6). However, in a series of
childhood cancer cases in Japan in which
information on ovulation induction was
recorded, no instance of maternal ovulation
induction was recorded among 2301 children
with leukaemia (Kobayashi et aI., 1991).

Oral contraceptives
McKinney et aI. (1987) reported no association
between leukaemia and lymphoma and an
interval of less than three months between
stopping oral contraception and conception. Van
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Steeпsel-Moll et al. (1985а) observed that the
reported period between discontinuation of oral
contraceptive use and pregnancy was
significantly longer for mothers of cases with ALL
than for mothers of controls. The relative risk
associated with any use of oral contraceptives
before pregnancy was 1.2 (95% CI 0.9-1.6). The
relative risk associated with use in the year
preceding pregnancy was 1.3 (95% CI 1.0-1.8).
The authors considered that the prolonged
interval between cessation of use and pregnancy
noted above, and the elevated risk associated
with use in the year before the index pregnancy,
might be evidence of an association with
subfertility.

Steroids other than gonadal hormones
No association was found between leukaemia
and lymphoma and topical steroids or with
hormonal pregnancy tests in a study in
northern England (McKinney et aI., 1987). In
addition, no association with steroids other
than gonadal hormones was found in а large
study of childhood cancer deaths in Great
Britain (Gilman et al., 1989).
Aiiaesthesia during labour
A positive association between total
childhood cancer and administration of
pethidine or pethilorfan in labour was found in
a small cohort study in Great Britain (Golding et
al., 1990; Table 9.4). The relative risk was
substantially reduced and no longer statistically
significant after adjustment for a number of
covariates, including administration of drugs to
the neonate. The main drug administered to the
neonate was vitamin K; this aspect of this study
has been discussed elsewhere (see section on
Vitamin K in Chapter 10). In order to examine
further the possible association between total
childhood cancer and use of pethidine in labour
and administration of vitamin K to the neonate,
the authors carried out a case—control study in
Bristol (Golding et al., 1992a). The association
with pethidine was not confirmed. In addition,
no association with pethidine was found in а
large study of childhood cancer deaths in Great
Britain (Gilman et а1. 1989). The reported
prevalence of exposure in mothers of controls
was very much lower than in the medical
record-based studies of Golding et al. (1990,
1992а), probably because in this study medical
records were used only to confirm positive
reports by the mother.
McKinney et aI. (1987) found a positive
association between haematopoietic malignancies and narcotic or opioid analgesics,

mostly Distalgesic (dextropropoxyphene
hydrochloride). This finding was due to the
leukaemia subgroup (RR = 7.3, 95% CI
1.9-28.3). The relative risk (2.0, 95% CI 1.0-4.0)
was substantially lower when analysis was
restricted to reports confirmed from medical
records. There was a positive association with
medically recorded use of barbiturates in labour,
which was due to the lymphoma subgroup (RR
10.8, 95% CI 1.8-63.2). There was no
association with maternal use of barbiturates at
other times during pregnancy or maternal use of
analgesics not related to anaesthetic use. Ni
association between leukaemia or non-Hodgkin
lymphoma and use of opioid analgesics, or
pethidine specifically, was found in a study
based on obstetric records in Oxford, Cambridge
and Reading, England (Roman et aI., 1997).
In a study based on information recorded on
the Swеdish national medical birth register,
Zack et al. (1991) found а weak but statistically
significant association between leukaemia and
nitrous oxide anaesthesia during labour. This
association was apparent for the lymphatic
leukaemia subgroup and for other types of
leukaemia excluding the myeloid subgroup.
However, the association with nitrous oxide was
only apparent in boys and among children
diagnosed with leukaemia after the age of three
years, and the finding was not confirmed in a
subsequent extension of the study relating
specifically to lymphatic leukaemia
(Cnattingius et al., 1995а) or in the study in
Oxford, Cambridge and Reading (Roman et al.,
1997).

Ni consistent association has been found
between childhood leukaemia and Caesarean
section, an indication for anaesthesia in labour
(Table 9.4).

In a study using similar methods to the studies
0f leukaemia in Sweden (Zack et al., 1991;
Cnattingius et al., 1995а), there was a positive
association between childhood non-Hodgkin
lymphoma and Caesarean section (RR = 1.6,
95% CI 1.0-2.6) and use of paracervical
anaesthesia (RR = 1.8, 95% CI 1.0-3.5; Adami et
аl., 1996). None of the other anaesthetic
methods or analgesics used during delivery was
associated with non-Hodgkin lyrnphoma.

Other drugs
A positive association between maternal use of
"cold tablets" before or during the index
pregnancy and deaths due to leukaemia
(Manning & Carroll, 1957) has not been
confirmed in other studies. First, there was
no association between maternal use of
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antihistamines during pregnancy and
leukaemia and lymphoma in northern England
(McKinney et al., 1987). Second, there was no
association between maternal use of "cold or
cough" medications or antihistamines during or
in the year before the index pregnancy and
ANLL (Robison et al., 1989). Third, there was no
association between infant leukaemia and
maternal use of cold medications around the
time of pregnancy in a multicentre study in the
USA (Ross et a1., 1996b).
In the one available study of leukaemia and
maternal aspirin use during pregnancy, the
association differed in comparison with the two
control groups (Manning & Carroll, 1957).
Gilman et a1. (1989) reported a significant
positive association between total childhood
cancer deaths and analgesics and antipyretics,
with а relative risk of 1.4 (p < 0.01). This seems
to have been due largely to solid cancers (RR =
1.5, p < 0.01), with no marked elevation in risk
for neoplasms of the reticuloevdothelial system.
Illnesses producing hyperthermia were
associated with an increased relative risk of
childhood cancer; this was mainly due to the
neoplasms of the reteculoendothelial system,
not solid tumours. Analgesics and antipyretics
formed the majority of drugs classified as being
metabolized by amino acid conjugation, the
only metabolic reaction associated with
childhood cancer in the analysis of Gilman et al.
The authors note that this metabolic reaction
involves the coupling of an amino acid to
products of reactions such hydroxylation or
oxidation, which often are toxic. The drugs in
this category included aspirin, paracetamol and
pethidine.
In a large study in Sweden, using data from
the national medical birth registration system,
there was a positive association between
childhood lymphatic leukaemia and maternal
hypertensive disease during pregnancy (RR =
1.4, 95% CI 1.0-1.9; Cnattingius et al., 1995a).
In addition, a positive association was observed
with maternal renal disease (RR = 4.4, 95% CI
1.6-12.1). Mothers with hypertensive disease
during pregnancy may also have underlying
renal disease. A significant excess of diseases of
the renal tract originating before the index
pregnancy in mothers of cases with childhood
cancer of all types was reported by Stewart et al.
(1958). This finding has not been replicated. A
raised relative risk of ALL associated with
maternal hypertension in pregnancy was
observed in the small study of Till et al. (1979),
but not in other studies of leukaemia (Stewart et
al., 1958; McKinney et al., 1987; Roman et al.,

1997). No statistically significant association
has been observed with non-Hodgkin
lymphoma (Adami et ai., 1996; Roman et ai.,
1997). In the one available study of ANLL, there
was no association with use of antihypertensives or diuretics (Robison et ai., 1989).
No association between leukaemia and
lymphoma and nausea or vomiting during
pregnancy (Magnani et al., 1990) or use of antinauseants (McKinney et ai., 1985; Robison et al.,
1989) has been found. Iп a number of studies of
childhood cancer of various types, particular
attention was given to a combined preparation
of doxylamine, dicyclomine and pyridoxine,
marketed from 1956 in the ц5А under the trade
name Bendectin, and in Britain from 1958 as
Debendox (Orme, 1985). After the introduction
0f the drug, there were anecdotal reports of an
association between use of the drug and genital
malformation, especially in the USA, and the
drug was withdrawn in 1983 on suspicion of
causing birth defects, although epidemiological
studies did not support any major effect
(Shapiro et al., 1977; MacMahon, 1981, Orme,
1985; Shiono & Klebanoff, 1989). No
association between Debendox and total
childhood cancer (McKinney et al., 1985;
Gilman et a1., 1989) or leukaemia and
lymphoma was found (McKinney et al., 1985).
In a few studies, the association between
haematopoietic malignancies and maternal use
of drugs having CNS effects, other than those
used during labour, was investigated. In single
studies, no association between leukaemia and
lymphoma and benzodiazepines or phenothiazines (McKinney et al., 1987), between
Ieukaemia and anticonvulsants (Roman et al.,
1997), or between ANLL and sedatives or diet
pills (Robison et a1., 1989) was found. In a study
in the Netherlands, the relative risk of ALL
associated with maternal use of sedatives or
sleeping pills during pregnancy was 2.9 (95% CI
1.2.-7.2; Van Steensel-Moll et al., 1985а). Iп this
study, which was based on a postal
questionnaire, the prevalence of use of these
drugs by control mothers was substantially
lower than that reported in other studies of
childhood cancer of various types (Grufferman
et al., 1982; Preston-Martin et al., 1982; Buckley
et al., 1989а; Gilman et ai., 1989; Robison et al.,
1989; Birch et al., 1990b; Rodvall et al., 1990;
Но11у et ai., 1992; 5chwartzbaum, 1992;
McCredie, 1994а), so the association may be an
artefact of underreporting by control mothers.
Iron can catalyse the production of oxygen
radicals (Halliwell & Gutteridge, 1986). High
body iron stores have been associated with an
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increased risk of cancer of various types in
adults (Stevens et at., 1988; Kneckt et at., 1994).
There is a long history of prescribing iron
supplements during pregnancy to prevent
anaemia (Horn, 1988). No association between
childhood leukaemia and use of iron-containing
preparations during pregnancy has been found
(Saloпen & Sахëп, 1975; Van Steeпsel-Moll et
аТ., 1985a; Robison et al., 1989). Anaemia is an
indication for giving supplemental iron. In a
study based on obstetric records in Oxford,
Cambridge and Reading (England) of leukaemia
diagnosed up to the age of 29 years, in which
92% of 143 cases were diagnosed at ages of 14
years or less, a positive association with anaemia
was found (RR = 2.4, 95% CI 1.2-5.0; Roman et
aI, 1997). Of the mothers diagnosed with
anaemia, 11 cases and six controls had at least
one haemoglobin measurement below 10 x/100
ml (RR = 3.8, 95% CI 1.3-11.1). In a small study
in Japan, no association between anaemia and
ALL of the non T-cell type was found (Nishi &
Miyake, 1989).
Iп a multicentre study of infant leukaemia in
the USA, there were suggestions of positive
associations with maternal use of laxatives and
anti-diarrhoeal medications around the time of
the index pregnancy (Ross et al., 1996b). There
was no association with urinary tract infection
during pregnancy or with warts for which
treatment was reported. Some treatments for
these conditions may inhibit topoisomerase II
activity; inhibition of this activity has been
postulated to cause abnormalities involving
chromosomal band 11g23 (see section on
maternal diet in Chapter 8 for further
comment).

increase in risk was found for the group of
children who died of cancer at the age of six
years or more. This may be a chance finding, as
no difference in risk by age at diagnosis was
found in the study of Cartwright et al. Another
possible explanation is selective application of
ultrasound to abnormal pregnancies in the early
years of the study. For example, six of the 14
cases, but none of the four controls, reported in
hospital records to have been exposed to
prenatal ultrasound had also been exposed to
prenatal X-rays. Subsequently, a study of deaths
in the period 1982-84 was undertaken (Sorahan
et al., 1995b); cases included in the study of
Cartwright et al. (1984) were excluded. There
was no association between exposure to
ultrasound in pregnancy and death of the
offspring from a neoplasrn of the reticuloendothelial system (212 cases), a solid tumour
(308 cases) or from childhood cancer overall
(520 cases). In addition, there was no suggestion
of an increased risk for children aged six years or
more. The study was limited by a poor
participation rate (38%). No association
between childhood leukaemia, either overall or
ALL and AIL specifically, diagnosed at 18
months of age or less, and intrauterine exposure
to ultrasound was observed in a multicentre
study in the USA and Canada (Shu et al., 1994b).
In addition, no association with ultrasound was
observed in a population-based study of AML in
the Netherlands (van Duijn et al., 1994) or in a
small hospital-based study of leukaemia in
Mexico (Faj ardo-Gutiérrez et at., 1993а).

Ultrasound examinations

Maternal age

In three case—control studies in Great Britain,
no association was found between routine
ultrasound exposure in pregnancy and
childhood leukaemia or childhood cancer
overall (Cartwright et aI., 1984; Kinnier-Wilson
& Waterhouse, 1984; Sorahan et al., 1995b). The
study of Cartwright et at. (1984) related to 149
cases of ALL, 77 cases of CNS tumours and 329
cases with other types of childhood malignancy,
and two matched controls for each case, one
selected from hospital lists, the other from
general-practitioner lists. The study of KinnierWilson and Waterhouse (1984) was of 665
deaths due to leukaemia and 1066 deaths due to
solid tumours during the period 1972-81, and
living controls matched for sex, age and locality.
While no overall association was observed for
leukaemia or solid tumours, a significant

No consistent association is apparent between
maternal age and CNS tumours overall
(Hirayama, 1979; Johnson et aI., 1987; Nasca et
al., 1988; Birch et at., 1990b), brain tumours
(MacMahon & Newi11, 1962; Salonen & Saxén,
1975; Gold et al., 1979; Wilkins & Koutras,
1988; Wilkins & Sinks, 1990; Emerson et al.,
1991; Gold et al., 1994; Cordier et al., 1994;

Central nervous system tumours

IcCredie et al., 1994b; Linet et al., 1996),
astrocytoma (Kuijten et al., 1990; Emerson et al.,
1991; Bunin et al., 1994b; Linet et al., 1996) or

other types of brain tumour (Burin et al., 1994b;
Linet et al., 1996).

Birth order and prior fetal loss
No consistent association between tumours of
the CNS and birth order or prior fetal loss has
been observed (Table 9.5).
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Other aspects of medical history of the
mother before the inde" pregnancy
Little information is available. Birch et al.
(1990b) reported an excess of diseases of the
nervous system and sense organs in mothers of
cases with CNS tumours. The only specific
condition accounting for this excess was
migraine.

Maternal illness and use of
medications during the index pregnancy
Maternal epilepsy and use of anti-epileptic drugs
and

barbiturates

Interest in a possible association between
childhood cancer and maternal use of antiepileptic drugs was stimulated by the observation
of an apparent excess of barbiturate use during
pregnancy in mothers of cases with brain
tumours compared with mothers of normal
controls and with mothers of children with other
types of cancer (Gold et al., 1978). These
observations were based on six discordant pairs.
Subsequent studies of CNS tumours and
childhood cancer of all types combined are
summarized in Table 9.6. The association between
maternal barbiturate use during pregnancy and
subsequent brain tumours in children (PrestonMartin et ai., 1982; Howe et al., 1989), or with
CNS tumours in general (Goldhaber et al., 1990)
has not been confirmed. Iп addition, no case of
brain tumour was observed in 177 individuals
born in Rochester, Minnesota, between 1939 and
1976 who were exposed to anticonvulsants,
mainly barbiturates, during the first trimester of
pregnancy (Annegers et al., 1979). In a study of
brain tumours in New South Wales, Australia, no
case or control mother reported having taken
anticonvulsants or barbiturates in the month
before or during the index pregnancy (McCredie

In a record-linkage study of 3727 children of
3758 women hospitalized for epilepsy between
1933 and 1962 in Denmark, 49 cases of cancer
were observed compared with 53.8 expected 0f
the basis of the rate in the general population
(Olsen et aI. 1990b). The authors considered that
children born after the mother's first admission
for epilepsy would have been likely to have been
exposed to anticonvulsant drugs during
pregnancy. Among 2579 such children, 14
cancers were identified compared with 13.8
expected. There was no excess of CNS tumeurs
among children born after the first admission of
their mothers (3 cases observed, 2.2 expected).
Ni association between benign or malignant
tumours of any type diagnosed by the age of
seven years and maternal use of barbiturates or
anticonvulsants, anaesthetics, muscle relaxants
and stimulants combined, was found in the
National Collaborative Perinatal Project, a cohort
study of over 50 000 women registering for
antenatal care at 12 institutions in the USA
between 1959 and 1965 (Heinonen et al., 1977).

Anaesthesia during pregnancy and labour
Iп a study of brain tumours in Los Angeles
County; six mothers of cases stated that they had
undergone general anaesthesia during
pregnancy; one for appendectomy and five for
dental procedures; no mothers of controls
reported this (Preston-Martin et al., 1982; Table
9.7). Five of the women stated that sodium
pentothal, a barbiturate, had been used. In a
study in New South Wales, Australia, the relative
risk of brain tumours associated with the mother
having undergone dental surgery requiring a
local anaesthetic during pregnancy was 2.0 (95%
CI 0.8-6.9), and that associated with operations
requiring a general anaesthetic was 4.0 (95% CI
0.4-44.1; McCredie et al., 1994a). No association
with general anaesthesia during pregnancy was
found in a study of astrocytoma (Kuijten et al.,

et al., 1994a).

Analyses of a large study of deaths due to
childhood cancer in Great Britain suggested an
association between total childhood cancer and
epilepsy (Sanders & Draper, 1979; Gilman et al.,
1989). Gilman et al. found that the relative risk of
childhood cancer associated with epilepsy when
the mothers did not report having taken anticonvulsants was 1.0 (95% CI 0.5-1.8, based on 19
cases whose mothers reported epilepsy and 20
controls). The relative risk associated with
reported use of anticonvulsants in the absence of
reported epilepsy was 0.9 (95% CI 0.7-1.2). By
contrast, a raised relative risk was found for
women who reported that they had epilepsy and
took anticonvulsant drugs during pregnancy (RR

1990).

The role of anaesthesia and pain relief in
labour has also been investigated (Table 9.7). In a
large study in Sweden, using information
recorded in the national medical birth
registration system, there was a positive
association between brain tumours and maternal
exposure during delivery to narcotics (RR = 1.3,
95% CI 1.0-1.6) or penthrane (RR = 1.5, 95% C1
1.1-2.0) (Linet et al., 1996). The association
with narcotics was apparent for high-grade
astrocytome and sub-types other than
astrocytoma, medulloblastoma and ependymina. The association with penthrane was
apparent for high-grade astrocytoma and medul-

= 2.7, 95% CI 1.3-5.6).

293

Ергдетiоlоgy of Childhood Cancer
ô

..
?

т

a

ÿ

_
_

f

`.

ï
3

'
'

1

~
т

,^

L̀ia

,~

y N

_

i

C

П

_

ÿ..
F

-

_2

C.

J

Y
L
r-

G y

Y,

c

г7.~

Г

:J ц

-~
т~

c c

f~

<

C

_
â

F

н

â

п~ , 5

_

_
â

v

i s

û M

L
c

J

7
-c

:.

"

W❑
уΡ

= гСΡY

E

Е

L..~ •j

ç x

C

ч t
.r G i ~-i

с

-

_

_—

C

y n
R

b

:

_

y
h,5

w~

~

F~

:

u

ç

г

-:;;;:

CC

u

u

C y
x

S
~н

^

y Y

c
7

-

о

!0.

-

,D

a

-:

E
'.

u
É

cam_
i

r

-

ti

_

вуΡ

L

m

CÇ

о

j

--

n
c

Y

~уΡ

.

с

_

r- =
[

Ô

~'•

п

5
w

U

, гл

~L '-

294

д

u
v

G Э

Cч

л

H го G

=

~~ uC

л

n
❑
Ç

r y

гг

a

r

Maternal reproductive history, cud maternal гIlness and related drug use

c

о

-r

k'

:â

~

;_
м

q

_

ÿ

L'

-`~

н

r
л

.,
y

-

ap

~o
5

I

J

F

F4

I

~~ ..

-с

у

r °1

•г

ГL ,p

v гo v

с

C..'i

4~

~`

.
u

t .5
м

Cт

c K v

l C
=

_
❑ Y_

.G

=

л

--

--

-

a

и

-

гa

-

b

-

1 C J
y~ w и

4

C

c.
гr,

â
.Я

a

0

:

-

'

-

j
':

'.,

Y~

~1

.г

c
O,
d
7

:

F

a

j.

5

h•

j.

~
д

с

a

L

L

r•

a

'Л

.r

F.

y

~

::O

4
O

_

r

T_

-г

~ r

r,

ty

5

i :-

й

ј

d

k.

.~

4

о

L

}

f

~
~

L
li

^'
❑'

~2

Г-ч

й

Ÿ

~-

dli
~. „7

.i

295

y

-

Г~

~

7,
d

~

r

Г,~G

•-ч

LiJ
Ж

V

r

Ерiдетiоlоgy of Childhood Cancer

loblastoma. No statistically significant
association with anaesthesia during delivery was
apparent in smaller studies (Bunn et c11., 1994b;
McCredie et ai., 1994а). No consistent
association with Caesarean section, an
indication for anaesthetic use at the time of
delivery, is apparent.

the national medical birth registration system, a
positive association was found with oral
contraceptive use in the three-month period
preceding conception (RR = 1.6, 95% CI 1.0--2.8;
Linet et al., 1996). There was no association with
use reported to have occurred within 30 days of
the estimated date of conception. No association
with precoceptloal use of oral contraceptives
was found in a small study in northern England
(Birch et ai., 1990b), but the statistical power of
this study was substantially lower than that of
Linet et al. (1996).
In a few studies, the association between brain
tumours and maternal lise of medications having
effects on the CNS other than anticonvulsants
and drugs used during labour has been
investigated. No association between
medications such as sedatives, tranquillizers, diet
pills or antidepressants and brain tumours has
been found (Preston-Martin et al., 1982; Birch et
аl., 1990b; Kuijten et al., 1990; Bunin et al.,

Nitrosatable drugs
Many drugs have can undergo nitrosation in
vivo (Carozza et al., 1995). Antihistamines and
diuretics are two particularly important
examples.
Preston-Martin et al. (1982) reported a positive
association between brain tumours and maternal use of antihistamines during pregnancy (RR =
3.4, p = 0.002). The main indication for
antihistamine use was relief of the symptoms of
hay fever. In other studies, no consistent
association was found for brain tumours overall
(Cordier et ai', 1994; McCredie et aL, 1994а), for
astrocytoma (Kuijten et al., 1990; Bunin et a1.,
1994b) or for primitive neuroectodermal
tumours of the brain (Bonin et al., 1994b). Iп a
large study of deaths due to childhood cancer in
Great Britain, no association was found with
bronchospasm relaxants (Gilman et al., 1989).
This category included the antihistamine

1994; McCredie et al., 1994а).

In three studies, data on the association
between brain tumours aid use of analgesics not
related to anaesthetic use were presented. Bunin
et al. (1994b) reported a relative risk associated
with maternal use of prescription pain
medications of 2.9 (95% CI 0.7-12.1) for
astrocytoma and 2.2 (95% CI 0.7-7.5) for
primitive neuroectodermal tumours of the brain.
McCredie et a1. (1994а) found a relative risk for
all types of brain tumour combined and use of
non-prescription drugs for pain of 2.2 (95% CI
0.7-6.6), and use of cold or cough remedies of

diphenhydramine.
No consistent associations between brain
tumours and maternal use of diuretics during
pregnancy has been found (Preston-Martin et a1.,
1982; Kuijten et al., 1990; McCredie et a1.,
1994а).
Carozza et al. (1995) investigated maternal
gestational exposure to drugs classified as Nnitrosatable on the basis of published direct
evaluations of nitrosatability and predictions
from structure—activity relationships in 361 cases
of brain tumours diagnosed at ages of 18 years or
less and 1083 controls recruited by random-digit
dialling. The relative risk of all types of brain
tumours combined was 1.2 (95% CI 0.7-1.9). No
clear association was apparent for any subgroup.

3.1 (95% CI 0.7-14.4). Preston-Martie et

ai.

(1982) found no association between brain
tumours and maternal use of aspirin during
pregnancy.
No association between maternal ultrasound
examination during pregnancy and brain
tumours has been observed (Kinnier-Wilson &
Waterhouse, 1984; Bunin et ai., 1994b; McCredie
et ai., 1994а).

Neuroblastoma

Other maternai illnesses and medications used
during pregnancy
No consistent association has been observed
between brain tumours and toxaemia, preeclampsia or eclampsia (Birch et a1., 1990b;
Kuijten et a1., 1990; Bunin et al., 1994b; Linet et
al., 1996), aitinauseants (Kuijten et al., 1990;
Bunin et al., 1994b), hormones used during
pregnancy (Gold et al., 1979; Nass, 1989; Bunin
et al., 1994b; IcCxedie et al., 1994а) or hormonal
pregnancy tests (Birch et al., 1990b). In a large
study in Sweden, using information recorded in

Maternal age, birth order and prior
fetal loss
There is no consistent association between
maternal age and neuroblastoma (Hirayama,
1979; Greenberg, 1983; Johnson & Spitz, 1985;
Carlsen, 1986; Kramer et al., 1987; Neglia et ai.,
1988; Schwartzbaum., 1992; Michaelis et ai.,
1996; Michalek et a1., 1996). In addition, no
consistent association with birth order or prior
fetal loss has been found (Table 9.8).
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Other aspects of medical history of the
mother before the index pregnancy
In one study of neuroblastoma, maternal
medical history was examined with particular
emphasis placed on a history of disorders of the
CNS and on hereditary diseases (Kramer et a1.,
1987). Of the 104 pairs of mothers in the study,
103 were negative for a history of epilepsy,
seizures or other disorders of the CNS.

Pregnancy hypertension and diuretics
Kramer et al. (1987) reported a positive
association between neuroblastoma and both
high blood pressure and toxaemia during
pregnancy, based on 104 case—control pairs.
However, these findings were not replicated in
another study of 183 case—control pairs
(Michalek et al., 1996).
In the study of Kramer et al. (1987), positive
associations with diuretic use were recorded in a
comparison with controls selected by randomdigit dialling (RR = 5.8, p = 0.001, one-sided) and
in comparison with siblings (RR = 3.0, p = 0.01,
one-sided). Comparison of maternal reporting of
pre-eclampsia, toxaemia or high blood pressure
during pregnancy after the event with medical
records indicates a moderate level of agreement,
(kappa between 0.4 and 0.7) (Cartwright &
Smith, 1979; Martin, 1987; Little, 1992). Kramer
et al. (1987) suggest that water retention during
pregnancy, as well as toxaemia and high blood
pressure, may be a consequence of increased
catecholamiae levels during pregnancy, which
are synthesized and secreted by the majority of
neuroblastomas. In the hospital-based study of
Schwartzbaum (1992), the relative risk of
neuroblastoma associated with use of diuretics
for high blood pressure was 4.1 (95% CI
1.0-16.9, based on four exposed cases), while
that associated with use of diuretics for other
reasons was 1.7 (95% Cl 0.4-6.5, based on three
exposed cases). In the study of Michalek et al.,
(1996), there was no association with drugs
taken in pregnancy for water retention. In a
study carried out in Germany in areas with high
levels of caesium-137 contamination following
the Chernobyl accident, no mothers of 67 cases
or of 120 controls reported use of diuretics
during pregnancy in response to a specific
question about use of this drug (Michaelis et al.,
1996).

Hormone treatment
Kramer et al. (1987) considered the association
between maternal exposure to sex hormones
before or during the index pregnancy and
neuroblastoma, primarily because diethylstilbe-

strol had been recognized as a transplacental
human carcinogen. In a comparison of 104 cases
and a similar number of controls recruited by
random-digit dialling in the Greater Delaware
Valley (USA), the relative risk associated with use
of sex hormones in the three months before or
during the index pregnancy was 2.3 (р = 0.03,
one-sided). Other than accidental oral contraceptive use, the main reason given for taking sex
hormones was bleeding during pregnancy. In a
comparison of 101 cases of neuroblastoma and
690 controls with other types of childhood
cancer treated at a tertiary referral centre in
Memphis (цSА), no association with sex
hormones was apparent (Schwartzbaum, 1992).
The participation rates in this study were low,
and the sociodemographic characteristics of the
cases and controls whose mothers were
interviewed differed from those for whom
maternal interviews were not carried out. In a
population-based case—control study in New
York State, a positive association between
neuroblastoma and use of sex hormones in
pregnancy was found (RR = 3.0, 95% C1 1.3-6.9;
Michalek et al., 1996). 14 of 183 cases and 10 of
372 controls were exposed. The main reasons
reported for hormone use were infertility, vaginal
bleeding, maintaining the pregnancy and a past
history of miscarriage. Information onoral
contraceptive use was not sought. It would seem
worthwhile to investigate the relation between
neuroblastoma and intrauterine exposure to sex
hormones in other studies.
Neuroectodermal tumours occurred in three of
2285 live births after conception by in vitro
fertilization in Australia between 1979 and 1987
(White et al., 1990). Two children had
neuroblastoma and the other had rnedulloblastoma. The reported annual incidence rate of
neuroblastoma in Australia is 1.0 per 100 000
children, and that of medulloblastoma is 0.4 per
100000. The three affected children were
conceived between 1985 and 1987. Two further
children, one with neuroblastoma, the other
with a supratentorial primitive neuroectodermal
tumour were conceived during the same period
after ovulation induction with clomiphene and
artificial insemination. There were no data for
the total number of births delivered after a
similar procedure. In a series of 6236 cases of
childhood cancer diagnosed during the period
1985-89 in Japan, nine cases had been born to
mothers who had undergone ovulation
induction (Kobayashi et al., 1991). The excess
was clearest for neuroblastoma, four cases of a
total 187 having been conceived following
ovulation induction. The other patients
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comprised one case of astrocytoma, one of
Burkitt's lymphoma, one of malignant
lymphoma not otherwise specified, one of
malignant reticulosis and a suspected malignant
fibrous histiocytoma.

Phenytoin
A number of case reports have associated
neuroblastoma with in-utero phenytoin exposure
and in some cases fetal hydantoin syndrome
(Pendergrass & Hanson, 1976; Sherman & Roizen.,
1976; Ramilo & Harris, 1979; Seeler et aI., 1979;
Allen et al., 1980; Delgado et al., 1980; Ehrenbard
& Chaganti, 1981; Koren et al., 1989). However, in
a case series from a hospital in Toronto during
1969-86, none of the parents had had epilepsy or
had been treated with phenytoin for other
indications (Koren et al., 1989). No association
between neuroblastoma and maternal use of anticonvulsants during pregnancy was found in the
one case—control study of 5chwartzbaum (1992),
and there was na association with maternal
epilepsy in the study of Michalek et al. (1996).

Other neurally active drugs
Case reports describing children with
neuroblastoma who also had the fetal alcohol
and/or fetal hydantoin syndromes stimulated
interest not only in the possible role of alcohol
and hydantoin in the etiology of this tumour, but
also in the role of other neuraly active substances
(Kramer et al., 1987). These authors defined
`neurally active drugs' as those which have a
significant effect on the CNS, including
amphetamines,
narcotics,
barbiturates,
tranquillizers, diet pills and muscle-relaxants. In a
study in the Greater Delaware Valley, these
authors found a relative risk of neuroblastoma of
2.8 (p = 0.01, one-sided) associated with maternal
use of these drugs during pregnancy. The risk
associated with taking these drugs at any time
before pregnancy was 1.5 (not significant). The
elevated relative risk in comparison with controls
selected by random-digit dialling was also
apparent in comparison with siblings. A positive
association with these drugs was also found in a
hospital-based study in which the control group
comprised children with other types of cancer (RR
= 2.1, 95% CI 1.1-4.3; Schwartzbaum, 1992).
However, as already discussed, the participation
rate tri this study was low.

positive association with nonprescription painrelievers was observed, but there was no
association with prescribed anti-inflammatory
agents (5chwartzbaum, 1992). In another, there
was a positive association with treatment for
acute vaginal infections, and the infections
themselves, during pregnancy (Michalek et aL,
1996).

Retinoblastoma
No association between maternal age and eye
tumours has been observed (Salonen & Saxén,
1975; Hirayama, 1979). One case—control study of
retinoblastoma and maternal illness and
medication use during pregnancy is available, a
multicentre study in the USA and Canada (Bunn
et al., 1989а). In this study, two groups of cases
without a family history were defined; (1) "nonheritable", i.e., unilateral without a constitutional
1З q deletion; and (2) "sporadic heritable", i.e.,
bilateral, or unilateral with a constitutional 13q
deletion. It was postulated that postzygotic
exposures would account for cases of the former
type, and prezygotic for the latter. There were 115
non-heritable and 67 sporadic heritable cases.
Matched controls were selected by random-digit
dialling. For both groups, there were elevated
relative risks for maternal use of morning-sickness
medication during pregnancy and for use of
antihistamines, and there was an inverse
association with anaemia. No association with
other illnesses and medications, and specifically
with previous fetal loss, contraceptive use at the
time of conception, morning sickness or bleeding,
was found.

Wilms' tumour
Maternal age, birth order and prior
fetal loss
There is no consistent association between
maternal age and Wilms' tumour (MacMahon &
Newi11, 1962; Salonen & Saxén, 1975; Hirayama,
1979; Wilkins & 5inks, 1984a,b; Bunin et al.,
1987; Lindblad et al., 1992; Olshan et al., 1993;
Olson et aI., 1993b; Heuch et al., 1996). Iп
addition, no consistent association with birth
order or prior fetal loss has been found (Table 9.9).

Other aspects of medical history of the
mother before the iпдеx pregnancy

Other maternal illnesses and
medications used during pregnancy

In a study of Wilms' tumour, a positive
association with maternal gall-bladder disorder
(RR = 9.0, p < 0.05, based on 10 discordant pairs)
was found (Bunin et al., 1987).

No consistent association has been observed
with maternal use of anti-nauseants (Kramer et al.,
1987; Schwartzbaum, 1992). In one study, a
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Maternal reproductive history, and maternal illness and related drug use

Pregnancy hypertension

There is no consistent association with use of
sex hormones during pregnancy (Bunn et al.,
1987; Olshan et al., 1993). In the one available
study, no association with maternal ultrasound
examination during pregnancy was found
(Olshan et al., 1993).

to 31 years at diagnosis and 193 controls selected
by random-digit dialling (Holly et al., 1992), and
the other was of 208 cases diagnosed at ages up
to 22 years, with a similar number of controls
selected by random-digit dialling, and 191 sib
controls (Winn et al., 1992). There was no
association with maternal age, number of
previous pregnancies or with reported difficulty
in becoming pregnant in the study of Winn et al.
(1992). In the study of Но11у et al. (1992),
elevated relative risks were observed for thyroid
hormone replacement taken by mothers during
pregnancy and for antibiotic use, but these
findings were not replicated in the study of
Winn et ai. (1992). In the study of Winn et al.
(1992), there was a statistically significant
elevated relative risk associated with maternal
use of medications for nausea and vomiting in
the comparison with sib controls, but this was
not apparent in the comparison with controls
selected by random-digit dialling or in the study
of Holly et al. (1992). There was no association
with maternal gestational spotting or cramping,
severe nausea or vomiting, eclampsia, toxaemia
or high blood pressure, general anaesthesia or
Caesarean section, use of diuretics or other
medications in either study. Thus, the limited
available data on Ewing's sarcoma show no
consistent association with maternal medical
conditions, procedures or medications.
In two case—control studies of osteosarcoma
diagnosed at ages up to 24 years, there was no
association with maternal estrogen use in the
year before or during the index pregnancy,
(Operskalski et al., 1987; Gelberg et al., 1997).

Hepatoblastoma

Rhabdomyosarcoma

Following a report of a positive association
between neuroblastome and pregnancy
hypertension, this factor was investigated in a
case—control study of Wilms' tumour in the
Greater Philadelphia area, USA. A positive
association with high blood pressure or fluid
retention during pregnancy was found (RR = 5.0,
95% CI 1.2-31.2; Bunin et a1., 1987). This has not
been confirmed in larger subsequent studies
(Lindblad et aI., 1992; Olshan et al., 1993).

Anaesthesia during labour
Iп a study in Sweden, a positive association
between Wilms' tumour and penthrane
inhalation during labour was observed (Lindblad
et ai. 1992). This was only apparent in the
subgroup of children diagnosed at four years of
age or more. There was no association between
Wilms' tumour and other methods of pain relief
such as nitrous oxide anaesthesia. In studies in
Norway and in the USA, no association with use
of anaesthetics during delivery was found
(Olshan et al., 1993; Heuch et al., 1996). No
association with Caesarean section is apparent
(Lindblad et a1., 1992; Olshan et al., 1993).

Other maternai illnesses and
medications used during pregnancy

In the one available study, there was no
association between hepatoblastoma and
maternal age, birth order, fertility, ultrasound
examination during pregnancy, or use of antihypertensives, diuretics, oral contraceptives and
other exogenous hormones, anti-nausea
medications, sedatives, tranquillizers, diet pills,
cold or cough remedies or other medications
during the index pregnancy or the year before it

Maternal age and previous fetal loss
In the three available studies of rhabdomyosarсота, relative risks of 1.4-2.6 were associated
with a maternal age of 30 years or more (Table
9.10). The association was weakest in the largest
study (Ghali et al., 1992); no association was seen
when the threshold for advanced maternal age
was 35 years (RR = 0.8, 95% CI 0.3-1.8).
In a case—control study in Connecticut, a
positive association with a prior history of
stillbirth was observed (RR = 3.7, 95% CI 1.5-8.9;
Ghali et al., 1992). The finding in a small study
in North Carolina of a positive association with a
prior history of miscarriage (RR = 1.9, 95% CI
0.6-6.2; Grufferman et al., 1982) appears to be
consistent with this. However, in a study in
northern England, mothers of children with softtissue sarcoma had a significant deficit of

(Buckley et al., 1989a).

Bone tumours
No consistent association is apparent between
maternal age and childhood bone tumours
(5alonеп & Saxén, 1975; Hirayama, 1979; Hartley
et al., 1988b).

Two studies of Ewing's sarcoma are available,
both from the USA. One was of 43 cases aged up
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miscarriages compared with mothers of
community or hospital controls; the deficit was
largely confined to the rhabdomyosarcoma
group (Hartley et al., 1988b).
There was no association with birth order in
the one available study (Ghali et al., 1992).

maternal use of exogenous estrogens during
pregnancy was observed (RR = 3.6, 95% CI
1.2-13.1; Walker et ai., 1988). However, no
association was found between germ-cell
tumours overall, diagnosed at age 14 years or
under, or specifically of ovarian germ-cell
tumours, and inadvertent use of oral
contraceptives during pregnancy in the study of
Shu et al. (1995а).

Maternal illness and medication use
during pregnancy
Only one study specifically of rhabdomyosarcoma is available (Grufferman et al., 1982). There
was a positive association with maternal use of
antibiotics during and in the year preceding the
index pregnancy (RR = 2.7, 95% CI 1.1-6.5).
There was no association with maternal use of
tranquillizers, aspirin or pain or cold remedies.
In a study of soft-tissue sarcoma in northern
England, a positive association with pregnancy
hypertension, defined to include also preeclampsia, oedema and albuminuria, was found
(RR = 2.7, 95% CI 1.1-7.1; Hartley et al., 1988b).
There was no association with other maternal
illnesses or medications used during pregnancy.

Clear-cell adenocarcinoma of the
vagina aid cervix and
diethylstilbestrol
Diethylstilbestrol became available in 1938 and
was used in the treatment and prophylaxis of
threatened abortion and premature labour
(Tomatis, 1989). Before 1970, clear-cell
adenocarcinoma of the vagina in young women
had been reported on oniy a few occasions
(Vessey, 1989). Between 1966 and 1969, seven
girls aged 1522 years with the condition were
seen at a Boston hospital (Herbst & Scully, 1970).
These seven cases, together with one further case
(aged 20 years at diagnosis) treated at another
hospital in Boston, were included in a
case—control study (Herbst et al., 1971). For each
case, four matched controls were selected from
the records of the hospital ln which the case had
been born, and data on a variety of maternal
exposures during pregnancy and during the
lifetime of the index subjects were obtained by
maternal interview. Seven of the eight mothers
of cases had been treated with diethylstilbestrol,
starting during the first trimester, whereas none
of the control mothers reported this treatment.
Six of the eight mothers of cases reported a prior
pregnancy loss, compared with five of 32
mothers of controls, and three case mothers
reported an episode of bleeding compared with
one control mother. Similarly, in a study of five
cases aged 15-19 years at diagnosis and eight
controls, matched with four of the cases on
hospital, data of birth, maternal age and parity,
four of the mothers of cases had taken diethylstilbestrol and one dienestrol, whereas none of
the control mothers had taken synthetic
estrogens during pregnancy (Greenwald et ai.,
1971). Later, clear-cell adenocarcinoma of the
cervix also was shown to be related to prenatal
exposure to diethylstilbestrol (Herbst et ai., 1972;
No11er et al., 1972).
The incidence of new cases of clear-cell
adenocarcinoma in the available cohort studies

Germ-cell tumours
No consistent association has been observed
between maternal age aid germ-cell tumours
Johnston et cii., 1986; Shu et al., 1995а) or
teratoma (Hirayama, 1979). In addition, no
consistent association between germ-cell
tumours and birth order or previous miscarriage
is apparent (johnston et aL, 1986; Shu et ciL,
1995а).

Two case—control studies of germ-cell tumours
of all types and maternal illness and medication
use during pregnancy are available, one from
northern England (johnston et ai., 1986), the
other from the USA and Canada (Shu et ai.,
1995а). One was of 41 (25 malignant, 16 benign)
cases and similar numbers of matched healthy
controls selected through general practices and
of hospitalized controls without neoplastic
disease Johnston et ai., 1986), and the other was
of 105 cases with malignant germ-cell tumours
and 639 controls selected by random-digit
dialling (Shu et al., 1995а). There was no
association in either study with pregnancy
hypertension, toxaemia, oedema or albuminuria,
severe nausea or vomiting, threatened
miscarriage or bleeding, or medication use. No
association with maternal ultrasound
examination during pregnancy was observed in
the study of Shu et aI. (1995а).
Ina case—control study in the USA, a positive
association between ovarian germ-cell tumours
diagnosed before the age of 35 years and

is very low (Vessey, 1989). Giusti et al. (1995)

estimated that the cumulative risk of clear-cell
carcinoma up to the age of 34 years in women
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exposed ta diethylstilbestrol in utero is between 1
in 1000 and lin 10000.

Conclusions
Diethylstilbestrol treatment of the mother
during pregnancy has been causally hiked with
clear-cell adenocarcinoma of the vagina and
cervix. The concern raised by this finding
appears to have been one of the factors which
stimulated investigation of the association
between aspects of maternal reproductive
history, including the use of exogenous sex
hormones by the mother, and various types of
childhood cancer.
In early studies, first-born infants had a higher
risk of dying from leukaemia in childhood than
later-born infants. This association is not
apparent in studies based on newly incident
cases, most of which are more recent. No
consistent association between leukaemia and
maternal age has been found. With regard to the
hypothesis that maternal fertility problems are
associated with ALL (Van Steeпsel-Moll et al.,
1985x), an increased risk associated with
infertility investigations aid hormonal
treatment for infertility in the periconceptional
period has been reported in a study in England,
but no instance of ovulation induction was
reported in a large series of childhood leukaemia
cases in Japan. No consistent association is
apparent with a history of fetal loss, prolonged
interval between oral contraceptive discontinuation and the index pregnancy, although this has
been little investigated, or threatened miscarriage
during the index pregnancy.
No association between leukaemia and
intrauterine exposure to ultrasound has been
observed. There are inconsistent findings
regarding maternal anaesthesia during labour,
but no association has been found with
Caesarean section, an indication for anaesthesia
in labour, in any study.
No consistent association between brain or
CNS tumours and maternal age, birth order or
prior fetal loss has been observed. An early report
of an association between brain tumours and
maternal use of barbiturates during pregnancy

has not been confirmed. In some studies, an
association with anaesthesia during pregnancy
was found, but no consistent association with
Caesarean section has been observed. In relation
to the N nitroso hypothesis (see Chapter 1), no
consistent association between brain tumours
aid antihistamines or diuretics has been
identified, but the statistical power of the studies
to detect this was low. In a large study, a positive
association with oral contraceptive use in the
three-month period preceding conception was
found. In smaller studies with low statistical
power, no association with pre-conceptional,
periconceptional or gestational use of hormones
has been found.
No consistent association between
rieuroblastoma and maternal age, birth order or
prior fetal loss has been observed. In two out of
three studies, a positive association with use of
sex hormones before or during the index
pregnancy was found. This may be consistent
with excesses of neuroblastoma reported after
assisted conception. 1n two studies, neurally
active drugs other than phenytoin have been
positively associated with neuroblastoma. In two
of four studies in which the association has been
reported, a raised relative risk associated with
maternal diuretic use during pregnancy was
observed. If confirmed, the association with
diuretics may be secondary to water retention
consequent upon increased catecholamine levels
during pregnancy caused by the presence of the
tumour in the fetus.
Wilms' tumour has not consistently been
associated with maternal age, birth order or prior
fetal loss. No consistent association with
pregnancy hypertension, anaesthesia during
labour or use of sex hormones has been observed.
In a single study, a positive association with
maternal gal-bladder disorders was repo rted.
There is some evidence that the risk of rhabdomyosarcoma increases with maternal age, and
in two of three studies, a positive association
with a history of fetal loss was found.
The role of maternal reproductive history,
maternal illness and related drug use has been
little investigated for other types of childhood
cancer.
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Chapter 10

Medical history of the index child
In this chapter, the associations between
childhood cancer and perinatal characteristics of
the index child, namely the multiplicity of the
birth, the presence of congenital anomalies, and
size at birth are discussed. In addition, other
aspects of perinatal health and interventions
applied in the perinatal period, most notably
vitamin K prophylaxis, are considered. Apart
from infection, which is discussed in Chapter 7,
aspects of health later in childhood have been
little studied. Work on injuries, epilepsy and
seizures, which have been investigated mainly in
relation to brain tumours, and on growth, is
reviewed.

population, and studies in which the frequency
of total childhood cancer in twins was compared
with that in singletons are summarized in Table
10.1. There was no excess of cancer in twins in
any of the studies.
Three studies have documented an increased
risk of childhood cancer associated with
intrauterine exposure to X-rays of twins (Mole,
1974; Harvey et al., 1985; Rodvall et at., 1990).
However, despite the increased frequency of
prenatal X-ray exposure among twins (as high as
50-60% compared with 10% of singletons in the
study of Mole (1974)), no excess of cancer has
been reported. As noted by Rodvall et al. (1992),
increased cancer risks would not be expected in
the oldest cohorts studied before the time of
diagnostic X-rays, for example in part of the
period of study in Connecticut (Inskip et at.,
1991), nor in the youngest cohorts, born after
improved equipment lowered exposures and
ultrasonic imaging came into use. The
observation by Cnattingius et at. (1995a) of a
positive association between lymphatic
leukaemia and multiplicity (RR = 2.5, 95% CI
1.0-6.0) i Swedish children aged five years or
more, but not in younger children, born in the
period 1973-89, may be compatible with this
pattern. During the 1970s, twins were often
exposed to prenatal diagnostic radiation to
confirm multiple birth status or fetal position.
Given the small numbers in the studies, the
power of detecting any pattern of risk in twins
compared with singletons in relation to cohort
effects such as these is very low.
Hewitt et al. (1966) observed that the apparent
deficit of twins among cases of childhood cancer
in their series was largely of cases with co-twins
of like sex. This is suggestive of a deficiency of
members of monozygous pairs. 5uсh a deficit
could arise if some of the genotypes predisposing
to childhood cancer also were associated with an
increased risk of embryonic or fetal death. In
addition, the sex ratio among cases with a cotwin of like sex was 0.86, substantially Iower
than in the total series, 1.26. The authors noted
that in a series of leukaemia deaths in the northeastern part of the цSА, the sex ratio among

Perinatal and constitutional
characteristics of the index child
Multiplicity
Comparisons of concordance rates between
twins of like and unlike sex have been discussed
in Chapter З.
If the intrauterine environment were
important in the etiology of specific types of
childhood cancer, it would be expected that if
one member of a dizygotic twin pair were
affected, the other would be affected more
frequently than would a non-twin sib of an
affected individual. The data available to test this
hypothesis are very limited, but it is interesting
that for leukaemia at least, in the available series
(Table 3.1), no unlike-sex twin pairs were
concordant, whereas there is some evidence of
an increased risk to sibs of cases with childhood
leukaemia.
It has been suggested that the incidence of
childhood cancer in twigs would differ from that
in singletons because of the association between
twinning and advanced maternal age,
prematurity and other complications associated
with twin delivery (Osborne & De George, 1964)
and because of differences in prevalence of
exposure to diagnostic X-rays in utero (Hewitt et
a1., 1966). Studies in which the proportion of
twins among series of cases of childhood cancer
was compared with the proportion in the general
304

Medjcal history of the index child
.N

-

.сL

-

-

_

ll

rc

п

C

,
r

ti

a

L

-

1
a
i

v

y

_

-~~
_

y
7

~ te

i

vY

ii

i
_

û

_

,

п=
,y

F

C

J

1
И

п

M д
r+

l

}

,..

54

t

5

.

Цс

+'

7

ј

r
ц

.

c .м

x н~

}

д

-

L..1

-

vь
'01

L
-

y_ r.
п~

rG
W

51.1

-

i

i;

0

r

a~
na

т~

L

cc

.~

г
H

5

q

C

]~

-

~•

u

ti

-

L.~

г~

-

s

v

1

-01

F,
н

r

4

5

5

-

G
❑

-

F̀r

4

S

=,ьr

a
y

~.

-Y

=

,~

ц

Г^

j ..

-Т

ü+

л,

rG

a

J

5
г•

т

d

_O

a4

с

y'

Гл

J

гь

4

T
:-

4

-

ÿ

C
г.S

?

t
с

`il

rv.
7

~1
C. 5 u

Û-

5.:Wi

~

~ L

v

2
л j

_

r

г
rC
I

5
`.
~
2

_
.J

J

л

Ц

пÿ

305

Л
J

_

t
bÿ

~Q
~

Epidemiology of Childhood Cancer

cases with a co-twin of like sex was 0.74, and that
many of the deaths in twins came from a
population in which the overall sex ratio for
leukaemia deaths was 1.39 (MacMahon, 1962).
Hewitt et a1. considered that these observations
suggest some selective elimination of males from
the starting population of zygotes with a
predisposition to cancer. This would be
compatible with the low sex ratio defined among
unaffected sibs of familial cases of childhood
cancer in Great Britain (male proportion 0.71).
In addition, in the British series, a history of
threatened abortion followed by onset of
malignant disease within six months of delivery
was identified for oniy one boy, whereas it was
identified for 13 girls. Although a deficit of likesex pairs was identified in the series of deaths
from California, this was entirely accounted for
by leukaemia (Norris & Jackson, 1970). No deficit
of like-sex pairs was found in Norway (Windham
et ai., 1985) or in Connecticut (Inskip et al.,
1991). In the studies of Inskip et al. (1991) and
Rodvall et al. (1992), substantial deficits of
childhood cancer cases among twin born boys
aged under five years were observed. There was a
suggestion of this in the data on leukaemia from
California Jackson et al., 1969), but this was not
clearly apparent for deaths due to other types of
childhood cancer (Norris & Jackson, 1970).
Osborne and De George (1964) suggested that
the second-born member of a twin pair might be
at increased risk of childhood cancer because it
usually receives an extra blood transfusion from
the placenta, increasing the chance of the
second-born twin receiving hydatidiform,
chorionic, necrotic, and other elements from the
placenta compared with either the first-born
twin or a singleton. In combined data on 154
twins from Great Britain (Hewitt et al., 1966),
California Jackson et al., 1969; Norris & Jackson,
1970) and Connecticut (lпskip et al., 1991), 75

were first-born members of the pair, and 79
second-bornmembers of the pair. In sub-group
analysis, Norris and Jackson, (1970) noted that at
ages 5-14 years, there were 7 first-born cancer
cases and 19 second-born. By contrast, more
first-born twins died of cancer at ages 0-4 years
than second-born (17 as compared with 9). No
significant differences in twin birth order were
detectable when sex composition and birth
weight were controlled. In an investigation of
1063 twins with cancer diagnosed in childhood
or in early adult life in the period 1971-84 in
England and Wales, and whose co-twin was born
alive, the relative risk of cancer of any type in the
second-born twin compared with the first-born
was 0.95 (95% CI 0.84-1.08; 5wеrdlow et al.,

1996). With regard to specific types of cancer, the
relative risk for leukaemia was 0.7 (95% CI
0.5-1.0). The highest relative risk was for
tumours of the brain and nervous system (RR
1.5, 95% CI 0.8-2.8). Thus, there is no evidence
supporting the hypothesis proposed by Osborne
and De George. Swerdlow et ai. (1996) suggested
that the excess of leukaemia in first-born twins
in their study might be related to the first-born
twin being at greater risk than the second-born
of ascending infection or of infections acquired
during the passage through the birth canal.
It has been suggested that the deficit of
childhood cancer in twins observed in several
series may be accounted for by the low birth
weight of twins as compared to singletons
(Iпskip et al., 1991). However, as noted by these
authors, the association between birth weight
and childhood cancer is unclear (see section on
birth weight). In California, Jackson et al. (1969)
observed that 69% of twins who died from
leukaemia were heavier than their nonleukaemic co-twin. After аdjustiпg for sex and
birth order, there was a statistically significant
intra-pair birth weight effect, with heavy
leukaemic females contributing most to the test
result. No such pattern was apparent for other
deaths due to childhood cancer (Norris &
Jackson, 1970). Inskip et ai. (1991) noted that in
slightly more than half of the incident cases of
cancer in twins, the affected member of the pair
was heavier than the other. These authors noted
that adjustment for potential confounding was
difficult in view of the close correlation between
birth weight and other characteristics of
pregnancy. In addition, in view of the
association between low birth weight and
neonatal mortality, variation in the risk of cancer
associated with birth weight could be an artefact
of differential survival. Inskip si al. (1991)
suggested that if it were true that there is
selective early mortality of twin fetuses or births
who would otherwise have developed a cancer, a
decline in the deficit of cancer in twins with time
would be expected, associated with the decline
in infant mortality rates. However, no such
decline was apparent in the five successive
decades in their study.

Congenital anomalies
Associations between congenital anômalies
and childhood cancer may provide clues as to
the possible importance of prenatal exposures in
the etiology of childhood cancer (Tomatis, 1989).
Studies in which the frequency of congenital
anomalies in cases of childhood cancer are
compared with the frequency in control series
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are summarized in Table 10.2. For each specific
type of childhood cancer except Wilms' tumour,
soft-tissue sarcomas and bone tumours, the
majority of studies suggest a positive association
with congenital anomalies of all types. However,
the magnitude of the association varies between
studies. This reflects in part the play of chance.
In addition, the variation reflects differences in
the groupings of congenital anomalies
considered, and differences in methods of
ascertainment. For example, some of the largest
excesses were apparent in the study of Kobayashi
et ai. (1968) and Mёhеs et ai. (1985). In the
former, total anomalies recorded by
paediatricians caring for the cases with cancer
were compared with those in children seen at an
outpatient clinic who had not been referred on
grounds of malignancy or congenital anomalies.
Therefore, it is possible that the cancer cases
underwent a more thorough diagnostic
evaluation than the control children, and it is
notable that about half of the cases with cancer
had minor anomalies only; no figures on this are
presented for the control subjects. In the latter,
the excesses were apparent only for minor
abnormalities which were compared between
cancer cases and control children with acute
infectious diseases. While there appears to have
been a specific examination protocol, it seems
unlikely that the examiner would have been
blind to the case—control status of the child.
In the studies in which congenital anomalies
were ascertained by parental interview or
questionnaire (Stewart et al., 1958; Miller, 1963;
Ager et al., 1965; Johnston et al., 1986; Bunin et
aL, 1987; Shu et al., 1988; Baptiste et al., 1989;

Birch et al., 1990b; Magnani et al., 1990; Mann et
аi., 1993; Cordier et al., 1994; Gold et ai., 1994;
Hartley et aL, 1994a; McCredie et ai., 1994b; Shu
et al., 1995a), recall bias might be expected to
have occurred. This would be expected to be
more severe for minor than for major anomalies.
However, in the study of Miller (1963), the
association between leukaemia and congenital
anomalies was not apparent for minor
anomalies. In the studies of CNS tumours and
brain tumours, the relative risks associated with
congenital anomalies ascertained by parental
interview are closest to unity with one exception.
The exception is the study in northern England,
where the relative risk obtained from parental
interview data is very close to that obtained from
analysis of data from medical records (Birch et
а1., 1990b; Mann et al., 1993). Therefore, recall
bias may not have been a severe problem.
However, substantial misclassification could
have occurred. For example, in a study of the

association between parental occupation in
floriculture and congenital anomalies in live
births in Bogota, Colombia, Restrepo et al. (1990)
found that physical examination of the children
revealed that 53% of those reported as
malformed retrospectively by the parents at
interview were normal, and 8% of those reported
as normal were malformed. The studies in
Norway (Windham et al., 1985) and Sweden
(Forsberg & Кд11ёп, 1990; Zack et aI., 1991;
Lindblad et al., 1992; Adami et ai., 1996; Linet et
al., 1996) were based on medical birth registries,
in which ascertainment is likely to be less
complete than in registries based on multiple,
sources (Little, 1992). It is noteworthy that the
prevalence at birth of total anomalies, and total
anomalies excluding chromosomal disorders,
respectively, are lower than the prevalence at
birth of total major anomalies in the registries
based on multiple sources in Atlanta and Iowa
(Mili et al., 1993a,b). It is possible that in a
system based on multiple sources, detection of
congenital anomalies resulting from the
diagnostic work-up for childhood cancer could
lead to preferential reporting of anomalies which
had not required treatment. However, such a
mechanism is unlikely to explain the excesses
observed in the studies in Atlanta and Iowa,
where only major anomalies were considered.

Leukaemia
In some studies, the excess risk of leukaemia
associated with congenital anomalies appears to
be accounted for entirely by Down's syndrome
(Table 10.2). The relative risk of childhood
leukaemia associated with Down's syndrome is
high, around 30-fold (Table 10.3). The
proportion of leukaemia diagnosed by the age of
14 years attributable to Down's syndrome was
estimated to be 2.7% in the study in Norway of
acute leukaemia diagnosed by this age
(Windham et aI., 1985) and 4.9% in the study in
Atlanta (Mili et al., 1993a), while that of
leukaemia diagnosed before the age of five years
in Iowa was estimated to be 1.9% (Mill et al.,
1993b). In record-linkage-based studies in
Sweden, the relative risk of Down's syndrome
associated with acute myeloid leukaemia (AML)
was higher than that for lymphatic leukaemia
(Zack еt а1., 1991; Cnattingius et al., 1995a,b), but
the opposite was found in a record-linkage-based
study in Denmark (Westergaard et al., 1997).
With regard to other specific types of
congenital anomaly which may be associated
with childhood leukaemia, an initial report of a
positive association with orofacial clefts in a
study based on record-linkage in Sweden (Zack et
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al., 1991) was not confirmed in a continuation of
that study (Cnattingius et al., 1995а). Moreover,
no association between childhood cancer deaths
and orofacial clefts as reported at maternal
interview was found iп Great Britain (Blot et al.,
1980b). The distribution of types of childhood
cancer among the cases with oral clefts was
similar to that in the total series. An increased
risk of renal abnormalities detected by
intravenous pyelography performed as part of
the standard diagnostic work-up in patients with
newly diagnosed acute lymphoblastic leukaemia
(ALL), compared with data from an autopsy
series (Robison et ai., 1982), was not confirmed
in a study in which renal sonography was carried
out (Méhеs et al., 1985). An excess of rib
abnormalities ascertained from chart X-rays was
observed in 227 cases of ALL compared with 200
control chidren, 30 of whom were healthy and
the remainder of whom had bronchitis,
pneumonia, trauma, tuberculosis or gastroenteritis (Sсhumacher et al., 1992). Excesses were
also observed for other tumour types (Table
10.2).
In a study of 20 029 children with cancer in
Great Britain during the period 1971-86,
excluding those with cancers which could be
attributed to known genetic diseases, the
frequency of anomalies was significantly lower
in children with leukaemia or lymphoma (2.6%)
than in those with solid tumours (4.8%) (Narod
et al., 1997). This would be compatible with
leukaemias and lymphomas being more likely
than solid tumours to be due to mutation
occurring at later stages of tissue development, in
cells committed to form blood and lymphatic
elements.

bifida and other anomalies of the spine were
more common in cases than in the British
Columbia series. However, the excess of spina
bifida may reflect the higher prevalence at birth
in the United Kingdom than in western Canada
(Little & Elwood, 1992b). Two children with
medulloblastoma were reported to have
Rubinstein—Taybi syndrome. This syndrome was
not reported for any other children with cancer.
In à series of 724 cases of Rubinstein—Taybi
syndrome, 4 of 13 cases diagnosed with
childhood cancer had brain tumours (Miller &
Rubinstein, 1995). Iп other studies, the highest
relative risks of CNS or brain tumours associated
with congenital anomalies of all types are of the
order of 2.5 (Table 10.2). A statistically
significant excess has been found only in one
study (Miii et al., 1993а). However, in this study,
five of the ten cases of CNS tumour associated
with congenital anomaly were associated with
hydrocephalus, and in some of these, the
hydrocephalus may have been secondary to the
tumour. By contrast, in the study of Mann et al.
(1993), in which the relative risk associated with
congenital anomalies of all types recorded in
medical records was 2.7, none of the cases with
CNS tumours was documented as having had
hydrocephalus. In the studies of Miii et al.
(1993 a,b), neurofibromatosis was included
among the congenital anomalies. In the study of
Baptiste et al. (1989) neurofibromatosis was
reported by the mothers of 13 cases verified from
medical reports, whereas none of 676 mothers of
controls reported this disease in their child.
There was no association with other types of
congenital anomaly. In one study, an excess of
rib abnormalities ascertained from chest X-rays
was observed (Schumacher et al., 1992).

Lymphoma
Neuroblas toma
In all but two studies of neuroblastoma, the
relative risk associated with congenital
anomalies of all types is in the range of unity to
under 4, and was not statistically significant
(Table 10.2). Any apparent excess might have
been an artefact, as a neuroblastoma which
undergoes spontaneous regression may be more
likely to be diagnosed in children with
congenital anomalies than in unaffected
children (Mill et al., 1993а).
With regard to specific types of congenital
anomaly which may be associated with
neuroblastoma, there are case reports of
neuroblastoma associated with congenital heart
disease (Bolande, 1977; Rosti et al., 1996).
Publication bias makes this possible association
difficult to interpret, but it is interesting that an

Except in the study of Kobayashi et al. (1968),
no noteworthy associations between lymphoma
and congenital anomalies have been observed
(Table 10.2).

Central nervous system tumours
The largest study of tumours of the CNS and
congenital anomalies was carried out in Great
Britain (Narod et al., 1997). In this study, cases
with known genetic disease were excluded. The
overall frequency of anomalies was lower than
that for most ôther solid tumours. There was an
excess of hydrocephalus both in comparison
with children with other types of cancer and in
comparison with the number expected on the
basis of data from the British Columbia Health
Surveillance Registry. This may be due to
obstruction secondary to the tumour. Spina
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apparent predominance of conotruncal heart
malformations has been reported (Rosti et al.,
1996). While it has been suggested that
abnormal neural crest cell migration aid
development might be a unifying factor which
would account for the coexistence of
conotruncal malformations and пeuгоыаa tomа,
there appear to be no reports of an excess of
other anomalies of structures considered to arise
from cranial neural crest cells, such as orofacial
clefts (Werler et al., 1990). In one study, an excess
of rib abnormalities ascertained from chest Xrays was observed (Schumacher et al., 1992). The
occurrence of neuroblastorna in patients with
the fetal hydantoin syndrome has been
documented in several case reports (Pendergrass
& Hanson, 1976; Sherman & Roizeri, 1976; Allen
et al., 1980; Ehrenbard & Chaganti, 1981). In a
study of 6484 cases of neuroblastoma recorded in
cancer registries in seven European countries,
there were no cases of Down's syndrome (Satgé et
al., 1997). This may be linked with the
hypoplasia of the sympathetic nervous system
observed in those with Down's syndrome.

Retгnoblаstomа
In small studies, retinoblastoma has been
positively associated with congenital anomalies
(Table 10.2), but there has been no specificity
with regard to the type of anomaly. In the large
multicentre study in the USA based on hospital
records, Jensen and Miller (1971) observed a
significant excess of mental retardation among
cases of retinoblastoma compared with the
frequency among cases of other types of
childhood cancer—neuroblastoma, bone cancer,
rhabdomyosarcoma and childhood Hodgkin's
disease—studied by similar methods. No excess
was apparent for other major anomalies. In the
large study in Great Britain, an excess of
ventricular septal defects was observed in
comparison with cases with other types of cancer
and the prevalence at birth in British Columbia
(Narod et al., 1997).
Wilms' tumour
The results of studies of the association
between Wilms' tumour and total congenital
anomalies are inconsistent (Table 10.2). For
example, in the largest study (1905 cases of
Wilms' tumour), there was no association with
congenital anomalies overall (Breslow &
Beckwith, 1982), whereas a positive association
was apparent in another large (1148 cases) study
(Narod et al., 1997). In the study of Breslow and
Beckwith (1982), comparison was made only
with external data. First, comparison was made

with data from the National Collaborative
Perinatal Project, in which the infants were given
several thorough paediatric examinations before
they were discharged from the hospital after
birth, a paediatric examination at four months of
age, and a paediatric-neurologic examination at
one year of age (Myrianthoplulls & Chung,
1974). The prevalence at birth of anomalies
detected up to one year of age in these data was
15.6%, whereas in the series of Wilms' tumour
patients, the frequency of anomalies detected up
to the age of 15 years was 13.8%. Second,
comparison was made with data from Atlanta
from a congenital anomalies registry based on
multiple sources of ascertainment. The
prevalence at birth of congenital anomalies
among the cases with Wilms' tumour was
substantially lower than in births in Atlanta. As
acknowledged by the authors, the periods of
study, source populations and methods of
ascertainment differed between the Wilms'
tumour series and the comparison series. The
authors noted that the Wilms' tumour patients
were examined intensively at diagnosis aid had
surgical exploration of the kidney and other
abdominal organs which would have tended to
elevate the prevalence at birth for some
conditions. In the comparison with both
external series, Wilms' tumour patients had a
high frequency of aniridia, cryptorchidism,
hypospadias, and hemihypertrophy. There was
also an excess of fused kidney, double collecting
system and other anomalies of the urinary
system, but this almost certainly reflects
differences in diagnostic opportunity conferred
by surgical exploration of the kidney and
abdomen in cases of Wilms' tumour. The
aniridia-Wilms' tumour syndrome accounts for
the excess of aniridia, and some of the excess of
cryptorchidism. The mean age at diagnosis of
boys with cryptorchidism or hypospadias was
younger than the mean age for all boys with
Wilms' tumour. The mean age of diagnosis for
patients with hemihypertrophy was very similar
to that of the total series. The frequency of total
congenital anomalies in bilateral cases was more
than twice that among unilateral cases. The
difference was particularly strong for hemihypertrophy and hypospadias and other anomalies of
the male genitalia. There was no difference in the
frequency of congenital anomalies between
unilateral multicentric cases and unicentric
cases.
In the study of Narod et al. (1997), comparison
was made both with cases with other types of
cancer and with an external comparison series,
the British Columbia Health Surveillance
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1997). In one study, an excess of rib
abnormalities ascertained by chest X-ray was
found for Ewing's sarcoma but not for
osteosarcoma (Schumacher et aI., 1992). Other
studies do not show a consistent association
between Ewing's sarcoma and skeletal anomalies
(Nakissa et ьгi., 1985; Winn et al., 1992; Narod et
al., 1997).
In a multicentre case—control study of Ewing's
sarcoma in the USA, an excess of hernias and
heart conditions was observed in cases compared
with one of the two control groups, but not both
(Winn et al., 1992). The majority of hernias were
umbilical or inguinal, occurred early iп life and
were surgically treated. The cardiac problems
were mainly functional heart murmurs not
involving hospitalization or surgery. Neither
hernias nor heart defects were associated with
Ewing's sarcoma in a case—control study in
California (Holly et al., 1992) or in the large
study in Great Britain involving internal
comparison with other types of cancer and
external comparison with data from British
Columbia (Narod et al., 1997).

Registry. The prevalence of anomalies was higher
foi Wilms' tumour (8.1%) than for any other
type of childhood cancer in these data. As
observed in other studies, there was an apparent
excess of anomalies of the urogenital system. An
association with ventricular septal defect,
apparent in an earner analysis of these data
(Stiller et al., 1987), was confirmed.
In a multicentre study in Europe (Italу, France,
Germany and The Netherlands), the findings of
a younger age of diagnosis for patients with
anlridia, cryptorchidism and hypospadias were
confirmed, as well as the lack of a younger age at
diagnosis for patients with hemihypertrophy
(Pastore et al., 1988). However, in a small study
(176 patients) in Brazil, the mean age at
diagnosis of patients with congenital anomalies
was higher than that of the remaining patients
(Franco et a1., 1991).
Bunin et al. (1987) reported a relative risk for a
Wilms' tumour associated congenital anomaly in
the index child of 1.5 (95% CI 0.3-8.3). Although
ten of the 88 cases were known to have one of
these anomalies, mothers of only five of them
reported the anomaly during the interview. Two
other mothers of cases reported anomalies that
could not be validated in medical or tumour
registry records. Thirteen cases were reported to
have a congenital anomaly other than one
known to be associated with Wilms' tumour (RR
= 4.3, 95% CI 1.0-27.6). The anomaly was
validated for ten cases. The authors stated that no
anomaly or group of anomalies predominated.
Recent molecular genetic studies have
identified a candidate gene for anomalies of the
genitourinary tract and Wilms' tumour (Francke,
1990; Gessler et al., 1990; Pritchard-Jones &
Hastie, 1990).
In one study, an excess of rib abnormalities
ascertained from chest X-rays has been observed
(Schumacher et al., 1992).

soft-tissue sarcoma
No clear association between soft-tissue
sarcoma and congenital anomalies of all types
has been found (Table 10.2). Iп one study, an
excess of rib abnormalities ascertained by chest
X-ray was found (5chumacher et al., 1992).
In a study of children and adolescents
autopsied with rhabdomyosarcoma in the ц5А
and in Great Britain (Ruymann et al., 1988), the
frequency of anomalies of the genitourinary
system was similar to that found in the large
study of Wilms' tumour in the USA (Breslow &
Beckwith, 1982), while the frequency of
anomalies of the musculoskeletal system, of
aniridia, and of hemihypertrophy was lower
than in that study. In comparison with both the
study of Wilms' tumour and with data from the
National Collaborative Perinatal Project
(Myrianthopoulos & Chung, 1974), there was an
excess of anomalies of the CNS, of the upper
alimentary tract and digestive system, of the cardiopulmonary system, and of accessory spleens.
The authors stated that about half of the
anomalies of the CNS would probably not have
been discovered except by autopsy, but the
frequency of these anomalies was still
substantially increased as compared with the
other two series.
In a multicentre case—control study in the USA,
in which data on congenital anomalies in the
index child were obtained by parental interview,
the relative risk of rhabdomyosarcoma associated

Bone tumours
In a multicentre study in the USA based on
hospital records, bone cancer appeared to be
related to a variety of antecedent skeletal defects,
but not to non-skeletal anomalies (Glass &
Fraumeni, 1970; Table 10.2). The authors
considered that some of the excess of skeletal
defects in the same bone as the primary cancer
may have represented misdiagnosis, and the
reporting of skeletal defects of distant bores may
have reflected increased awareness among the
oxthopaedic surgeons who cared for most of the
patients. No clear association between
osteosarcoma and congenital anomalies has been
observed (Operskalski et al. 1987; Gelberg et al.,
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with major congenital malformations was 2.4
(95% CI 0.9-6.2; Yang et а1., 1995). Six of the 15
cases with these malformations had developed the
rhabdomyosarcoma of the same or at an adjacent
site; two had both in the extremities, two were in
the genitourinary system, and two were in the
head and neck. A further two cases had clubforit at
birth and later developed rhabdomyosarcoma in
their arms.

Germ-cell tumours
In three out of the four available studies, an
excess of congenital anomalies has been found in
patients with germ-cell tumours compared with
control subjects (Table 10.2). There was insufficient
information in these studies to evaluate the role of
cryptorchidism, a well established risk factor for
testicular cancer in adults. High frequencies of
anomalies have also been reported in case series
(Carney et al., 1972; Fraumeni et al., 1973; Birch et
a1., 1982). In particular, sacrococcygeal teratoma
has been associated with pelvic anomalies such as
meningocoele, spina bifida, sacral defects,
imperforate anus and hypospadias (Fraumerii et al.,
1973), and these anomalies have usually been
ascribed to the effects of tumour growth during
embryonic development (Berry et al., 1970). This
may, at least in part be a result of particularly
careful investigation of the pelvic area. Of the 134
children with germ-cell tumours described by
Birch et al. (1982), one had encephalocoele, five
spina bifida aperta and two spina bifida occulta.
Neural tube defects were also present in six of the
stillborn siblings of these children (Birch, 1980).
However, in another study of germ-cell tumours,
the frequency of neural tube defects in relatives
was similar to that in the relatives of controls
(Iohnston et al., 1986). In some series, an
association between sacrococcygeal teratoma and
duplication anomalies of the hidgut has been
reported (Fraumeni et al., 1973; Lemire &
Beckwith 1982). This has given rise to the
postulate that sacrococcygeal teratoma is a form of
incomplete monozygotic twinning (Schinzel et al.,
1979). It has been suggested that sacrococcygeal
teratoma is at one extreme of a spectrum of
consequences resulting from abnormal segregation
of the blastomere, ranging from sacrococcygeal
teratoma through fetus-in-fetu, conjoined twins to
uncomplicated monozygotic twinning (Gross &
Clatworthy, 1951; Pоttег, 1962).

syndrome reduces the relative risk from 1.7 to 1.3
in the study of Stewart et al. (1958) and from 1.9 to
1.4 in the study of Windham et al. (1985). In
addition, it is noteworthy that no association was
l
1n
apparent in the study of Forsberg and Кн
(1990), in which children with chromosomal
abnormalities were excluded. In a study in
northern England, a marked excess of congenital
anomalies in cases persisted after excluding cases
with chromosomal anomalies and disorders of
known genetic etiology (Mann et al., 1993). Powell
et al. (1995) observed that, in Asian children with
cancer in the West Midlands (England), congenital
malformations, as recorded in hospital notes, were
three times as frequent in Muslims (21 of 101) as in
non-Muslims (7%: 6 of 86). This excess was
associated for by auto somal recessive and
dominant disorders.
Except for Down's syndrome and leukaemia, and
aniridia and hemihypertrophy and Wilms'
tumour, there is little support for specific
associations between specific types of congenital
anomaly aid specific types of childhood cancer.
However, most types of childhood cancer are
weakly associated with congenital anomalies of all
types. If there were associations between
childhood cancer and specific congenital
anomalies, this would provide a more specific clue
as to the nature and timing of the prenatal
influence. In the study in Atlanta (Mili et al.,
1993а), four children with pyloric stenosis
developed cancer (standardized incidence ratio
7.5, 95% CI 2.0-19.3). Narod et al. (1997) observed
that in six studies combined, including the study
of Mill et al. (1993а), the types of cancer described
in children with pyloric steosis included
leukaemia (8 cases), brain tumours (8 cases),
Wilms' tumour (8 cases), neuroblastoma (7 cases),
lymphoma (4 cases), germ-cell tumours (2 cases)
and retinoblastoma (1 case).

Congenital hemihypertrophy has been
associated not only with Wilms' tumour but also
with hepatoblastoma (Fraumerii et al., 1968) and
adrenocortical neoplasia (Fraumeni & Miller,
1967). The majority of tumours develop onthe
hypertrophied side of the body (Bolande, 1977).
Hemihypertrophy is associated with the visceral
cуtomеgаly syndrome and with hamartomas, and
hamartomas have been reported to occur
excessively with Wilms' tuтоиr and
adrenocortical neoplasia (Miller, 1968).

Birth weight

Total childhood cancer
The association between childhood cancer of all
types and congenital anomalies of all types (Table
10.2) is in part accounted for by chromosomal
anomalies. Exclusion of children with Down's

Birth weight has been considered to be a
marker of potential unspecified intrauterine
environmental exposures of the fetus. Gold et al.
(1979) suggested that the association between
317
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higher birth weight and childhood cancer might
be related to a greater number of cells in heavier
infants. A greater number of cells would result
from more cell divisions, which would increase
the vulnerability to carcinogenic exposure. The
associations between low birth weight and
childhood cancer have been less studied than
those with high birth weight. Low birth weight
in itself may represent either prematurity or
intrauterine growth retardation. In developed
countries, which are the only ones in which
associations between birth weight and childhood
cancer have been considered, the most
important single factor in the etiology of low
birth weight is maternal cigarette smoking,
followed by poor gestational nutrition and low
pre-pregnancy weight (Kramer, 1987). For
gestational duration, only pre-pregnancy weight,
prior history of prematurity or spontaneous
abortion, in-utero exposure to diethylstilbestrol
and cigarette smoking have well established
causal effects, and the majority of prematurity
occurring in both developing and developed
countries remains unexplained (Kramer, 1987).

Leukaemia
The results of studies of the association
between childhood leukaemia and high birth
weight are inconsistent (Table 10.4). There is no
clear pattern in the inconsistency with respect to
study period or geographical area. In subgroup
analyses by age, the strongest associations have
been observed in young children (Hirayama,
1979; Dahng et al., 1984; Robison et al., 1987;
Shu et al., 1988; Kaye et al., 1991; Cnattingius et
аl., 1995a; Ross et al., 1997). However, the
boundaries of thё age groups differed between
these studies. In an analysis stratified by
immunophenotype, cases with ALL in all
subgroups tended to be heavier at birth than
their controls (Buckley et al., 1994). Iп a recent
study in Denmark, there was no association
between ALL and birth weight in children aged
under two years at diagnosis, but the relative risk
of AIL associated with increasing birth weight
for children аgеd 0-1 years at diagnosis was
higher than for older children (Westergaard et al.,
1997). In a combined analysis of leukaemia
diagnosed before the age of one year in which
data were obtained by maternal interview from
three rnulticentre case—control studies in the
UsA, Canada and Australia, there was a
significant trend of increase in risk with
increasing birth weight; this was apparent for
ALL (Ross et al., 1997). For AML, the risk was
fairly constant over all the weight categories
examined.

Doll (1989) suggested that a possible
explanation for boys being at a higher risk of
childhood leukaemia than girls was that their
slightly higher birth weight resulted in their
having a relatively large number of cells at risk in
the tissues from which the leukaemias arose. 1f
this were true, any association with high birth
weight would be expected to be stronger in
populations in which the sex ratio in leukaemia
cases was high. In the studies in which
information on both characteristics was
presented, sex ratios ranging from 1.1 to 1.5 were
observed in populations in which no association
with high birth weight was apparent (Shaw et al.,
1984; Eisenberg & Sorahan, 1987; Zack et al.,
1991), while the sex ratios in the two studies in
which there was an association with high birth
weight were 1.2 in Shanghai (Shu et al., 1988)
and 1.3 in California (Fasa1 et al., 1971). Thus,
the available evidence does not support this
explanation. Ross et al. (1996а) postulated that
high levels of insulin-like growth factor-1 (IGF-1)
might produce both a larger baby and contribute
to leukaemogenesis. In many studies, a positive
correlation between IGF-1 levels in umbilical
cord blood and birth weight has been observed.
IGF-1 appears to be important in blood
formation.

Tumours of the central nervous system
There is no clear association between birth
weight and tumours of the CNS or brain of all
types combined (Table 10.4). However, the
relative risks of astrocytome associated with birth
weight greater than 4000 g are consistently
greater than unity.
Wilms' tumour
In the largest studies, a positive association
between high birth weight and Wilms' tumours
has been observed (Table 10.4). In a large
national study in the USA, in which birth
weights were available for 46% of patients, birth
weights were particularly elevated for patients in
whom Wilrns' tumour occurred in conjunction
with Beckwith—Wiedemann syndrome (n = 20),
hemihypertrophy (n = 45), or perilobar
nephrogenic rests (n = 304; Leisenring et al.,
1994). The birthweights of patients with
intralobar nephrogenic rests only (n = 266), and
of those without associated anomalies or
precursor lesions (n = 792), were slightly but
significantly higher than those of the general
population, adjusted for gender, ethnic group
and year of birth. This suggests that the growth
factor excess postulated to contribute to the
etiology of Wilms' tumour (Miller et al., 1964;
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Apgar score

Olshan, 1986) may not be limited to those with
specific overgrowth syndromes. The
birthweights of patients with aniridia (n = 10)
were significantly Iower than those of the
general population.

A Swedish record-linkage based study has
shown an elevated risk of brain tumours (RR =
1.6, 95% CI 1.1-2.5) among children with oneminute Apgar scores of six or less (Linet et aI.,
1996). In a Norwegian record-linkage-based
study, the relative risk of Wilms' tumour
associated with a one-minute Apgar score of
eight or less was 2.2 (95% CI 1.2-3.9; Heuch et
a1., 1996). No clear association between Apgar
score and total childhood cancer has been found
in the three studies in which this has been
assessed (Salonen & Saxén, 1975; Hartley et al.,
1988а; Forsberg & Каllёn, 1990). In an analysis of
a subset of the data of Hartley et al. (1988а), no
association was found between Apgar score and
leukaemia and lymphoma (McKinsey et ai.,
1987). 1n the one available study carried out
using methods similar to those of Linet et al.
(1996), no association was found between Apgar
score and non-Hodgkin lymphoma in children
(Adami et al., 1996).

Other types o f childhood cancer
No consistent pattern of association between
birth weight and neuroblastoma or
retinoblastoma is apparent (Table 10.4).
Associations between birth weight and other
types of childhood cancer have been little
studied. Iп the three available studies, an inverse
association between birth weight and bone
tumours was observed. However, no association
was apparent in the few available studies relating
specifically to Ewing's sarcoma or to
osteosarcoma. significant positive associations
between birth weight and germ-cell tumours
have been reported (Table 10.4). As increased
birth weight has been associated with an
elevated endogenous estrogen level, this finding
may be compatible with an etiological role for
estrogen exposure (Shu et al., 1995а). However,
in studies of testicular cancer in adults, an
inverse association has been found with high
birth weight (Depue et al., 1983; Brown et al.,

Jaundice
In a study based on linkage of the medical birth
register with the cancer register in Sweden for
cases born and diagnosed in the period 1973-84,
a positive association was found between
"physiologic icterus" and total childhood cancer
(RR = 1.4, 95% CI 1.1-1.9; Forsberg & Kâ11éп,
1990). Relative risks of 1.5 or more were observed
for leukaemia, other haematopoietic neoplasms,
kidney tumours, and tumours of the connective
tissue or muscle. Further analyses have been
published in relation to leukaemia (Zack et al.,
1991), lymphatic leukaemia (Cnattingius et al.,
1995а), non-Hodgkin lymphoma (Adami et aI.,
1996), brain tumours (Linet et al., 1996) and
Wilms' tumour (Lindblad et ai., 1992), based at
least in part on the same cases, but with five
controls per case instead of two.
Zack et al. (1991) found a positive association
between physiological jaundice and myeloid
leukaemia (RR = 6.7, 95% C1 1.9-23.7) but not
lymphatic leukaemia (RR = 1.4, 95% CI 0.9-2.4).
The lack of association with lymphatic
leukaemia was confirmed in an extension of this
study (Cnattingius et al., 1995а) and in studies of
ALL (Magnani et al., 1990; Buckley et al., 1994;
Roman et al., 1997). The positive association
with AML reported by Zack et al. (1991)
remained apparent in an extension of the study
(RR = 2.5; 95% C1 1.2-5.0; Cnattingius et al.,
1995b). However, when cases with Down's
syndrome were excluded, the relative risk was
reduced and no longer statistically significant
(RR = 1.7, 95% CI 0.8-4.0).

1986).

In summary, the five available studies of
astrocytama, two of which overlap, suggest a
positive association with high birth weight. In
the largest studies, a positive association between
Wilms' tumour and high birth weight was
observed. There appears to be a consistent
positive association between germ-cell tumours
and high birth weight. Some, but not all studies,
suggest a positive association between leukaemia
and high birth weight, and this may be restricted
to young children. The relationship between
birth weight and other types of childhood cancer
either is inconsistent or has been little studied.

Other perinatal characteristics and
related interventions
Length at birth
No consistent association has been observed
between length of the child at birth and total
childhood cancer (Salonen & Sахén, 1975),
leukaemia апд lymphoina (McKinney et al.,
1987; Zack et al., 1991; Adami et al., 1996),
Wilms' tumour (Lindblad et al., 1992; Heuch et
al., 1996), Ewing's sarcoma (Holly et al., 1992),
osteosarcoma (Operskalski et al., 1987; Gelberg et
al., 1997) or rhabdomyosarcoma (Grufferrran et
al., 1982).
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In a hospital-based study in Turin, Italy, during
the period 1981пΡ84, two of 19 children with
non-Hodgkin lymphoma were reported to have
had neonatal jaundice, compared with five of
307 controls (RR = 7.1, 95% CI 4.0-12.6;
Magnani et al., 1990). By contrast, in a study in
Sweden, no association between phototherapy
and non-Hodgkin lymphoma was found (Adami
et al., 1996).

In the initial report of Forsberg and Kai n
(1990), the relative risk of brain tumours
associated with "physiologic icterus" was 1.2
(95% CI 0.6-21). No association was found in an
extension of this study and there was no
association between brain tumours and
treatment with phototherapy (Linet et aL, 1996).
In the one available study on Wilms' tumour
and physiological jaundice, the relative risk was
2.3 (95% CI 1.1-5.0; Lindblad etal., 1992).
in small studies, there was no association
between neonatal jaundice and rhabdomyosarcoma (Grufferman et al., 1982), hepatoblastoma
(Buckley et al., 1989a) or germ-cell tumours (5hu
et al., 1995а).

in an extension of the study of Zack et al. (1991),
no association between lymphatic leukaemia
and phototherapy, physiological jaundice or
exchange transfusion was found (Cnattingius et
а1., 1995 a). In addition, there was no association
between total leukaemia or ALL specifically and
phototherapy, as recorded on obstetric notes in
a study in Oxford, Cambridge and Reading
(England) (Roman et al., 1997). There was no
association between phototherapy or exchange
transfusion and total childhood cancer in a
study carried out in the north of England in the
early 1980s, in which the children would have
been born from 1965 onwards (Hartley et а2.,
19 88a).

If the hypothesis that exposure to photosensitizing lighting has a causal role in childhood
ALL were true, it might be expected that
children born in hospital would be at higher risk
of the disease than those born at home. There
was no association between total childhood
cancer and home or hospital confinement in the
study of Hartley et al. (1988а), or in analyses
relating to leukaemia and lymphoma based on
the same data-set (McKinney et al., 1987). In
response to the hypothesis of Sen-Sasson and
Davis (1992), Van 5teensel-Moll et a1. (1992)
reanalysed data from a case—control study of
childhood leukaemia carried out in The
Netherlands iп 1981-82 (Van Steeпsel-Moll et
яI., 1985а,b). As phototherapy was not widely
used in neonatal care until the late 1960x, only
children born in 1970 or later were included in
the analysis. There was a weak association
between ALL and birth in hospital as compared
to home (RR = 1.3, 95% CI 1.0-1.7, adjusted for
social class, birth order and maternal age).
When the comparison was made between
children born in hospital without medical
indication and children born at home, to
control for possible confounding due to medical
reasons for delivery in hospital which may have
been related to the risk of ALL, the relative risk
was unchanged. Seven cases of ALL and one
control were reported to have been hospitalized
for neonatal hуpетMlirubinaemiа (RR = 3.6, 95%
CI 0.9-57.4). These children were treated with
phototherapy. There was no association between
neonatal hyperbilirubinaemia and ALL for
children born before 1970, suggesting that the
neonatal jaundice itself was not associated with
ALL. There was no association between ANLL
and hospital or home confinement. The authors
noted that the investigation on which their
analysis was based was not designed to study
the association between fluorescent light
and childhood leukaemia, and no detailed

Photosensitizing lighting and
leukaemia
Ben-5assоп and Davis (1992) postulated that
exposure to photosensitizing lighting
immediately after birth may cause ALL in
childhood. The authors rioted that there have
been persistent unexplained increases in the
incidence of this disease in the USA in the past
20 years, while the intensity of lighting in newborn nurseries in that country has increased
five- to ten-fold during this period. 5troпg
illumination from fluorescent lamps and other
light sources, around a wavelength of
400 nanometres, can activate protoporphyrin.
This may lead to production of superoxides and
free radicals that can induce breaks in DNA.
They noted that the results of the study of Zack
et aL (1991), in which increases in the risk of
leukaemia were independently associated with
neonatal physiological jaundice and exposure to
supplemental oxygen, being stronger for
children born later in the study period than for
those born around the mid-point of the study,
may be compatible with this hypothesis. Iп
particular, the association with supplemental
oxygen may be relevant as the mechanism
proposed involves the transformation of oxygen
into harmful metabolites. However, it is difficult
to reconcile the particularly high relative risk
(8.4, 95% CI 2.1-34.1) with this exposure for
children born in the earliest part of the study
(1973 and 1974) with this hypothesis. Moreover,
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association was mainly due to the group "other
or unspecified tumours". A weak non-significant
association with leukaemia was apparent (RR =
1.5), and in an extension of the study, a positive
association between leukaemia and
supplemental oxygen use was found (RR = 2.6,
95% CI 1.3-4.9; Zack et al., 1991). Only 1.5% of
controls and 4% of cases received this therapy.
No specific diagnosis or procedure was associated
with its use. The occurrence of Down's
syndrome, in which a high prevalence at birth of
congenital heart defects may increase exposure
to supplemental oxygen, did not account for the
increased use of the therapy in cases. In a further
extension of the study, the relative risk of
lymphatic leukaemia associated with
supplemental oxygen use was 1.9 (95% CI
1.2-3.2), adjusted for postpartum asphyxia
(Cnattingius et al., 1995а). The relative risk of
AML associated with supplemental oxygen use,
excluding cases with Down's syndrome, was 1.7
(95% CI 0.4-6.5; Cnattingius et al., 1995b).
In other studies of the effect of supplemental
oxygen in Sweden using similar methods, no
association with non-Hodgkin lymphoma was
found (Adami et aL, 1996), and only a weak
association with brain tumours (RR = 1.5, 95% CI
0.9-2.5; Linet et al., 1996). In subgroup analysis,
a higher relative risk was observed for
astrocytoma, but this did not differ significantly
from that for all subtypes combined. In a study
of germ-cell tumours in which data were
obtained by means of a postal questionnaire to
parents, no association with the child having
supplemental oxygen within six months of birth
was found (Shu et al., 1995 a).

information concerning intensity and duration
of potential exposure was available, and other
explanations could be provided for the
association with hospital delivery.
Olsen et al. (1996) carried out a cohort study of
55 120 newborn children treated with
phototherapy for hyperbilirubinaemia identified
from the Danish national hospital discharge
register for 1979-89. Neonates recorded as
immature (n = 10 384) or as having haemolytic
disease of the newborn (n = 926) were excluded.
Twenty-eight cases of ALL were ascertained by
means of linkage with the national cancer
register, compared with 24.6 expected
(standardized incidence ratio 1.1, 95% CI
0.8-1.7). The standardized incidence ratio for
other types of leukaemia was 1.6 (95% CI
0.6-3.3: 6 cases observed, 3.8 expected). No
association was apparent for other types of
childhood cancer. On the basis of a random
sample of neonates notified in the hospital
discharge register as having hyperbilirubinaemia
diagnosed in the period 1980-81 in one of three
different hospital departments, it was estimated
that 85 to 90% of children in Denmark were
treated with prolonged (average 71 hours, range
24-188 hours) irradiation with light at
wavelengths of 420-470 nm. As no effect was
apparent at these intense levels of therapeutic
exposure, it seems unlikely that the much lower
levels found in nurseries would be hazardous.
Miller (1992) observed that the apparent
increase in incidence of childhood ALL in the
USA, one of the observations on which the
hypothesis of Ben-Sasson and Davis is based, is
likely to be an artefact of change in diagnostic
accuracy, with leukaemias formerly classified as
of uncertain cell type becoming classified as ALL
as a result of use of cell surface markers and the
identification of the common ALL antigen. In
other populations, no unequivocal evidence of a
trend in the incidence of childhood ALL has
been found (see Chapter 2).
Iп a study of myeloid leukaemia in Sweden
during the period 1973-89, there was a positive
association with phototherapy (RR = 7.5, 95% CI
1.8-31.9; Cnattingius et al., 1995b). This
association was attenuated when cases with
Down's syndrome were excluded (RR = 4.3, 95%

Vitamin K
Studies of the association between childhood
cancer and vitamin K administered in the
perinatal period are summarized in Table 10.5.
In a cohort study based on 16193 infants
delivered in Great Britain in one week of April
1970, in whom 33 cases of cancer occurred, an
unexpected statistically significant association
was found between childhood cancer and drug
administration in the first week of life (Golding
et al., 1990). Sixteen of the 18 cases who had
received drugs in the first weeks of life had
received vitamin K. Within the cohort, a
comparison was made between the 33 cases and
99 controls matched with the cases for the age of
the mother at the birth of the child, parity, social
class, marital status at delivery, and whether the
birth was single or multiple. Statistically
significant associations were identified not only
with drug administration during the first week of

CI 0.9-21.9).

Supplemeпtаl oxygen use
In a record-linkage-based study in Sweden, an
association of borderline statistical significance
was found between total childhood cancer and
neonatal hypoxia (odds ratio 1.3, 95% CI
0.99-1.78; Forsberg & Кдllёn, 1990). The
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life, but also with antenatal X-rays, antenatal
smoking, non-term delivery and use of pethidine
or pethilorfan in labour. Only two of the 33 cases
had fewer than two of these risk factors, whereas
47% of the controls had either no or only one
risk factor. Ai but four of the mothers of the 16
cases who had received vitamin K had received
pethidine or pethilorfan in labour. In logistic
regression analysis carried out on the whole
cohort, in which social class was included with
the other variables already mentioned, the
relative risk associated with drug administration
in the first week of life was 2.6 (95% CI 1.3-5.2).
This relationship was found in the absence of an
association with neonatal abnormalities in the
child.
This unexpected association with neonatal
administration of vitamin K was examined in a
subsequent study of 195 children with cancer
diagnosed in the period 1971-91 and who had
been born и two major maternity hospitals in
Bristol in the period 1965-87, compared with
558 controls identified from the delivery books
(Golding et а1., 1992a). The cases were
ascertained from the oncology register of the
regional paediatric oncology unit and from the
national registry of children's tumours. The basic
method of control selection was to select every
300th birth in each year in each hospital. In view
of the observation that the immediate effects of
oral and intramuscular doses of vitamin K have
been shown to be different, even though the
dose was identical, the investigators sought to
distinguish the effects of administration intramuscularly and by the oral route. However, the
route of vitamin K administration was often not
recorded in the neonatal notes. When this was
riot clearly described, a probable route was
identified on the basis of year of birth, the type
of delivery and whether or not the infant was
admitted to special care; the probable route was
identified blind to case—control status.
Based on 180 cases (92.3% 0f those whose
notes were available) and 544 controls (97.5% of
those whose notes were available), the relative
risk of childhood cancer associated with
intramuscular vitamin K was 2.0 (95% CI
1.3-3.0) when compared with oral vitamin K or
no vitamin K. The relative risk of leukaemia
associated with intramuscular vitamin K was 2.7
(95% CI 1.3-5.2), and that of other types of
childhood cancer was 1.7 (95% CI 1.0-2.8). Thus,
there was no clear difference in the association
by type of childhood cancer. When the analysis
was confined to records where the route was
clearly stated, the odds ratio for total childhood
cancer was 2.0 (95% CI 1.2-3.3). The odds ratio

for oral vitamin K compared to no vitamin K was
1.2 (95% CI 0.5-2.7). These results could not be
accounted for by other factors associated with
the administration of intramuscular vitamin K,
such as type of delivery or admission to a special
care baby unit. These risks were adjusted for
hospital and year of delivery.
Data were collected on 319 variables in all
controls and 111 cases of cancer ascertained from
the oncology register of the regional paediatric
oncology unit. These data were not obtained for
the remaining 84 cancer cases. Of these variables,
presence of rubella antibody, resuscitation using
intermittent positive pressure, and paediatric
estimation of gestation, were statistically
significant at the 1% level, which is what would
be expected by chance. Adjustment for these or
other variables reported to be associated with
childhood cancer or known to be indicators for
administering intramuscular vitamin K had little
effect on the odds ratio of childhood cancer
associated with vitamin K.
As acknowledged by the authors, there was a
large number of instances in which the
information on potentially confounding
variables was not available, for example 20% for
smoking in pregnancy. Medical records may not
necessarily be reliable sources of information
about pregnancy and childbirth (Hewson &
Bennett, 1987; Oakley et al., 1990), and this,
together with the fact that potential
confounding was assessed only for a subset 0f
cases, constitutes a major limitation of the study.
In the study of Golding et al. (1992а), the
relationship between the type of delivery and
intramuscular administration of vitamin K
differed markedly between the two hospitals
(Casstensen, 1992; Draper & 5n1ler, 1992). The
association with childhood cancer is largely
accounted for by data from one of the hospitals
only in which virtually all of the control infants
who received intramuscular vitamin K had been
born following an assisted delivery. This raises
the issue as to whether bias arose in control
selection in that hospital; it would be relevant to
know the distribution by hospital of study
subjects, either whose notes were not available or
from whose notes receipt of vitamin K could not
be established.
Nineteen of the cases were diagnosed in the
first year of life. The possibility was considered
that these cancers might have been present
before the child was born and therefore could
not have been initiated by an injection of
vitamin K. The association persisted after
excluding these nineteen cases from analysis.
When the analysis was restricted to subjects who
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would have been followed for at least ten years,
by considering only those born in the period
1971-80, the relative risk of total childhood
cancer associated with intramuscular vitamin K
was 1.9 (95% CI 1.1-3.4), similar to that assessed
for all subjects.
Golding et al. (1992а) noted that in England
and Wales, an increase in the incidence of
leukaemia was observed in children born
between 1962 and 1974 (Stiller & Draper, 1982).
The authors considered that this increase was
compatible with an increase in the use of
intramuscular vitamin K of the order of 2% per
year, on the basis of national birth surveys in
Great Britain in 1958 and 1970.
Draper and Stiller (1992) considered time
trends in the incidence of childhood leukaemia
in relation to (1) data on the use of intramuscular
vitamin K use from the British national birth
surveys in 1958 and 1970, and from a national
survey of special care baby units in 1982; and (2)
sales figures for the period 1958-83 of ampoules
of a type (Konakion 1 mg) which has been
almost the sole source of intramuscular vitamin
K iп the UK since 1958. As noted by Golding et
а1. (1992а), the increase in the incidence of
leukaemia between 1962 and 1974 is compatible
with a relative risk of around 2.0 associated with
intramuscular vitamin K aid the increase in the
rate of its administration between 1958 and
1972. However, the data on vitamin K use
suggest that, if causal, the trend of increase in the
incidence of leukaemia should have continued
up to 1982, whereas no increase since the early
1970s has been observed (Draper & Stiller, 1992).
This analysis is limited by the usual problems of
ecological studies and, in particular, there is
some debate as ta the extent to which the
increase in vitamin K use is by oral or
intramuscular administration (Draper & Stiller,
1992; Golding et al., 1992b).
•Ekelund et al. (1993) investigated the
association between childhood cancer and
intramuscular administration of vitamin K in a
study in Sweden based on linkage of the medical
birth registry and the national cancer registry.
The study was restricted to full-term infants
(gestation 37-42 weeks) who survived and who
were born in 1973-89 after a delivery without
use of forceps or vacuum extraction. This
restriction was imposed because intramuscular
administration of vitamin K is often preferred for
pre-term and complicated deliveries. The infants
were followed up to 1 January 1992. Cancers
diagnosed within 30 days of birth were regarded
as congenital and were excluded from analysis.
Routines for administration 0f vitamin K were

obtained from all 95 maternity hospitals. In
order to determine the validity of this
information, 102 infants with cancer and 100
control infants were randomly selected from
among those who, according to the routine
exposure information, received intramuscular
vitamin K, and 94 infants with cancer and 100
control infants from those who should have
received oral vitamin K. Copies of the original
medical charts were reviewed for these 396
infants. The individual information could not be
found for a substantial proportion of the infants
(55% of those who would have been expected to
receive the vitamin intramuscularly and 25% of
those who would have been expected to have
received it orally). The difference in the
proportion is because the infants' individual
medical charts usually indicated the dose of
vitamin K given but not how it was
administered, but the route of administration
was often obvious from the information about
the dose. When the method of administration of
vitamin K was recorded, it agreed with the stated
routine method of administration in 92% of
cases. The authors considered that the
proportion of misclassification (8%) was
probably overestimated, because incomplete
information was probably given more often
when the method of administration was the
same as the routine method. If this were true, the
proportion of misclassification could have been
low as 4% for routine intramuscular
administration and 7% for routine oral
administration.
The relative risk of total childhood cancer
associated with intramuscular administration of
vitamin K as compared with oral administration
was 1.0 (95% CI 0.9-1.2, after stratification for
year of birth) (Ekelund et aI., 1993). The relative
risk for leukaemia was 0.9 (95% CI 0.7-1.2).
When the analysis was subdivided to include
births delivered during the period 1973-81, and
thereby including cancers diagnosed at ages up
to 18 years, the relative risk for total childhood
cancer was 0.96 and for leukaemia 0.83. For
births delivered during the period 1982-89, that
is including only cancers diagnosed at ages up to
ten years, the relative risks were 1.1 and 1.2
respectively. There was no difference in the
cumulative prevalence of cancer among those
infants barn in hospitals where routine neonatal
administration of vitamin K was intramuscular
and among those where routine administration
was oral. During the period 1973-89, vitamin K
was given intramuscularly to a total of 78.4% of
approximately 1.4 million births; the vitamin
was given orally to 19.7% of the infants. Both
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municipality where the patient lived at the time
of diagnosis (local control), and a second one
from a municipality selected at random in Lower
Saxony by means of a population-weighted
sampling scheme (state control). These controls
were matched with cases by sex and date of
birth. Case and control families were contacted
initially by being sent a questionnaire. If a
control family refused to collaborate in the
study, or did not return the questionnaire within
three months, another control family was
invited. A number of control families returned
the questionnaire after more than three months,
by which time another family had been invited.
Thus, in total, 305 local and 308 state controls
were invited to participate.
Information regarding vitamin K prophylaxis
was obtained for 174 (57%) of the local controls
and 160 (52%) of the state controls. As the study
was performed as part of a population-based
case—control study to explore possible causes of
childhood leukaemia in Lower Saxony, a third
control group for the leukaemia study was
identified. This comprised cases with brain
tumours, nеphmЫаstomа neuroblastoma and
rhabdomyosarcoma. No population-based
controls were selected for these cases, but they
were used as additional cases in the vitamin K
study. Of a total of 246 potentially eligible cases
of this type, information on vitamin prophylaxis
was obtained for 136 (55%). Data on vitamin K
prophylaxis were abstracted from the birth
report blind to the case—control status of each
child. Information on the dose and route of
vitamin K prophylaxis was obtained from the
birth record or the delivery book for 196 (72%) of
the 272 cases of leukaemia and other tumours,
and 211 (63%) of the 334 controls. When this
information was not available, the index child
was assumed to have the same vitamin K
exposure as the child nearest to the index baby
in the delivery book with the same route of
delivery and same périnatal morbidity (9 cases
and б controls). When this could not be
established, staff who worked in the delivery unit
at the time when the index child was barn were
asked what kind of vitamin K prophylaxis the
index baby would have received, giving the birth
weight and route of delivery (63 cases and 109
controls). Finally, similar information was
sought from medical staff who did not work in
the delivery unit at the time the index child was
born (4 cases and 4 controls).
In the comparison with local controls, the
relative risk of leukaemia associated with
intramuscular or subcutaneous administration of
vitamin K compared with oral or no vitamin K

methods of treatment were used in parallel for
0.4% of the infants, and the vitamin was given
before delivery to the mothers of 1.3% of the
infants. The authors note that the doses of
vitamin K given in Sweden were similar to those
given in the United Kingdom, and the same
preparation was used (Phytomenadiorie (vitamin
K1), Konakion).
There was no association between childhood
cancer and prenatal exposure to vitamin K in a
cohort study in the цSА (Klebanoff et al., 1993).
The study was based on follow-up to the age of
seven or eight years of 54 795 liveborn children
of pregnant women enrolled between 1959 and
1966 in 12 centres. Stillborn infants with cancer
and neonates whose cancer was diagnosed or
strongly suspected during the first day of life
were excluded because vitamin K could not have
been a factor in these cases. Vitamin K was
administered in the delivery room or the nursery,
and information about administration was
recorded along with other events during and
after delivery by labour and delivery observers
who were not involved in the clinical care of the
mother or the child. Among 54 795 liveborn
children, 48 developed cancer after the first day
of life. The prevalence of administration of
vitamin K increased from 56% to 86% from 1959
to 1966. Exposure status was unknown for four
case children. The relative risk of total childhood
cancer associated with vitamin K exposure was
0.8 (95% CI 0.4--1.7). That of leukaemia was 0.5
(95% CI 0.1-1.6, based on 15 cases). The relative
risk of total childhood cancer associated with the
use of Aquamephyton and Konakion, the only
brands currently approved for use in the USA,
was 0.6; that for children who received brands of
vitamin K containing phenol was 0.7. Iп this
study, only one child received vitamin K orally. A
particular strength of this study is that the
records on neonatal events were part of a
research study and so were more complete than
routinely collected medical data. None of the
brands used in the centres in this study
contained the vehicle used in the United
Kingdom.
Von Kries et al. (1996) carried out a
case—control study of children born in 162
obstetric hospitals in Lower Saxony (Germany)
during the period 1975-93, when only one
vitamin K preparation, the same as the one used
in the United Kingdom, was licensed for
neonatal vitamin K prophylaxis. Of a total of 218
children with leukaemia identified as eligible,
information regarding vitamin K prophylaxis
was obtained for 136 (62%). For each leukaemia
case, one control was selected from the
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prophylaxis was 1.24 (95% CI 0.68-2.25). In the
comparison with state controls, the relative risk
was 0.82 (95% CI 0.50-1.36). When the control
groups were pooled, the relative risk was close to
unity. The relative risk for brain tumours,
nephroblastoma, neuroblastoma and rhabdomyosarcoma combined was 1.19 (95% CI
0.77-1.83). When the analysis was repeated for
subjects for whom vitamin K prophylaxis had
been documented in birth records or delivery
books, the results were almost unchanged,
except the comparison of leukaemia cases versus
local controls, for whom the relative risk
increased to 2.03 (95% CI 0.69-5.97). When the
analyses were repeated for parernteral prophylaxis
versus no prophylaxis, most of the relative risks
were slightly decreased.
Analysis of the subgroup of cases of leukaemia
in children aged one to six years was made, as
this was considered to be a relatively
homogenous sub-group, most of the cases
having common ALL. It is not clear whether the
decision to make this subgroup analysis was
specified in the original study protocol, or was
post hoc. The relative risk versus both control
groups combined was 1.22 (95% CI 0.69-2.15),
in the comparison with state controls 0.99 (95%
CI 0.52-1.90) and in comparison with local
controls 2.28 (95% CI 0.94-5.54). There was no
difference regarding the source of information
on the vitamin K prophylaxis between cases and
controls. The increased relative risk in the
comparison with local controls could not be
explained by any of the potential confounders, It
would be expected that the policy of
administration of vitamin K would be more
likely to be similar for cases and local controls
than for cases and state controls. Therefore, the
relative risk would be expected to be closer to
unity in the comparison betweencases and local
controls than in the other comparison, whereas
the opposite was observed. The elevated relative
risk in the comparison with local controls may
be a chance result in subgroup analysis with
multiple testing, as acknowledged by the
authors.
In a case—control study of childhood leukaemia
based on births in three hospitals in different
parts of England (Cambridge, Oxford and
Reading), no association with intramuscular
vitamin K, either as determined from hospital
records or as imputed from hospital policy, was
found (Ansell et al., 1996). In addition, no
association was found specifically for ALL.
Subsequently, Roman et al. (1997) reported a
more detailed analysis of data relating to
leukaemia aid non-Hodgkin lymphoma

diagnosed before the age of 30 years in subjects
whose obstetric records were stored in the same
three hospitals. 92% of the cases of leukaemia
were diagnosed at age 14 years or less; these
cases, and their controls, were included in the
report of Ansell et aI. (1996). There was no
association between leukaemia and
intramuscular vitamin K administration either
recorded in the notes (RR = 1.2, 95% CI 0.72.1)
or imputed from information about hospital
policy (RR = 1.2, 95% CI 0.5-2.4). In view of the
finding of von Kries et aI. (1996), ALL diagnosed
between the ages of one and six years was
considered; the relative risk associated with'
recorded administration was 0.6 (95% CI
0.7-2.2), and that with imputed administration
was again 0.6 (95% CI 0.2-1.7).
Olsen et al. (1994) compared the cumulative
risk of childhood cancer among children born
during the period 1945-54 (n = 835 430), in
which no vitamin K was administered, those
born during the period 1960-69 (п = 797 472), in
which pregnant women received oral vitamin K,
and those born during the period 1975-84 (п =
586 378), in which virtually all newborns
received vitamin K intramuscularly. There was a
small increase in risk for all tumour types
combined, due mainly to lymphoma in boys and
neuroblastoma in both sexes. There was no trend
for childhood lеuКаеmiа. The preparation used
was the same as that employed in the United
Kingdom (Draper & McNinch, 1994).
In the USA, where the American Academy of
Pediatrics advocated universal neonatal vitamin
K prophylaxis in 1961 (Vitamin K Ad Hoc Task
Force, 1993), no increase in the incidence of
leukaemia occurred in 1969-84 compared with
1947-50 (Miller, 1992). However, vitamin K
prophlylaxis was mandatory in only five states
until 1987 (Tuichinsky et al., 1993) and together
with data from the study of Klebanoff et al.
(1993), this raises questions about the
universality of prophylaxis with vitamin K in the
USA, which Miller (1992) assumed when
commenting on this trend (Passmore of al.,
1993). In countries such as the USA (Vitamin K
Ad Hoc Task Force, 1993) and Australia (NHMRC,
1994), where intramuscular vitamin K has been
recommended as routine after delivery, the
incidence of leukaemia is no higher than in the
United Kingdom (see Chapter 2).
In New Zealand, there was a statistically
significant increase in the incidence of
leukaemia in children aged 0-4 years between
1953-57 aid 1988-90; this was due to ALL from
1973-77 onwards (Dockerty et al. 1996).
Intramuscular vitamin K was available for use in

331

Ерјдет fЫоgy of Childhood Cancer

increase in the risk of ALL occurring at ages
around those if the peak incidence in childhood
cannot yet be excluded, in view of the increased
risk at ages 1-6 years found in comparison with
one of two control groups in Germany (von Kries
et al., 1996) and the time trend data from New
Zealand (Dockerty et al., 1996), although such an
increase was not apparent in a study in
Cambridge, Oxford and Reading (Roman et al.,
1997). Further case—control and ecological
studies in progress (Draper & McNinch, 1994)
should help resolve this issue.

neonates in New Zealand from the late 1960s,
although it was reported to have been given
routinely in at least one hospital as early as 1962.
Therefore time trends in New Zealand might be
consistent with the vitamin K hypothesis.
Golding et aL (1992а) discussed the biological
plausibility of the possible relationship between
childhood cancer and vitamin K. Concentrations
of the level observed in the plasma of infants
12-24 hours after injection have been shown to
increase sister chromatid exchanges in human
placental lymphocytes in vitro and sheep fetal
lymphocytes in vitro (Israels et aI., 1987).
However, in a small series of human neonates,
no increase in sister chromatid exchanges in
peripheral blood lymphocytes was observed
(Cornelissen et al., 1991). 1n addition to vitamin
K, Konakion used in the countries in which the
studies in Europe were carried out contains
phenol, cremophor EL and propylene glycol
(Rennie & Kelsa11, 1994). Therefore, if a positive
association had been confirmed, the
components of the preparation other than
vitamin K might have been responsible for the
effect. While phenol has been suspected to be
carcinogenic (Chayen, 1992), the available
evidence is inadequate to evaluate its potential
carcinogenicity (IARC, 1989b). The majority of
adverse effects of phenol have been observed at
high exposures, whereas those received after an
injection of Konakion are very low. In the study
of Klebanoff et al. (1993), the relative risk 0f
cancer among children who received brands of
vitamin K containing phenol was lower than
that for all brands.
As indicated by Golding et al. (1992а), the
possible association with intramuscular vitamin
K has stimulated a reappraisal of the risks and
benefits of neonatal prophylaxis with this
vitamin (Hull, 1992). The most important
benefit, prevention 0f late onset haemorrhagic
disease, is not as substantial when the vitamin is
administered orally (vow Kries, 1992). The
finding in two studies (Golding et al., 1990,
1992а) of an increased risk of total childhood
cancer associated with intramuscular vitamin K
administration to neonates in the United
Kingdom has not been confirmed by analytical
studies in Germany, Swedеп or the USA. A study
of time trends in Denmark, although limited by
changes in ascertainment, does not suggest any
relationship with the introduction of the
prophylaxis. The positive association between
leukaemia of all types and vitamin K reported by
Golding et al. (] 992а) has riot been confirmed by
analytical studies in England, Germany, Sweden
and the USA. However, the possibility of a small

Allergies
In view of the postulated importance of
immunological factors in the development of
certain tumours, there have been a number of
investigations of the association between cancer
and a history of asthma, hay fever, hives and
other allergy-related diseases in adults (Vena et
al., 1985). The available data on the relation
between allergies and cancer in children are
summarized in Table 10.6. The limited data,
mainly based on maternal interview, do not
suggest any consistent relationship for
haematopoietic malignancies, and there was f0
noteworthy association with other specific types
of childhood cancer in single studies.

Injuries
Any association with an injury may be the
result of incidental diagnosis of a tumour during
the investigations leading to its management,
although it also has been suggested that
diagnostic X-ray exposure associated with such
investigation may play a direct causal. role (see
Chapter 4). Most of the studies in which this
issue has been assessed have been of brain
tumours and head injuries.

Brain tumours and head injuries
Among subjects with brain tumours diagnosed
under the age of 20 years in the Minneapolis-5t
Paul Metropolitan Area, Minnesota, in 1963,
eight of 20 cases as compared with two of 20
matched controls had either been delivered
following prolonged labour or by forceps
associated with breech delivery (Choi et al.,
1970). The authors suggested that these events
might have inflicted mechanical trauma to the
heads of the subjects. subsequently, PrestonMartin et al. (1982) observed that four of 209
cases of brain tumour were described by their
mothers as severely bruised about the face and
head at birth, whereas no controls were so
described. Howe et al. (1989) reported a relative
risk associated with reported birth injury or
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In summary, there are no consistent
associations with head injury in the perinatal
period or later life, either with brain tumours
overall or specifically with astrocytoma.

trauma of 2.2 (95% CI 0.9-5.6), but no
association with delivery complications was
reported. No association with head trauma at
birth (RR = 0.6, 95% CI 0.3-1.2) was found by
McCredie et al. (1994b), although these authors
noted that the increased relative risk (1.9, 95% CI
0.9-3.7) associated with use of anaesthetics
during delivery could be an indicator of trauma
to the child, as an anaesthetic is more likely to be
given for a difficult birth. In a large rеcordlinkage-based study in Sweden, there was no
association between brain tumours (n = 570) and
birth injury at any specific anatomical site (Linet
et a1., 1996). The relative risk associated with
birth injuries of any type was 1.0 (95% CI

Other types of childhood cancer
In a study of deaths due to childhood cancer
in Great Britain during the period 1953--55, a
moderate excess of fractures and burns or scalds
within two years of the date of diagnosis of
leukaemia was reported (Stewart et al., 1958).
Neglia et al. (1988) found that the relative risk
of neuroblastoma associated with "birth
injuries/other significant conditions" wаs 4.1
(95% CI 0.8-42.0). The proportion of controls
for whom this was reported was 0.8%.
Operskalski et al. (1987) found that
osteosarcoma was associated with prior injury
to the tumour site. Fewer than 10% of cases had
such injuries, and none of them was a fracture.
There was no association with prior injury
overall, that is, irrespective of site.

0.7-1.7).

Regarding head injuries later in life, PrestonMartin et al. (1982) reported a positive
association with head injury requiring hospitalization (RR = 3.0, p = 0.07, based on 12
discordant pairs), but there was no association
with head injury for which any kind of medical
treatment was received (RR = 1.0, based on 92
discordant pairs). Howe et al. (1989) found a
significant positive association between head
and neck injuries requiring medical attention
(RR = 3.2, 95% CI 1.4-7.1); a weaker association
was found when all reported head and neck
injuries were considered (RR = 1.9, 95% CI
0.9-4.3). These workers found that there was
only a weak association (correlation coefficient
= 0.2) between head and neck injuries and
history of skull X-rays, and that positive
associations with head injuries and with skull
X-rays taken at least five years before the
diagnosis were unchanged when both were
included in the logistic regression model
simultaneously. It therefore seems unlikely that
the occurrence of a head injury would have
precipitated the diagnosis of a brain tumour. No
association with head injury for which the child
was reported to have been seen by a doctor or
nurse was found in the study of McCredie et a1.
(1994b) and Cordier et al. (1994) found no
association with reported head trauma in
childhood.
No association between astrocytoma and head
injury with loss of consciousness was found in
the study of Kuijten et al. (1990). By contrast,
Bunin et al. (1994b) found that astrocytoma
cases were somewhat more likely than controls
to have had a head injury that required medical
attention (RR = 2.2, 95% CI 0.9-5.2, adjusted
for income level). In the same study, the relative
risk of primitive neuroectodermal tumours of
the brain associated with head injuries was 0.9

Epilepsy, seizures, barbiturates and
tumours of the central nervous system
Following experiments in animals suggesting
that barbiturates might be carcinogenic, and a
report of an increased incidence of tumours of
the CNS in adult patients treated for epilepsy
with phenobarbitone, phenytoin or primidone
(Clemmesen et al., 1974), the relationship
between barbiturate use in the index child and
brain tumours in childhood, and the underlying
condition, has been investigated (Table 10.7).
Gold et ai. (1979) found that seven of 84
children with brain tumours had epilepsy many
years before their tumour was diagnosed; only
one child in each of the control groups (73
normal controls and 78 cancer controls) was so
affected. These authors also found a nonsignificant positive association with postnatal
exposure to barbiturates (Gold et al., 1978). This
was not statistically significant; three of the five
exposed cases took barbiturates for seizures
beginning 8-14 years before the diagnosis of the
tumour. IcCredie et al. (1994b) found that three
of 82 cases of brain tumour and one of 164
controls had eрileрsy the association was not
statistically significant after exclusion of
symptoms that occurred within six months of
the diagnosis of the brain tumour, and there was
no association with reported use of
anticonvulsant medication by the child.
Preston-Martin et al. (1982) found that a total of
19 cases but no controls had taken drugs for
seizures. The interval between occurrence of first
seizure and diagnosis was 2-4 years for nine

(95% CI 0.4-2.2).
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cases (47%); 5-8 years for five cases (26%) and
more than 9 years for a further five cases. There
was no association with postnatal use of
barbiturates for conditions other than seizures.
An elevated relative risk of brain tumours in
association with anticonvulsant use was
reported by Howe et al. (1989), and in
association with use of barbiturates by Cordier et
ai. (1994). These associations were not
statistically significant. No information was
given on the timing of use.
Using medical records for subjects who were
members of a health insurance plan, Goldhaber
et al. (1990) found a positive association
between tumours of the CNS diagnosed at ages
up to 19 years and history of epilepsy (RR = 5.1,
95% CI 0.9-2.2), mainly due to gliomas. Relative
to never-use of barbiturates, the risk associated
with use for less than one week was 1.4 (95% CI
0.9-2.3), with use for peridds between one week
and one year 2.7 (95% CI 0.7-10.0) and with use
for periods of longer than one year 4.4 (95% CI
1.5-12.8). The great majority of subjects with
epilepsy had been exposed to barbiturates, all for
greater than a week, whereas only 9% of those
exposed to barbiturates for indications other
than epilepsy had taken the drugs for more than
a week. Therefore, the association with duration
was no longer apparent after adjustment for a
history of epilepsy. No association with
barbiturate use was apparent in subjects without
such a history (RR = 1.3, 95% CI 0.8-2.1). The
indications other than epilepsy included gastrointestinal disorders (51% of non-epileptic
case users, 30% of non-epileptic control users),
febrile seizures (7% and 28% respectively), sleep
or emotional disorders (20% in each group) and
asthma (20% and 17% respectively). There was
no association with barbiturate use when the
interval between first use and tumour diagnosis
was two years or less, or ten years or more. Iп the
interval between three and nine years, the
relative risk was 1.8 (95% CI 1.0-3.0)—the
rationale for selecting intervals of these lengths
was not specified. Other subgroup analyses
suggested that the association was restricted to
boys. The lack of a pattern to the variations in
the association by subgroups suggests that the
association was due to chance. 5еizures may be
an early manifestation of tumour development;
cohort studies of adults treated with
phenobarbital for epilepsy have shown an excess
risk of brain cancer, particularly gliomas, in the
early stages of follow-up, which declined with
increasing duration of use, a pattern which
would be consistent with inclusion of patients
with undiagnosed brain tumours that led to

seizures and exposure to phenobarbital for their
control (Goldhaber et aI., 1990). Slow-growiпg
tumours have been reported to give rise to
seizures which may predate tumour diagnosis by
20 years or more (Mathieson, 1975). The
prevalence of exposure to barbiturates (15% in
controls) in the study of Goldhaber et al. (1990),
which was based on medical records, was
substantially higher than those recorded in the
other studies, in which this information was
determined by interview.
In a study in Rochester, Minnesota, reported
only in a letter, no cases of brain tumour were
observed in 8291 person-years of follow-up
contributed by 666 children who had
experienced febrile convulsions and 91 children
placed on long-term regimens of anticonvulsants, usually phenobarbital (Annegers et al.,
1979).

In summary, there is a consistent positive
association between brain tumours and a history
of epilepsy and/or use of barbiturates in the
index child. However, the possibility that this
association is secondary to the presence of the
tumour before its diagnosis cannot be excluded.

Other illnesses in the index child
In a record-linkage-based study in Sweden, the
relative risk of brain tumours associated with
neonatal distress, related treatments or both was
in the range 1.4-1.6 (Linet et al., 1996). The risk
remained elevated after exclusion of subjects
aged under two years. The effects of specific
neonatal conditions and the related treatments
could not be disentangled. In an interview-based
study in New South Wales, Australia, the relative
risk associated with "breathing problems
immediately after birth" was 1.7 (95% CI
0.7-4.0), while that associated with "health
problems in first 2 weeks" was 1.2 (95% CI
0.7-2.4; McCredie et ai., 1994b). These findings,
although as yet unconfirmed, are interesting in
view of the possible role of oxygen deprivation
and excess in brain cell damage during a period
of rapid cell division, and in view of the fact that
DNA damage is less efficiently repaired in brain
cells than in other cells (Lint et al., 1996).
In a study of all types of childhood cancer in
northern England, there was a positive
association with increasing numbers of illnesses
reported over the age of six months (Haitley et
а2., 1988а). This was largely attributable to an
excess of "symptoms, signs and ill-defined
conditions" (ICD9 780-799) reported in cases.
The authors noted that this was particularly
striking for brain tumours. The association was
apparent in comparison both with controls
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selected through general practices and in
comparison with hospital controls. No
association between brain tumours and serious
illnesses in childhood other than fits due to high
fever, epilepsy and meningitis was observed by
McCredie et al. (1994b).
In multicentre studies in north America, no
association between aspects of the medical
history of the index child and Wilms' tumour
(Olshan et al., 1993) or hepatoblastoma (Buckley
et al., 1989a) has been found. In the latter study,
no patients were reported to have had a prior
liver disease.
Holly et al. (1992) reported a positive
association betweenSwing's sarcoma and the
index child having taken an overdose of
4.4, 95% CI
medication or poisons (RR
1.4-13.5). The association persisted when the
analysis was restricted to subjects who were
reported to have seen a physician as a result of
the episode (RR = 9.3, 95% CI 1.9-46.5). The
authors noted that there was no specificity in
the type of agent reported to be involved in the
episodes. The intervals between episode and
diagnosis in cases, and episode and interview in
controls, were similar. In addition, the mean age
when the episode occurred was similar between
cases and controls. For these reasons, and in
view of the absence of other reports of such an
association, the possibility cannot be excluded
that the association reflects the operation of an
unidentified confounder.
Goodman et al. (1978) found that 80% of
adolescent cases of osteosarcoma had abnormal
growth hormone responses to glucose
stimulation. However, Operskalski et al. (1987)
reported that there was no association between
osteosarcoma and metabolic and other growthrelated disorders, including diabetes and other
abnormalities of carbohydrate metabolism.
While acromegaly, a syndrome caused by
excessive secretion of growth hormone usually
due to a pituitary adenoma, has been associated
with an increased risk of neoplasia,
osteosarcoma has not been one of the tumours
observed (Bengtsson, 1993).

Height
Adult stature has been investigated in studies
of cancers typically occurring in middle or old
age because it is considered to be a marker of the
effects of nutrition in childhood or adolescence
(Albanes et al., 1988). Adult stature is also under
genetic control. Height has been investigated in
a number of studies of cancer in children, in part
in order to assess the long-term effects of
therapy.

There have been conflicting observations
about the associations of height at diagnosis and
childhood cancer (Table 10.8). It is difficult to
resolve the inconsistencies for at least three
reasons. First, in several studies, the cases have
included those admitted to clinical trials or
protocol treatment programmes, and it is
unknown to what extent cases with a
particularly poor prognosis, which might be
related to height, have been included. Where a
participation rate is specified, this has often been
less than 70%. 5eсond, in many studies, the
height of cases has been compared with national
standards, and does not take account of regional
variations which may be related to social class. In
relation to ALL, it might be expected that cases
would be taller than expected because of the
relationship with social class (see Chapter 2;
McWhirter et a1., 1983), but this has been
observed only in one study (Broomhall et al.,
1983). Third, it is possible that a prediaghostic
sign of childhood cancer is alteration of growth
velocity. For example, it has been suggested that
the association between brain tumours in
children and low height and weight for age
(Howe et aI., 1989) may be due to a prediagnostic
effect of the tumour on growth hormone levels
(Kuijten & Bunin, 1993). Information on height
before diagnosis was reported only in two
studies, both of osteosarcoma (Brostrdm et al.,
1979; Gelberg et al., 1997).

Interest in the possible association between
height and osteosarcoma and Ewing's sarcoma
was stimulated by the observation of a
resemblance between the curves for growth in
stature by age and sex and mortality due to bone
cancer according to the same parameters (Ederer
et al., 1965) and by the observation of an excess
risk of canine bone cancer among larger breeds
of dog (Tjalma, 1966). In three of the four
available studies, no association between Swing's
sarcoma and height at diagnosis was observed
(Table 10.8). In one of the two available studies
of height recorded before diagnosis and
osteosarcoma, a positive association was found
(Gelberg et al., 1997). Due to a substantial
amount of missing data, the possibility that
selection bias influenced the results cannot be
excluded. No consistent association between
osteosarcoma and height at diagnosis was
observed (Table 10.8). In childhood,
osteosarcomas of the long bones predominate,
whereas later there is a more equal division
between long and flat bones (Weinfeld & Dudley,
1962; Parkin et ai., 1993b). Iп addition,
osteosarcomas of the long bones of the arm tend
to occur earlier than those in the leg, which may
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be due to more rapid growth of the humerus
early in life (Price, 1958; Parkin et al., 1993b). 1n
a study of cancer registrations in England and
Wales during the period 1962-84, sex differences
in bone cancer risk at puberty, especially for
osteosarcoma and Ewing's sarcoma, paralleled
known sex differences in skeletal growth (dos
Santos Silva & Swerdlow, 1993).
Dos Santos Silva and Swerdlow (1993) found
an analogous pattern for rhabdomyosarcoma.
They observed that sex differences in the
adolescent peak of rhabdomyosarcoma
paralleled sex variations in muscle growth
velocity at these ages, and that muscle
development is subject to the same hormonal
stimuli as bone. No association between rhabdomyosarcoma and height at diagnosis was
found in a hospital-based study in Memphis,
Tennessee (Pui et al., 1987).
Only in one study have associations between
height at diagnosis and Hodgkin's disease, nonHodgkin lymphoma, ANLL, retinoblastoma,
neuroblastoma, and Wilms' tumour in children
been assessed (Puy et al., 1987). Compared with
published national standards, no significant
deviations from population norms were found
for any of these categories after adjustment for
multiple significance testing. In a national study
in the USA of more than 3000 patients with
Wilms' tumour, heights and weights at diagnosis
were significantly higher for the subgroups of
patients with Beckwith—Wiedemann syndrome
or hemihypertrophy, and height was lower for
those with aniridia, cryptorchidism or
hypospadias, when compared to other patients
with Wilms' tumour (Leisenring et яI., 1994).

be a cause of ALL was not supported by a cohort
study of newborns treated with phototherapy
for hyperbilirubinaemia, by a record-linkаgebased case—control study in which information
on photatherapy had been collected
prospectively, by two studies of the effects of
hospital versus home confinement, or by data
on time trends. An initial report of an
association between leukaemia and
intramuscular vitamin K prophylaxis has not
been confirmed by other studies in England,
Germany, Sweden and the USA. However, the
possibility of a small increase in the risk of ALL
occurring at ages around those of the peak
incidence in childhood cannot be excluded
entirely in view of the results of the German
case—control study and time trend data from
New Zealand.
No consistent association between brain
tumours and congenital anomalies of all types
combined has been observed. Associations with
congenital anomalies of the CNS may be
artefactual. While there is no clear association
between birth weight and brain tumours of all
types combined, there is a consistent positive
association between astrocytoma and high birth
weight. Other aspects of perinatal characteristics
have been less investigated for brain tumours
than for leukaemia. However, in two studies in
which such investigation was made, raised risks
in association with neonatal distress or related
treatments were observed. No consistent
association between brain tumours and head
injury in the perinatal period or later in life is
apparent. There is a consistent positive
association between brain tumours and a history
of epilepsy in the index child and/or use of
barbiturates by the child, but this may be
secondary to the presence of the tumour before
its diagnosis.
Neuroblastoma dois riot appear to develop in
children with Down's syndrome. This may be
attributable to the hypoplasia of the
sympathetic nervous system observed in those
with Down's syndrome. No clear association
between neuroblastoma and birth weight has

Conclusions
The risk of childhood leukaemia is elevated in
children with Down's syndrome. Iп some
studies, this association appears to account for
the excess risk of leukaemia associated with
congenital anomalies of any type. The results of
studies of the association between childhood
leukaemia diagnosed at all ages and high birth
weight are inconsistent. In subgroup analysis by
age, the strongest associations are apparent in
young children. An initial report of an
association between leukaemia and jaundice was
subsequently shown to be confined to the acute
myeloid type. This relationship may have been
secondary to a strong association between acute
myeloid leukaemia and Down's syndrome. No
association between ALL and jaundice has been
found. The hypothesis that exposure to photosensitizing lighting immediately after birth may

been observed.

Wilms' tumour is associated with aniridia,
hemihypertrophy, cryptorchidism and hypospadias. While some of the excess risk for
cryptochidism and hypospadias may be
attributable to the fact that cases with Wilms'
tumour are likely to undergo particularly
thorough examination of the urogenital system,
recent molecular genetic studies have identified
a candidate gene for anomalies of the
genitourinary tract and Wilms' tumour. In the
340
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largest studies, a consistent positive association
between Wilms' tumour and high birth weight
has been observed. This does not appear to be
due entirely to the association with specific
overgrowth syndromes.
There appears to be an excess of congenital
anomalies of all types combined in cases with
germ-cell tumours. It is unclear whether this is
attributable to anomalies of specific types, and
bias of ascertainment may have influenced the
findings. There is a consistent positive
association between germ-cell turnouts and high

birth weight. This may be compatible with a role
of estrogen exposure in the etiology of germ-cell
tumours.
With regard to other types of childhood
cancer, no clear associations between congenital
anomalies and lymphoma, retinoblastoma,
bone tumours or soft-tissue sarcoma have been
observed. No consistent association between
retinoblastorna and birth weight is apparent.
Associations between birth weight and other
types of childhood cancer have been little
studied.
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Chapter 11

Conclusions
In relation to specific types of childhood
cancer, the factors that have been investigated
are classified in this chapter according to
whether (1) they are generally accepted as being
of etiological importance, (2) they have been
identified as associated with the disease with
some degree of consistency; (3) they have not
been consistently associated with the disease; (4)
they were identified as associated with the
disease in one or two studies but this has not
been investigated further; (5) they have not been
associated with the disease in most of the
available studies. This information has been
tabulated for the leukaemias (Table 11.1), the
lymphomas (Table 11.2), central nervous system
tumours (Table 11.3), neuroblastome (Table 11.4)
and Wilms' tumour (Table 11.5). Within each
category in each table, the factors have been
listed in the order in which they have been
discussed in the text; there is no ranking of the
strength of evidence other than into the five
categories defined.

different estimates of the denominator
population were applied. Population mixing also
has been associated with excesses of childhood
leukaemia in Hong Kong. High rates of mortality
due to childhood leukaemia in Greece and Italy
between the late 1950s and early 1970s may be
attributable to mass migration from rural areas,
and high rates in Israel during the late 1950s to
mass immigration. However, excesses of
mortality due to childhood leukaemia have not
been associated with rapid population influx in
France or with the growth of tourism in Greece.
Data from other populations are needed on these
issues.
These findings have been interpreted as
supporting an infectious etiology for the disease
(Alexander, 1993; Greaves & Alexander, 1993).
According to Greaves' (1988) hypothesis, ALL of
the common B-cell precursor type is postulated
to arise from two spontaneous mutations, one in
utero at a stage of multiplication of B-cell
precursors and the other postnatally following
the infant's first contact with a diverse range of
antigens. Mathematical modelling, analogy with
other paediatric tumours, experimental studies
with avian oncogenes in vitro and studies on
leukaemias in transgenic mice suggest that a
minimum of two mutations is required for the
development of acute leukaemia (Greaves, 1993).
In the absence of a virus containing two (or
more) oncogenes, these mutations will occur
sequentially and independently. A leading
candidate for the cause of the postulated first
mutation has been paternal occupational
exposure to ionizing radiation resulting in germcell mutation, suggested by the study in West
Cumbria (Gardner et al., 1990a), but in view of a
lack of corroborative evidence from studies in
Canada (McLaughlin et al., 1992, 1993b), France
(Pobel & Vie!, 1997), Germany (Michaelis et al.,
1994) and Scotland (Kinlen et ai., 1993b), it
seems likely that the effect of paternal
occupational exposure in West Cumbria is due to
other factors. The association with paternal
occupational exposure to solvents (Table 11.1)
might reflect germ-cell mutation, but might also
be compatible with an effect of postnatal

The leukaemias
Evidence on possible etiological factors
investigated in relation to leukaemia is
summarized in Table 11.1. In many of the
studies, the disease was not considered by subtype. Acute lymphatic leukaemia (ALL) generally
accounts for 75.-80% of total childhood
leukaemia (Parkin et al., 1989). Leukaemia is
associated with high socioeconomic status in
many studies. Spatial clustering has been
identified in studies in Great Britain, Greece and
Hong Kong, but not in Swеdeп or in
metropolitan areas of the цSА. The units of space
considered in the study in the USA were larger
than those used in the analyses in other
countries, and therefore the effects of small-scale
geographical clustering may have been diluted.
In studies in Great Britain, there have been
consistent positive associations with measures of
population mixing. In some of these studies,
estimates of the population at risk may have
been inaccurate, although in certain analyses,
the results were shown to be similar when
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exposure of the index child, as chlorinated
solvents have been detected in the exhaled air of
workers for several hours after exposure.
Similarly, it is difficult to determine whether the
association between paternal smoking and ALL is
due to preconceptional, gestational or postnatal
effects. In view of the absence of an association
with maternal smoking, a preconceptional effect
seems to be most likely. Cigarette smoke has
been shown to be mutagenic in prokaryotes,
fungi/green plants and insects, and cigarette
smoke condensate in these organisms aid also in
mammalian cells in vitro (IARC, 1986а). The
initial mutation could be a somatic mutation in
utero, and the increased risk associated with
exposure to diagnostic X-rays in pregnancy
suggests that a mutation iп utero is possible
(Greaves, 1993).

Other intrauterine exposures have not clearly
been linked with the disease (Table 11.1),
although it is interesting that in a few studies,
acute non-lymphocytic leukaemia (ANLL) has
been associated with maternal alcohol
consumption during pregnancy and with
maternal occupational exposure to metals.
A study of immunglobulin heavy chain gene
rearrangements in 61 cases of B-cell precursor
ALL in children showed that 87.5% of cases aged
three years or less lacked N regions, compared
with only 11% of cases above this age
(Wassermann et al., 1992). Recent data on
monozygotic twins concordant for ALL show
that these leukaemias are c1ona11y initiated in
utero in one twin but spread to the co-twin via
placental anastomoses that occur in
monochorioasic placentae (Ford et ai., 1993;
Greaves, 1993). Low concordance rates for
leukaemia in twins indicate that an in utero event
itself is insufficient for the development of
clinical leukaemia, and support the concept of a
second postnatal event.
Exposure to infection during the lifetime of the
index child is the leading suspect in initiating
the postulated postnatal event. However, direct
evidence is lacking. No consistent association
has been identified with infections during the
child's lifetime (Table 11.1). 1п addition, there is
a report of a positive association with use of chloramphenicol or syntomycin by the index child.
In two studies, an inverse association with
attendance of the index child at a crèche during
the first two years of life was found. It would be
relevant to examine this association in other
countries such as France, where attendance at a
crèche or 'halte-garderie' is common from the
age of two months. In some studies, there
appears to be an association between ALL arid
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HLA-Cw3 and Cw4 antigens, and there is a
preliminary report of associations between
common ALL and HLA-DP1 genotypes. Thus, the
possible relationship with postnatal infection
may be mediated by genetic susceptibility. As
yet, little information is available specifically for
leukaemia in relation to vaccination and breastfeeding. These issues are being pursued in studies
currently in progress in Canada, New Zealand,
Great Britain and the USA (Coleman et al., 1992).
In the case—control design typically employed in
analytical epidemiological studies of childhood
cancer, obtaining information onprior infection
is extremely difficult. Serological studies give no
information on the timing of infection, and the
possibility cannot be excluded that cases will be
especially prone to infectionduring the preclinical period. Certain infections may be
clinically silent, and parents may not recollect
the particular type of infection diagnosed.
Greaves and Alexander (1993) suggested that
candidate viruses could be evaluated by a
combination of laboratory, sero-epidemiological
and case—control studies. Subsequently, precise
hypotheses could be tested using biological
samples from large prospective cohorts of highrisk individuals.
Another exposure which might induce the
postulated postnatal event is to pesticides (Table
11.1). The available data are inadequate to assess
whether the association is apparent only for
certain specific agents. In addition, use of
pesticides may be a marker of rural isolation, so
the possibility that the association is secondary
to confounding by patterns of exposure to
infection which may be due to population
mixing cannot be excluded. Much of the data
considered by IARC working groups (IARC, 1983,
1986b) was inadequate to determine the
mutagenicity of pesticides in short-term tests.
Evidence of the mutage icity in cellular systems
was classified as sufficient for the insecticides
methyl parathion and trichlorfon, the herbicides
diallate and sulfa11ate, and the fungicide captan,
but the available evidence was insufficient as to
the possible mutagenic effects on mammalian
cells.
At the time of writing, it seems unlikely that
exposure to electromagnetic fields is a major
cause of childhood leukaemia. While in four out
of five studies, there was a positive association
between childhood leukaemia and calculated
historical exposure to magnetic fields, no
association with measured magnetic fields was
found in a large study in which measurements
were obtained for most of the reference period
for more than 80% of the study subjects. This

Conclusions

suggests that the lack of a consistent association
in other studies based on measured magnetic
fields may not entirely be the result of these
being a poor indicator of past exposure.
In regard to the hypothesis that maternal
fertility problems are associated with ALL (van
Steensel-Moll et at., 1985а), an increased risk
associated with infertility investigations aid
hormonal treatment for infertility in the penconceptional period has been reported in a study
in England, but no instance of ovulation
induction was reported in a large series of
childhood leukaemia cases in Japan. No
consistent association is apparent with a history
of previous fetal loss, prolonged interval between
oral contraceptive discontinuation and the index
conception (although this has been little
investigated), or threatened abortion during the
index pregnancy.

sub-types of the virus involved may differ.
Other than the investigations of Burkitt's
lymphoma, little work has been done specifically
on lymphomas in children. Outside Africa, South
America, parts of Asia, and the Mediterranean
area, Burkitt's lymphoma accounts only for a
minority of cases of non-Hodgkin lymphoma in
children. Non-Hodgkin lymphoma was included
with leukaemia in several studies with case
ascertainment starting in the 1950s because of
possible confusion in diagnosis. Work
specifically on non-Hodgkin disease in children
would now be of interest in view of the rise in
incidence reported in children and adults.
combined (Coleman et at., 1993). Non-Hodgkin
lymphoma has been reported in children
infected with HIV. HIV may become an
important cause of childhood cancer.
Epstein—Barr virus has been detected in high
proportions of tumour samples from paediatric
cases of Hodgkin's disease.

The lymphomas
Studies in endemic areas have indicated that
Burkitt's lymphoma is associated with
Epstein—Barr virus (Table 11.2). However, this
association does not explain the geographical
distribution of Burkitt's lymphoma, its
relationship with age, or the observation that in
general predominantly boys are affected. The
factor most discussed in relation to these features
is persistent and heavy infection with malaria, as
the geographical distributions of holoendemic
malaria and lurkitt's lymphoma are similar. If
true, this may depend on the vectorial capacity,
rather than the simple occurrence of falciparum
malaria. The proportion of cases of Burkitt's
lymphoma associated with Epstein—Barr virus is
lower in areas of low and intermediate incidence
of the lymphoma than in endemic areas, and the

Central nervous system tumours
Evidence on factors of possible importance in
the etiology of tumours of the central nervous
system is summarized in Table 11.3. There is an
increased risk of cancer in sibs, but the evidence
regarding the occunence of cancer in other
relatives is inconsistent. In the available studies,
a positive association between astrocytoma and
high birth weight has been observed.
The N nitroso hypothesis does not appear to be
well supported. No consistent association
between brain tumours and smoking of either
parent, or with exposure of the index child to
tobacco smoke after birth, is apparent. The
associations with maternal use of incense,
consumption of beer, or use of hair colourants or
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other cosmetics, have been less studied than
those with tobacco smoking, but are not
consistent in the available studies. No consistent
association with maternal use of antihistamines
or diuretics in pregnancy has been found. In
seven out of eight studies, a positive association
between brain tumours in children and maternal

consumption of one or more types of cured meat
during pregnancy was found. However, in some
of these studies, the association may be
accounted for by selection bias, and the
adequacy of others cannot be determined as they
have been published only as abstracts. In
addition, in most of the studies, information was
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Conclusions
sought about relatively few foods, and no
evaluation of the validity of the dietary
assessments appears to have been undertaken.
No clear relationship between brain tumours and
the diet of the index child has been identified. As
yet, no analysis according to estimated total
burden of N-nitroso compounds (Choi, 1985)
has been published.
In five out of six studies of brain tumours in
which maternal consumption of vitamin
supplements during pregnancy was investigated,
an inverse association was observed. One of
these studies related specifically to the category
of primitive neuroectodermal tumours, defined
to include medulloblastomas, neuroЫastomas in
the brain, ependymoblastomas and
pineoblastoma (Bunin et al., 1993). There is
considerable dispute as to the categorization of
embryonal tumours of the central nervous
system, which has arisen from the unresolved
histogerresis of cerebellar medulloblastoma
(Kleihues et аI., 1993). There is general agreement
that this tumour is derived from an immature
precursor cell, but this has not been identified.
Nevertheless, a most exciting finding is that
`primitive neuroectodermal tumours', 90% of
which were medulloblastomas, have been
associated with estimated maternal folate intake
during pregnancy, and with use of multivitamin
supplements during the first six weeks of
pregnancy. If these associations are real, it might
be expected that there would be an association
between these tumours and neural tube defects,
for which a protective effect of folate supplementation has been described (MRC Vitamin
Study Research Group, 1991; Little, 1995). Such
an association has been reported in a study of
childhood brain tumours (Narod et al., 1997),
but was not specific to medu11oblastoma, and
may have been an artefact of comparison with
an inappropriate control group. It would be
interesting to explore this issue in areas of high
prevalence at birth of neural tube defects,
namely the north-west parts of the British Isles,
north-east China and perhaps parts of India and
the Middle East (Little & Elwood, 1992b). A
direct approach would be to study red cell folate
levels in samples of blood taken early in
pregnancy. It would be prohibitively expensive
to undertake this in a prospective cohort study,
but it may be possible to identify stored samples
from cohort studies already undertaken and to
match these to cancer registries. Another
approach would be to examine folate levels in
mothers of cases and controls, on the
assumption that a deficiency in folate absorption
or metabolism is relevant, as has been postulated

for neural tube defects (Yates et al., 1987; Bower
and Stanley, 1989; Wild et al., 1993), and to
determine the 5,10-methy1enetetrahydrofo1ate
reductase genotype, which also has been
associated with spina bifida (van der Put et al.,
1995; Whitehead etal., 1995).
Early reports suggesting an association between
brain tumours and residential exposure to
magnetic fields have not been confirmed. No
consistent association between central nervous
system tumours and inferred paternal
occupational exposure to electromagnetic fields
has been observed.

Neuroblastoma
Fewer investigations have been made an
rieuroblastoma than on the leukaemias or
tumours of the central nervous system. There
are consistent reports of an increase in the
incidence of neuroblastoma. In most areas in
which this has been observed, no systematic
screening for neuroblastoma has been in
operation. In two out of three studies, a positive
association with use of sex hormones before or
during the index pregnancy was found. This
may be consistent with excesses of
neuroblastoma reported after assisted
conception. Earlier reports of associations with
maternal consumption of alcohol, use of
neurally active drugs, and use of hair colourants
during pregnancy (Table 11.4) do not appear to
have been investigated further. Recent reports
suggest an association with parental
occupational exposure to pesticides.
There is considerable diversity in the clinical
behaviour of neuroblastoma, which has been
interpreted as evidence of biological diversity,
and confirmed by molecular genetic studies
(Tonini, 1993). It would be relevant to pool data
from several centres and attempt to analyse
potential risk factors by biological sub-type.

Wilms' tumour
In earlier work, Wilms' tumour was
considered as an 'index tumour' for the
purposes of evaluating completeness of
ascertainment but more recently, considerable
geographical variation in incidence has been
documented. While a subset of cases of Wilms'
tumour is known to be of genetic etiology, the
importance of genetic factors iп etiology is less
substantial than suggested in early studies. A
consistent association between high birth
weight and Wilms' tumour is apparent in the
largest studies. This does not appear to be due
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occupations potentially involving exposure to
metals or to pesticides (Table 11.5). in future
studies, there is a need to consider sub-types of
the disease.

entirely to the association with specific
overgrowth syndromes. The only other factor to
have been associated with Wilms' tumour with
some consistency is paternal employment in
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exposure to diagnostic radiation, whereas this
was not observed in the more recent study. This
pattern is consistent with observations for
other types of childhood cancer. The two
available studies of Ewing's sarcoma show
positive associations with paternal employment
in agriculture. In one of these, this appears to
have been due to pesticides, but there was no
association with use of pesticides in the home.
In several areas, the incidence of soft-tissue
sarcoma appears to be increasing. Soft-tissue
sarcoma has been observed to aggregate with
other tumours in families with an autosomal
dominant pattern, recognized as the
Li—Fraumeni syndrome. However, this accounts
for only a small proportion of cases. Soft-tissue
sarcoma also is associated with neurofibromatosis type 1, but again this association accounts
only for a very small proportion of cases. A
weak association between maternal age over 30
years and rhabdomyosarcoma has been
observed in the three available studies,
although in the largest study, this was not
apparent when maternal age over 35 years was
considered (Ghali et al., 1992). The two
available studies indicate a positive association
with prior fetal loss. A positive association
between rhabdomyosarcoma and smoking by
the father found in an early exploratory study
was not confirmed in subsequent studies. One
of these was specifically designed to test the
hypothesis that paternal smoking was causal
(Grufferman et al., 1993) and questions about
other aspects of lifestyle were asked of parents
in order to minimize the possibility of biased
reporting of smoking habits. Unexpected
positive associations with use of recreational
drugs were found in this large study, but it was
not possible to clarify whether maternai or
paternal exposure was relevant.
In several locations, the incidence of germcell tumours appears to be rising. There appears
to be an excess of congenital anomalies of all
types combined in cases with germ-cell
tumours. It is unclear whether this is
attributable to anomalies of specific types, and
bias of ascertainment may have influen ced the
findings. There is a consistent positive
association between germ-cell tumours and
high birth weight. This may be compatible with
a role of estrogen exposure in the etiology of
germ-cell tumours, as was postulated by Shu et

The two-mutation hypothesis proposed to
account for the occurrence of retinoblastoma in
both hereditary and sporadic forms has become
the paradigm for considering the role of genetic
factors in the etiology of cancer. There is a
paternal predominance of de novo mutation,
but no strong paternal age effect has been
observed. In studies with a short follow-up,
most second primary tumours are
osteosarcomas and soft-tissue sarcomas.
Melanoma has been observed in studies with
longer follow-up, and has been reported in
excess in the families of patients with
retinoblastoma. In two studies, an association
with paternal employment involving welding
has been observed. Only one study has been
made of sporadic heritable and non-heritable
forms of the disease (Bunin et al., 1989a,
1990а). With regard to the sporadic heritable
type, positive associations were found with
paternal preconceptional employment in the
armed forces and in the metal industry, and
with X-ray examination of the lower abdomen
or back and smoking of the father before
conception. A number of maternal exposures
during pregnancy were found to be associated
with the non-heritable form of the disease (Xray, morning sickness medication), while there
were inverse associations with anaemia and
multivitamin use.
Hepatoblastoma is associated with familial
adenomatous polyposis. Only one analytical
epidemiological study of hepatoblastoma is
available (Buckley et al., 1989a). The only
significantly associated paternal exposure was
to metals. There •was also a significant
association with maternal occupational
exposure to metals; in addition, significant
associations were found with maternal
occupational exposure to petroleum products,
paints and pigments. No evidence was found to
support the primary study hypotheses relating
to hepatitis infection, maternal estrogen
exposure, alcohol consumption, smoking or
potential sources of nitrosamines.
No consistent association between height and
osteosarcoma or Ewing's sarcoma has been
found, contrary to early studies. In the two
available case—control studies of osteosarcoma,
there was no association with maternal
estrogen use during pregnancy, no consistent
association with maternal occupation, and no
clear association with birth weight, length at
birth or presence of congenital anomalies in
the index child. In the earlier study, a weak
association was apparent with intrauterine

аI. (] 995а).

Diethylstilbestrol treatment of the mother
during pregnancy has been causally linked
with clear-cell adenocarcinoma of the vagina
and cervix.

349

Epide#viology of Childhood Cancer

exposure is needed (Armstrong of аI., 1992). In
the context of the case—control study, which is
the design used in almost all analytical epidemiological studies of childhood cancer, recall bias
is a major concern, but no severe unidirectional
bias has been detected in studies where
differences in information collected retrospectively and that obtained before pregnancy
outcome was known were compared between
mothers who experienced adverse reproductive
outcome and other mothers (Little, 1992). This
issue has not, however, been explored in relation
to childhood cancer, and certain exposures have
received a great deal of publicity in this context.
With regard to illnesses affecting, and drugs used
by, the index child, the parents of the child and
perhaps other family members, use of medical
records is valuable but should be used in parallel
with, rather than supplanting, information
collected by interview. With regard to
measurements in the human body or its
products, the main tissue considered in studies
of childhood cancer has been blood. Studies
which seek to use biomarkers in blood are likely
to face difficulties in meeting ethical guidelines
(Garralda, 1993) and possibly poor participation
rates, especially in relation to control subjects.
These problems may in part be solved by the
development of techniques suitable for the
analysis of very small blood volumes (Elliott et
аl., 1991а) and of saliva (Malamud, 1992).
Most of the available studies of childhood
cancer have been carried out in North America
or in Europe. It is important that studies are
carried out in other countries.

Final comments
The problem of childhood cancer has
stimulated a new area of epidemiological
inquiry, namely the health effects of exposure to
electromagnetic fields, and a great deal of
methodological development in the analysis of
clustering and clusters, following the
observation of excesses of haematopoietic
malignancies in young people in the vicinity of
some nuclear plants. Although the weight of
evidence now available does not support a major
role for electromagnetic fields or ionizing
radiation other than that received in diagnostic
X-ray examinations in utero, these are important
areas of public concern and further studies are in
progress (Coleman et al., 1992). The studies of
electromagnetic fields have highlighted the
more general problems of exposure assessment
and selection bias of controls. Aspects relevant
to clinical practice include the associations with
vitamin K suggested in studies in Great Britain,
but subsequently not confirmed in studies in
Sweden arid the USA.
A recurrent issue in the concluding points
relating to specific types of cancer has been the
need for assessment of associations for subtypes. In view of the rarity of childhood cancer,
multicentre studies are needed in order to have
adequate numbers by sub-type for analysis. This
poses the challenge of standardization of
classification, but this is not insurmountable in
view of the experience of cooperative clinical
trials in Europe and in North America. As
emphasized in much recent epidemiological
literature, improvement in methods of assessing
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weapons testing fallout, 101
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residence near nuclear plants, 115
Carbon tetrachloride, 189
Carcinomas, 64-65
Case-control studies, 3
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clustering, 45
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descriptive epidemiology, 47-51
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ethnic variation, 49
genetic studies, 74-77
geographical pattern, 48-49
incidence, 49
maternal medical history, 291-296
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ionizing radiation, 128-130
parental electromagnetic field exposure, 175-176
socioeconomic status, 18, 50
summary of factors studied, 346
time trends, 50
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Chernobyl accident, 23, 64, 79
leukaemia, 95-97
thyroid cancer, 97-99
Chickenpox, 224, 225
Chloramphenicol, 225, 226
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Chronic myeloid leukaemia (CML)
geographical patterns, 12
incidence, 13
Classification 11
Clustering, 2, 23-36, 66
central nervous system tumours, 45
leukaemia, 23-36, 185, 192, 206, 342
lymphomas, 43-47
methodology, 28
other sites, 65
Coffee, 269
Cohort studies, 6
Commuting, 216
Congenital anomalies, 306-317
bone tumours, 316
central nervous system tumours, 76, 314, 340
germ-cell tumours, 317
hepatic tumours, 317
leukaemia, 307
lymphomas, 314
neuroblastoma, 314
retinoblastoma, 315
soft-tissue sarcoma, 316
Wilms' tumour, 85, 315
Construction projects, 213-216
Contraceptives, oral, 286, 296
Control selection, 4
Cosmetics, 268
Cryptorchidism, 315

Daycare, 231
Debendox, 290
Denmark
electromagnetic fields, 164
neuroblastonia, 53
weapons testing fallout, 101
Descriptive studies, 1, 10-66
central nervous system tumours, 47--51
germ-cell and gonadal tumours, 62-64
leukaemia, 11-36
lymphomas, 36-47
neuroblastoma, 51-54
renal tumours, 55-57
soft-tissue sarcoma, 60-62
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Diet
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and brain tumours, 253-261
and leukaemia, 242
postnatal
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and leukaemia, 243
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Diuretics, 290, 296, 298
Dounreay, UK, 107-108, 125, 206, 215
Down's syndrome, 71, 307, 313, 315, 317, 340
Drugs
anaesthetics, 288-289, 293, 295, 301
analgesics, 290, 296, 299
antibiotics, 218, 226, 302
anticonvulsants, 290, 293, 299, 334-336
antihistamines, 290, 296, 299
antinauseants, 290, 296, 299, 301
aspirin, 290, 296
diuretics, 290, 296, 298
nitrosatable, 296
oral contraceptives, 286, 296
recreational use, 250, 263, 269, 271, 274, 276, 278
sedatives, 290
Dummies, 268
Electromagnetic fields
and all cancers, 155-165, 173, 177
and brain tumours, 169--170, 172, 175, 347
and leukaemia, 165-169, 170-172, 173, 176, 344
and lymphomas, 172
and neuroblastoma, 174
parental exposure, 174-177
residential exposure, 148-173
Ependymoma, 49
Epilepsy
maternal, 29 3-294
postnatal, 334-336
Epstein-Barr virus, 41, 221, 232-234, 241, 345
Estrogens, 276, 301, 302, 324
Ethnic groups, descriptive data, 66
central nervous system tumours, 49
Ewing's sarcoma, 59
germ cell and gonadal tumours, 63
Hodgkin's disease, 38
leukaemia, 13-15
neuroblastoma, 52
• non-Hodgkin lymphoma, 42
osteosarcoma, 59
retinoblastoma, 54
soft-tissue sarcoma, 61, 62
Wilms' tumour 56
Ewing's sarcoma, 59, 349
congenital anomalies, 316
genetic factors, 85
height, 337
maternal medical history, 301
parental occupation, 203
parental smoking, 273
postnatal infection, 236
Family studies
bone tumours, 85-87
central nervous system tumours, 74-76

leukaemia, 68-71
lymphoma, 74
neuroblastoma, 77
retinoblastoma, 79
soft-tissue sarcoma, 87
Wilms' tumour, 83-85
Feline leukaemia virus, 226
Fertility, 8, 286, 298, 303, 345
Fetal hydantoin syndrome, 299, 315
Fetal loss, 282, 291, 296, 299, 301
Finland
and Chernobyl accident, 96
electromagnetic fields, 164
population mixing and leukaemia mortality, 210
weapons testing fallout, 101
Fluoride, 273
Folate, 256, 258, 347
France
leukaemia, 108, 114, 119, 124, 207
occupational exposures
nuclear plant, 124
population mixing, 207
radon, 119
residence near nuclear plants, 108, 114
Gamma radiation, 116
Ganglioneuroblastoma, see Neuroblastoma
Genetic factors, 2, 67-89
bone tumours, 85
centtal nervous system tumours, 74-77
leukaemia, 67-73
lymphomas, 73-74
neuroblastoma, 77-79
retinoblastoma, 79-82, 349
soft-tissue sarcoma, 87
Wilms' tumour, 82-85, 347
Geographical variation
bone tumours 58, 59
Burkitt's lymphoma, 40
central nervous system tumours, 48-49
gonadal and germ cell tumours, 62
hepatic tumours, 57
leukaemia, 11-12
lymphomas, 36-38, 42
neuroblastoma, 51
retinoblastoma, 54
soft-tissue sarcoma, 60, 61
Wilms' tumour 56
see also Clustering
Germany
and Chernobyl accident, 97, 99
electromagnetic fields, 168
occupational exposures
nuclear plant, 127
radon, 118
residence near nuclear plants, 115
Germ-cell and gonadal tumours, 62-64, 349
birth weight, 324
congenital anomalies, 317, 341
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genetic factors, 89
infection, 237
maternal lifestyle factors, 276
maternal medical history, 302
Greaves' hypothesis, 7, 34, 342
Greece

and Chernobyl accident, 96
electromagnetic fields, 167
leukaemia clustering, 24, 35
population mixing and leukaemia mortality, 210
tourism, 217
Hair colourants, 268, 269, 273
Head injury, 332
Height, 337-340
Hepatic tumours, 57-58
genetic studies, 85
hepatoblastoma, 203, 236, 273, 301, 349
Herbicides, 204
see also Agent Orange
Histiocytosis X, 43
'LA system, 72, 87
Hodgkin's disease
clustering, 43
Epstein-Barr virus, 234
ethnic variation, 38
geographical pattern, 38
incidence, 38
residence near nuclear plants, 113
socioeconomic status, 39
time trends, 40
Hong Kong
leukaemia clustering, 36
population mixing, 210

Influenza, 218
Injury, head, 332
Insulation materials, 193
Insulin-like growth factor, 318
Intrauterine exposure
infection, 217-220, 235, 240, 286
pesticides, 182, 195
radiation, 134-143, 147
see also Maternal exposures
Iodine-131, 93, 95, 102
Ionizing radiation, 90-147
atomic bombing, 90-92
background, 116-119
fall-out from weapons tests, 99-103
medical exposure, 132-147
nuclear plant accidents, 23, 92-99
occupational exposures, 119-132, 342
residence near nuclear plants, 103-116
Iron, 290
Japan

atomic bombings, 90-92
Jaundice, 324
Kaposi's sarcoma, 61, 234
Kinlen hypothesis, 7, 34, 206-217
Kazakstan, 102
Lead, 192, 202
Leukaemia
after atomic bombing, 90-92
after nuclear plant accidents, 93-97
alcohol consumption, 251, 252, 276
anaesthetics, 288-289
animal contact, 226-227
and antibiotic use, 218, 225, 226
background radiation, 116-119
BCG vaccination, 227-231
birth order, 279
birth weight, 318
bracken spores, 194
breast-feeding, 243
clustering, 23-36
descriptive epidemiology, 11-36

Hormones, 9, 286-288, 296, 298, 347

see also Diethylstilbestrol, Oral contraceptives
Hospital controls, 5
Human herpes virus type б (11V-6), 221
Human immunodefkiency virus (11V), 61, 234, 241, 345
Hydrocarbons, 184-188, 198, 200
Hydrocephalus, 314
Hyperbilirubinaemia, 325-326
Hypertension, rriatenial, 290, 298, 301

diet

maternal, 242, 276
postnatal, 243, 276
Down's syndrome, 307, 313, 340
electromagnetic fields, 165-169, 170-172, 173,

Illness, maternal, 286-291, 293-296
Immunization, 221, 227, 235, 237
Incense, 263
India, 127
Infection, 206-241
Epstein.-Barr virus, 41, 221, 232-234, 241, 345
Kinlen hypothesis, 7, 34, 206-217
and leukaemia clustering, 23-24, 34, 206
and lymphomas, 232-235
maternal, 217-220, 235, 240, 286
and non-haematopoietic tumours, 236-237
postnatal, 221-226, 234, 236, 344
viral, 7

177, 344

parental exposure, 176
ethnic variation, 13-15
fertility problems, 8
fetal loss, 282
genetic studies, 67--73
geographical patterns, 11
Greaves' hypothesis, 7, 34, 342
hydrocarbons, 184-188
immunization, 221, 227
and infection, 206-232, 240, 286

see also Viruses
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insulation materials, 193
intrauterine irradiation, 134-143, 147
ionizing radiation, 90-147, 342
jaundice, 324
Kinlen hypothesis, 7, 34, 206-217
mаternal age, 279
maternal medical history, 282-291
metal dusts, 192
occupational radiation exposures, 119-131
pesticides, 180-182, 204, 344
photosensitizing lighting, 325
population mixing, 206-217, 240
postnatal irradiation, 143, 147
`recreational' drug use, 250, 276
residence near nuclear plants, 103-116, 119
sex ratio, 12
smoking, 245-251, 276
socioeconomic status, 15-19
solvents, 189-192
summary of factors studied, 343
time trends, 19-23
traffic, 189
vitamin K, 328-332, 340
weapons testing fallout, 99-102
wood dust, 193
see also Acute lymphocytic leukaemia, Acute nonlymphocytic leukaemia, Chronic myeloid
leukaemia
Li-Rraumeni syndrome, 87, 89, 349
Lighting, photosensitizing, 325
Liver, see Hepatic tumours
Lung cancer
residence near nuclear plants, 113
Lymphomas
breast-feeding, 251
chemical exposures, 194
clustering, 43-47
descriptive epidemiology, 36-47
electromagnetic fields, 172
genetic studies, 73-74
geographical patterns, 38, 40, 42
human immunodeficiency virus, 234
incidence, 38, 41, 42
and infection, 232-235
maternal medical history, 282-291
pesticides, 194
smoking, 253-255
socioeconomic status, 39, 43
summary of factors studied, 346
time trends, 40, 41, 43
see also Burkitt's lymphoma, Hodgkin's disease,
Non-Hodgkin lymphoma

rhabdomyosarcoma, 301
Wilm's tumour, 299
Maternal exposures
alcohol consumption, 251, 252, 267-268, 269,
271, 273
anaesthetics, 288-289, 293, 295, 301
animal contact, 235
antibiotic use, 218
coffee, 269, 271
diet, 242, 253-261, 277
hair colourants, 268, 269, 270, 273
immunization, 221, 235
infection, 217-220, 235, 236, 240
occupational
chemical exposure, 198
electromagnetic fields, 176
hydrocarbon exposure, 184, 187, 198
ionizing radiation, 130-131
lead, 192
solvents, 189-192
oral contraceptives, 286, 296
'recreational' drug use, 250, 263, 269, 271, 274,
276, 278
smoking, 245-247, 253-254, 263-265, 269,
271-272, 274-275, 277
vitamin intake, 242, 244, 256, 259, 268, 269,
271
X-ray, 82, 132-133, 134-143
Maternal medical history
before pregnancy, 286, 293, 298, 299
during pregnancy, 286-291, 293-296, 298,
301-303
Measles, 224, 225
Meat consumption, 243, 253, 256-258, 261, 274
Medical history, maternal
before pregnancy, 286, 293, 298, 299
during pregnancy, 286-291, 293-296, 298,
301-303
Medulliblastoiia, 49, 259, 347
Melanoma, 65
Metal dust, 192-193
Miscarriage, 282, 286, 292, 297, 301
Multiple sclerosis, 286
Mumps, 224, 225
Mutations, 2, 73, 314
osteosarcoma, 85
retirioblastoma, 79, 81-82
Wilms' tumour, 82

Nasopharyngeal carcinoma, 64
Nervous system, see Central nervous system,
Sympathetic nervous system
Neuroblastoma
alcohol, 269, 277
coffee, 269
descriptive epidemiology, 51-54
Down's syndrome, 315, 340
ethnic variation, 52
genetic studies, 77-79
geographical pattern, 51
hair colourants, 269
hormones, 298, 347

Major histocompatibility complex, 72, 87
Malaria, 232
Marijuana, 250, 263, 274
Matching, б
Maternal age
сепtraI nervous system tumours, 291
leukaemia, 279-281
neuroblastoma, 296
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incidence, 52
and infection, 236
maternal medical history, 296-299
parental electromagnetic field exposuTe, 174-175
pesticides, 200
radon, 118

smoking, 269
socioeconomic status, 18, 53
summary of factors studied, 348
time trends, 53
vitamin supplements, 268
N-Nitroso compounds, 8, 195, 253, 267, 296, 345
Nitrous oxide, 288
Non-Hodgkin lymphoma
breast-feeding, 251
clustering, 29
ethnic variation, 42
geographical variation, 42
human immunodeficiency virus (HIV), 234, 241,
345

incidence, 42
and postnatal infection, 234--235
occupational exposures
ionizing radiation, 128-131
nuclear plant, 119-122, 125-126
radon, 118

residence near nuclear plants, 104, 105, 107, 108,
114, 115

socioeconomic status, 43
smoking, 253-255
time trends, 43
Norway,
electromagnetic fields, 165
weapons testing fallout, 101
Nuclear plants
accidents, 119, see also Chernobyl, Three Mile
Island, Windsca1e
Kin1eri hypothesis, 7
leukaemia, 103-116, 119
parental occupational exposure, 119-127
residence near, 103-116, 119
Dounreay, UK, 107-108
La Hague, France, 108-109
Sella6e1d, UK, 103-107

Occupational exposure, parental
aerospace industry, 198
agricultural work, 182, 195, 200, 203, 204
chemicals, 198
electromagnetic fields, 174-177
hydrocarbons, 184-188, 198-199, 200
ionizing radiation, 119-132,. 342
lead, 192, 202
metal dusts, 192
N-пitгoso compounds, 195
nuclear plants, 119-127
pesticides, 180-182, 200, 202

radiographer, 128, 130
solvents, 189-192
welding, 200, 202
Oil terminal construction 213-215
Oral contraceptivés, 286, 296

Orofacial clefts, 307
Osteosarcoma, 58-59, 349

fluoride, 273
genetic factors, 85
height, 337

maternal infections, 237
maternal medical history, 301
parental occupation, 203
radiation, 146
Oxygen, supplemental, 326
Pacifiers, 268
Painting, 191
Parvovirus В19, 221
Passive smoking, 250, 263
Paternal exposures
Agent Orange, 182-184
occupational
aerospace industry, 198
agricultural work, 182, 195, 200, 203, 204
electromagnetic fields, 174-177
hydrocarbon exposure, 184-188, 198-199,
200

ionizing radiation, 119-132, 342
lead, 202
metal dusts, 192
N-nitroso compounds, 195
nuclear plant, 119-127
pesticides, 180-182, 200, 202

solvents, 189-192
welding, 200, 202
smoking, 245, 248-249, 253, 255, 263, 266, 271,
274-275, 277, 344

X-ray, 73, 82, 133-134
Pertussis, 225
Pesticides
central nervous system tumours, 195-197, 204
leukaemia, 180-182, 204, 344
lymphomas, 194
neuroblastoma, 200
retinоыаstoma, 200
soft-tissue sarcoma, 204
Wilms tumour, 202
Pethidine, 288
Phenobarbital, 336
Phenytoin, 299
Photosensitizing lighting, 325
Polio vaccination, 221, 235
Population mixing, 206, 240
Power lines, 148, 154
Pregnancy, see Maternal exposures
Primitive neuroectoderrrial tumours, 48, 51, 258,
347

Radiation, see Ionizing radiation, Electromagnetic
fields
Radiographers, 128, 130
Radon, 117-119
Random-digit dialling, 4
Recall bias, 5

Index
Registries, 1
Renal disease, 290
Renal tumours
descriptive epidemiology, 55-57
see also Wilms' tumour
Reproductive history, see Birth order, Maternal age,
Fetal loss
Reticuloendothelial neoplasms, 290

Retinoblastoma
descriptive epidemiology, 54-55
genetic studies, 79-82, 349
and infection, 236
maternal medical history, 299
pesticides, 200
residence near nuclear plants, 106
smoking, 271
vitamin supplements, 269
Rhabdomyosarcoma, 349
congenital anomalies, 316
descriptive epidemiology, 61-62
height, 340
and infection, 237
maternal medical history, 301-302
pesticides, 204
and radiation exposure, 131
smoking, 274-276
Rib abnormalities, 315
Rubella, 224, 225
Rural areas, 206-217
Russia, see USSR, former

Sampling for control subjects, 4
Second primary tumours
after central nervous system tumour, 76
after leukaemia, 72
after lymphoma, 74
after neuroblastoma, 79
after retinoblastoma, 81
after soft-tissue sarcoma, 89
Sedatives, 290
Seizures, 334
5еlection bias, 4
Sellafield, UK, 103-107, 119-123, 206
Sex ratio, 12
5ibship size, 231
Small-area variations see Clustering
Socioeconomic status, 66
central nervous system tumours, 50
Hodgkin's disease, 39
leukaemia, 15-19
non-Hodgkin lymphoma, 43
Soft-tissue sarcoma, 349
congenital anomalies, 316
descriptive epidemiology, 60-62
genetic studies, 87-89
and infection, 237
pesticides, 204
smoking, 274
Solvents, 189-192
Soviet Union, see USSR, former

5trontium-90, 100, 101, 103
Sulfonamides, 218, 226
Sweden
and Chernobyl accident, 97
electromagnetic fields, 162, 163
leukaemia clustering, 35
radon, 117
Sympathetic nervous system, 51-54
Syntomycin, 226

Tea, 271

Thorotrast, 133, 134
Three Mile Island, 93--94
Thyroid cancei, 64
after atomic bombing, 92
after neuroblastoma, 79
after nuclear plant accidents, 93, 97-99
postnatal irradiation, 146
weapons testing fallout, 102
Time trends, 66
central nervous system tumours, 50
germ-cell and gonadal tumours, 63
hepatic tumours, 58
Hodgkin's disease, 40
leukaemia, 19-23
non-Hodgkin lymphoma, 43
osteosarcoora, 59
retinoblastoma, 55
soft-tissue sarcoma, 61,62
Tobacco smoking
parental, 277
bone tumours, 273-274
brain tumours, 263-266
leukaemia, 245-250, 344
lymphomas, 253
neuroblastoma, 269
soft-tissue sarcoma, 274-275
• Wilrns' tumour, 271
passive, 250, 263
Tonsillectomy, 226, 236
Tourism, 217
Traffic, 189, 198
Transpiacental exposures, 3, 8
Trauma, 334
Treatment for cancer
and cancer in offspring, 71
Trichloroethy1ene, 189, 191
Twin studies
central nervous system tumours, 74
leukaemia, 67--68, 69
lymphoma, 74
multiplicity, 304
neuroblastoma, 77
retinoblastoma, 79
soft-tissue sarcoma, 87
Wilms' tumour, 83
X-rays, intrauterine, 304
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Uganda
Burkitt's lymphoma, 40-42, 47, 232
Kaposi's sarcoma, б1
Ukraine, 95, 98
see also Chernobyl accident
Ultrasound, 291, 296
United Kingdom, see Britain
United States of America
central nervous system tumours, trend, 50-51
electromagnetic fields, 155-162, 165, 166, 168,
169, 174-176
ethnic variation, 13, 39, 43, 49, 52, 54
Hodgkin's disease trend, 40
Hodgkin's disease clustering, 43
leukaemia clustering, 35, 210
leukaemia trends, 23
neuroblastoma trend, 53
non-Hodgkin lymphoma trend, 43
nuclear plant accidents, 93-94
radon, 118
residence near nuclear plants, 110
weapons testing fallout, 99, 102
USSR, former, 94-98

Vaccination
BCG, 227-231
polio, 221, 235, 237
Vagina, clear-cell adenocarcinoma, 302
Varicella, 218
Viet Nam veterans, 182-184, 200
Viruses, 7
and leukaemia clustering, 34
Epstein-Barr virus, 41, 221, 232-234, 345
human immunodeficiency virus (11V), 61, 234, 345
maternal infection, 217-220
Vitamin intake, 242-245, 256, 259-263
vitamin K, 326-332, 340

Weapons testing, 99-102, 119
Welding, 200, 202
Wilms' tumour, 9
alcohol, 271
birth weight, 318, 340
boron, 202
coffee, 271
congenital anomalies, 85, 315
ethnic variation, 56
genetic studies, 82-85, 348
geographical pattern, 56
hair colourants, 273
hydrocarbons, 200-201
incidence, 56
and infection, 236
laterality, 57
lead, 202
maternal medical history, 299-301
pesticides, 202
and radiation exposure, 130
smoking, 271
socioeconomic status, 57
summary of factors studied, 348
time trends, 57
Windscale
accident, 93
Wiring configuration, 148-155
Wood dust, 193
X-rays
for injury, 332, 334
maternal, 82, 132-133, 134-143
paternal, 73, 82, 133-134
postnatal irradiation, 143
radiographers, 128-130
twin studies, 304
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