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SUMMARY The inter-regional epidemiological study of childhood cancer analysed data on 234
children diagnosed with leukaemia or lymphoma and 468 controls matched for age and sex. A
wide range of potential risk factors was examined, including prenatal exposure to x rays,
maternal drug ingestion and smoking, child's medical history, and parental medical conditions
and occupation. Calculations were completed for leukaemia or lymphoma and diagnostic
subgroups, as defined by laboratory confirmed cell type. In utero exposure to narcotic analgesics
was weakly associated with leukaemia or lymphoma but no other antenatal factors gave
significant risks. New associations were identified for skin diseases in both parents and congenital
abnormalities in the mothers of children with leukaemia. For past medical conditions in the child,
viral disease occurring under 6 months of age increased the risk for acute lymphoblastic
leukaemia. Fewer children in the leukaemia or lymphoma group had been immunised compared
with the control groups. Case children diagnosed over the age of 9 years were more likely than
controls to have had four or more previous episodes of illness. Overall, these results indicate that
prenatal factors may be less important than postnatal or genetic influences in the development of
leukaemia or lymphoma in children.

In the United Kingdom data have suggested a rise in
the incidence of childhood leukaemia.' 2 The
reasons for this increase remain obscure, in parallel
with the failure of epidemiological studies to detect
any major risk factors for childhood leukaemia or
lymphoma. Advances in immunophenotyping of
haematologic malignancies now permit the identi-
fication of distinct subtypes of diseases once thought
to be single entities. Hence aetiological investigation
of accurately classified disease phenotypes can be
accomplished. As yet few epidemiological studies
have incorporated this approach, particularly for
childhood reticuloendothelial neoplasms.

*IRESCC Group: the authors and Dr C C Bailey, Dr A H
Cameron, Dr R H A Campbell, Dr S C Cartwright, Mr J J
Corkery, Dr D Deakin, Mr P Gornall, Dr H B Marsden, Dr P H
Morris-Jones, Dr D Pearson, Mr R Swindell, and Mrs J Williams.

The inter-regional epidemiological study of child-
hood cancer (IRESCC), a collaborative case control
study, gathered a wide range of information from
parents of 555 children diagnosed with childhood
cancer and 1110 control children. The aim of this
paper is to present the systematic evaluation of
aetiological factors relating to the 234 cases of
childhood leukaemia or lymphoma.

Methods

The study was conducted in three regional health
authorities-Yorkshire, West Midlands, and North
West. Cases of childhood malignancy were ascer-
tained within these defined geographical areas from
January 1980 to January 1983. Details of the case
control methodology as applied to this study are
described elsewhere.3 A total of 234 case children
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280 McKinney, Cartwright, Saiu, et al

(under 15 years) diagnosed with leukaemia or

lymphoma were included and their parents inter-
viewed with a standard questionnaire. Each case

child was matched for age and sex with two healthy
control children selected from admissions to hospital
and general practitioner lists. Identical information
was gathered from the parents of these control
children as had been gathered from the parents of
the children with leukaemia or lymphoma. Ques-
tions asked for details of the index antenatal period
(illness, investigations, drug ingestion, complica-
tions, smoking, and alcohol consumption), medical
history of the child, parents, and other family
members, and parental occupation and smoking
habits. Additional data were abstracted from medi-
cal notes. In particular, efforts were made to see

relevant obstetric notes for every case and control
mother interviewed. For both parents and child,
diseases and conditions not related to pregnancy

were coded according to the International Classifica-
tion of Diseases,4 apart from gynaecological prob-
lems, which had unique IRESCC codes. Social class
was assessed according to the father's occupation at
the time of the child's birth.5
An extensive range of risk factors was investi-

gated for any possible association with childhood
leukaemia or lymphoma. Preliminary tables for case

control comparisons were produced using SPSS
version X.6 Statistical analysis of cases versus pooled
(hospital and general practitioner) controls was

completed on a Hewlett Packard 41CV programm-
able calculator using the programs of Rothman and
Boice.7 Relative risks were produced by the Mantel-
Haenzsel method, with tests based on 95% confi-
dence intervals and two tail p values. x2 and t tests
were used when appropriate on certain variables.

Results

The distribution for sex and age at diagnosis of the
234 children with leukaemia or lymphoma who were

interviewed is shown in Table 1. They were not the
complete set of incident cases from the three study
regions because certain exclusions were made3 for
pragmatic reasons.

All 234 children with leukaemia or lymphoma had
cytologically or histologically confirmed diagnoses.
Of the 171 children with leukaemia, 148 were typed
as acute lymphoblastic leukaemia, with common
acute lymphoblastic leukaemia being confirmed by
Professor M F Greaves in 78 patients. The 'other
acute lymphoblastic leukaemia' group included
diagnoses of uncertain cell origin, T cell, B cell, and
null cell acute lymphoblastic leukaemia and 24 cases

not submitted for cell typing, as detailed in Table 1.
Most of the other leukaemias were of myeloid

Table 1 Incidence of leukaemiallymphoma cell type by
sex (M=male; F=female) for age at diagnosis

Disease subtype Age at diagnosis Total

Under 2 years 2-8 years 9-14 years

M F M F M F

Common acute
lymphoblastic
leukaemia 5 1 32 26 9 5 78

'Other' acute
lymphoblastic
leukaemia* 2 7 24 19 8 10 70

Myeloid
leukaemiast 1 1 6 6 5 4 23

Total leukaemias 8 9 62 51 22 19 171

Hodgkin's
disease 0 0 10 2 15 5 32

Non-Hodgkin's
lymphoma 1 0 13 5 8 4 31

Total lymphomas 1 0 23 7 23 9 63

Total leukaemia/
lymphoma 9 9 85 58 45 28 234

*Includes cases untested for cell type (24), T cell (10), B cell (two), and null
cell acute lymphoblastic leukaemia (eight), and uncertain cell type (26).
tlncludes acute myeloid leukaemia (18), chronic myeloid leukaemia (two),
acute promyelocytic leukaemia (one), erythroleukaemia (one), and
megakaryocytic leukaemia (one).

origin. The lymphomas (63 cases) were equally
distributed between Hodgkin's disease (32 cases)
and non-Hodgkin's lymphoma (31). The rationale
for categorising the leukaemia or lymphoma was
based on the hypothesis that varying cell types of
disease may have differing aetiologies and labora-
tory confirmation of individual phenotypes permits
investigation of homogeneous subgroups. Insuffi-
cient numbers necessitated grouping some cell
types, though most of the untested cases of acute
lymphoblastic leukaemia were probably of the
common null cell type.

For many of the potential risk factors investi-
gated, no significant case control differences
emerged either for major diagnostic groups
(leukaemia or lymphoma, leukaemias, and lympho-
mas) or smaller sized subgroups. Table 2 lists the
factors examined that fell into this category, detail-
ing the type of comparisons made. None of the
relative risks were greater than 2 or reached
significance at the 5% level.

Pregnancy and related events. Fetal exposure to
potential carcinogens was investigated by close
examination of the relevant antenatal period, using
both interview reports and medical records. No
obstetric notes were available, from either the
general practitioner or the hospital, for a very small
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Aetiological factors in leukaemia and lymphoma 281

Table 2 Factors that failed to show any major positive*
associations with childhood leukaemia or lymphoma

Pregnancy and related events
Interval between stopping oral contraception and conception (no gap or <3
months)t

Type of antenatal care (hospital or general practitioner practice, or both)
Amniocentesis examination
General anaesthetic
Alcohol consumption
Duration of gestation
Type of delivery (normal, breech, assisted, or caesarean)
Place of delivery (home or hospital)
Maternal smoking (1-20 cigarettes a day, 21 or more cigarettes a day)
Infections during pregnancy (influenza, urinary tract infection)
Toxaemia
Threatened miscarriage
Ultrasound examinations

Birth and neonatal experiences
Apgar score at birth (<5 v rest)
Breast fed
Length at birth
Birth weightt

Family factors
Maternal age (<24 years, <21) years, <40 years)
Paternal age (<20 years, <4(1 years)
Birth order (rank 1 v rest)
Sibship size (five or more sibs), excluding 1/2 sibs
Father's social class (I, II, IIIN v IIIM, IV, V)

Other factors
Fathers smoking (1-20 cigarettes a day. 21 or more cigarettes a day)
Exposure to pets (for example, all mammals, cats, birds)

*That is, relative risks <2 and non-significant statistical tests.
tBracketed information indicates comparisons used in the analysis; otherwise
nominal binary groups were used.
tSee text.

number of mothers-three cases of leukaemia or
lymphoma and six general practitioner and three
hospital controls. Antenatal factors apparently un-
related to the subsequent development of leukaemia
or lymphoma are shown in Table 2. Birth weight was
similar for cases and controls in the pooled diagnos-
tic group (leukaemia and lymphoma) but for those
in the lymphoma group the mean birth weight of
cases and controls was significantly different. The
case babies were lighter than their matched controls
(mean birth weight for cases 3260 g and for controls
3433 g, p=005, t test). This was accounted for by
the babies with non-Hodgkin's lymphoma (cases
3194 g, controls 3437 g, p=005, t test).

Risks to the fetus of maternal drug ingestion were
calculated, grouping drugs according to their phar-
macological action. Table 3 shows the absence of
any major transplacental carcinogenic effect for
most drug groups apart from narcotic analgesics
ingested in pregnancy and barbiturates taken during
labour. The significant relative risk of 8-3 for the
group with leukaemia or lymphoma with reported
ingestion of narcotic analgesics was due to the
leukaemia subgroup (seven cases (seven acute, none
myeloid), one general practitioner control, one
hospital control; relative risk=7-3, 95% confidence
intervals 1.9, 28-3; p<001), with medically pre-
scribed narcotic analgesics approaching significance.

Table 3 Drugs ingested during index pregnancy and labour

Pharmacological groups of drugs with non-significant relative risks

Drug group Estimated relative risk for leukaemiasllvmphomas

Reported at interview Medically recorded

Analgesics ()-9 1-3
Antibiotics 1-( 1-()
Antifungals 0-6 (0-7
Antihistamines 13 1-1
Barbiturates (pregnancy only) 1() 1-()
Benzodiazepines (0-7 ()-9
Diuretics 1() 1-4
Hormoncs (19 1)7
Hormone confirmation of pregnancy 0-8 1-2
Topical steroids 1-( (0-6
Phenothiazines (major tranquilisers) 2-0 1-5

Drug grouips with significant association.s

Drug group Diagnostic groutp Reported at interview Relative risk 95% Confidence p Value
(No of iases) or medicallv recorded intervals

Narcotic analgesics Leukaiemia/lymphoma Reported at interview 8X3 2-2, 30-7 <0-01
(during pregnancy) (234) Medically recorded 1-4 0-7, 2-7 0(29

Leukaemias Reported at interview 7-3 1-9, 28-3 <0-01
(171) Medically recorded 2-0 1 -0, 4-0) 0-06

Barbiturates (in labour) Leukaemiai/lymphoma Medically recorded 5-5 1-7, 18-1 <0-1)1
(234)

Leukaemias Medically recorded 3-0 0-6, 16-9 0-2(0
(171)

Lymphomas Medically recorded 10-8 1-8, 63-2 <0-01
(63)
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282 McKinney, Cartwright, Saiu, et al

For medically recorded ingestion of narcotic anal-
gesics 15 case children exposed in utero were
diagnosed, seven with common null cell acute
lymphoblastic leukaemia, seven with acute lympho-
blastic leukaemia, and one with myeloid leukaemia.
Dextropropoxyphene hydrochloride (Distalgesic)
was the commonest narcotic analgesic used and
similar reasons were given by case and control
mothers for its usage. Drugs adminisfered during
labour were recorded only from medical notes. A
significantly raised relative risk of 5.5 for barbitu-
rates in the group with leukaemia or lymphoma was
due to excessive numbers in the lymphoma sub-
group (five cases (two Hodgkin's disease, three non-
Hodgkin's lymphoma), one general practitioner
control, no hospital control; relative risk= 10-8, 95%
confidence intervals 1-8, 63-2; p<001).

In utero exposure to x rays was analysed using
data from medical notes, counting direct fetal
exposure from abdominal/pelvic x rays, and using
pelvimetry. Ninety five per cent of pelvic films taken
were in the third trimester for cases and controls.
Reasons given for the prescription of giving x rays
included suspicion of multiple pregnancy, fetal
abnormality or presentation, 'checking dates'/
determining maturity, and a single instance of
'confirmation of engaged fetal head'. The relative
risks for pelvic radiography were all greater than
unity but not significant. Stratifying the 'pelvic'
group by age at diagnosis gave seven cases, three
general practitioner controls, and two hospital
controls exposed in the group with leukaemia or
lymphoma diagnosed under 2 years of age (relative
risk=3-4, 95% confidence intervals 0 9, 12-9;
p=007). The referent category of mothers had
received no x rays of any type-for example, chest x
rays. No risk for any other age reached significance.

Illnesses in parents. The medical history of the index
child's mother and, where possible, father was
recorded at interview. Attempts were made to
confirm medically congenital abnormalities, can-
cers, and chronic diseases. The medical histories of
the fathers and mothers of the index children did not
differ significantly from those of the controls with
regard to musculoskeletal and connective tissue
disorders (ICD9 710-739), central nervous system
disorders (ICD9 320-349), mental disorders (ICD9
290-319), or respiratory system diseases (ICD9
460-519). For skin diseases (ICD9 680-709), how-
ever, significant relative risks were present within
the major diagnostic groups for both parents
(Table 4). There was only one case of both parents
of a case child having a skin condition. Medically
recorded data showed a case excess for the leukaemias
(fathers: eight cases, three general practitioner
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Aetiological factors in leukaemia and lymphoma 283

controls, one hospital control; mothers: 15 cases,

four general practitioner controls, 10 hospital con-

trols), accounted for by the common null cell and
other acute lymphoblastic leukaemia subgroups in

the fathers and mothers, respectively. Confining the
analysis to eczema/dermatitis conditions (ICD9 690-
698) resulted in a non-significant case excess for
both parents in the leukaemia or lymphoma group

(fathers: five cases, four general practitioner con-

trols, one hospital control; mothers: 11 cases, four
general practitioner controls, 12 hospital controls).
Congenital anomalies (ICD9 740-759) occurred
more often in case mothers, particularly those with
children with leukaemia (interview reports: 13
cases, two general practitioner controls, seven

hospital controls; medical records: eight cases, one

general practitioner control, three hospital controls).
Estimated relative risks are shown in Table 4. Much
of the excess was due to ICD9 757.9-mainly non-

specific birthmarks. Case control comparisons for all
diagnostic groups gave no increased risk for the
following gynaecological conditions occurring either
before or after the index pregnancy: fibroids, cysts
and polyps of the genital tract, infertility, and
menorrhagia.

Child's medical history. Details of congenital ano-

malies, chronic disease, and childhood illnesses
were obtained for the index child, but medical
confirmation was sought routinely only for major

congenital abnormalities and chronic diseases. Case
control comparisons were made for respiratory
system diseases (ICD9 460-5 19), central nervous

system disorders (ICD9 32()-349), and skin diseases
(ICD9 680-709), but large numbers of reported
conditions were of a non-specific nature. No case

control differences were evident for these conditions.

Viral diseases (ICD9 045-079, 408), comprising
chickenpox, rubella, measles, .mumps, viral menin-

gitis, and viral influenza, were recorded at interview
if the episodes occurred when the child was under 6
months of age. In the group with leukaemia or

lymphoma a significantly increased number of case

children were noted to have had viral illnesses
(Table 5). This was accounted for particularly by the
common null cell acute lymphoblastic leukaemia
and lymphoma subgroups (Table 6). No significant
differences were present for respiratory system
disorders or skin diseases diagnosed under 6 months
of age. Children with viral disease in the six months
before diagnosis were excluded from analysis. Re-
ports of early viral diseases were proportionately
distributed between the three regions that contri-
buted data.

Analysis of the total number of episodes of illness
for each child revealed that case children had an

increased frequency of diseases compared with
controls. Comparing a history of three or less
instances with four or more, risks approached and
reached significance for reported and medically
recorded data, respectively, in the group with
leukaemia or lymphoma (Table 5). The children
with leukaemia accounted for the reported excess,

with the children with lymphoma showing a signifi-
cant risk for medically recorded illness due to three
cases of non-Hodgkin's lymphoma and no controls.
On stratification by age at diagnosis (under 2 years,

2-8 years, and 9-14 years) a significant excess was

shown only in the 9-14 age group.
Table 5 also shows that for the group with

leukaemia or lymphoma and the leukaemia sub-
group, more case than control children failed to
receive their usual vaccinations (leukaemia or

lymphoma: six cases, no general practitioner

Table 5 Risk factors in index child's medical history

Risk factor D)iuignostic groupw Relititil'I 95"/,, (onti/ideci p 1 'i/it Reportedtit inlle W('it i,,
(No of c(ses) risk 1111tirvl nleilldci/ recoridedl

Viral disease* (ICD9 (045-4)79. Ieukaemia/lvmphoma (234) 4. I <().() Reportci at intcrsvics
480)) under 6 months of agc

Immunisationsi Leukacmia/lVmphoma (234) 0-3 OI 0-07 Rcported it iintcrvics
I eukaemias (171) 02- 0- 0-9 00(3 Rcportcd at intersicss
Myeloid leukacmitis (23) 0 I (0(0. 1(0 (0(0 Rcportcd at iitcrvicw
Lymphomais (63) -0 -I 1I (I0 99 Reportcd it initervicw

No of episodes of illness Leukaemia/lvmphom.i (234) i( 0 1. 2'7 (0-6 Reported it inicrsvieW
per ehildt (<4 r >4) 2-4 1. 49 0(02 Medicilts rccor(lcld

I-eukaemias (171) 1 9 .0. 3 4 (X04 Rcportc( it intcritesw
1-6 0-5, -0 (0-40 Mcdicalls rciorired

Iymphomas (63) 0.4, 3 081I ReportcL Iat nitersvieC
9.7 12.'27 (0-)3 Medicilts rccordcd

*Exeludes cases with viral diseases in the six months hefore diagnosis (and for controls pscudodiaginosis).
tExeludes cases diagnosed under I year cf age.
Exposed children are those given one or more of tetinus. diphtheria, whooping cough. smtilpox. polio. mcslscs. or triplc svacciinat]1.
+Ineludes all ICD9 coded illness, excluding eongenital anomalies.
Study protocol did not attempt to confirm viral diseasc and immunisaitions.
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284 McKinney, Cartwright, Saiu, et al

Table 6 Viral diseases occurring under 6 months of age

Case diagnosis Cell type Disease Time interval (disease to
diagnosis) (years)

Cases
Acute lymphoblastic leukaemia Common Chickenpox 5
Acute lymphoblastic leukaemia Common Chickenpox 4
Acute lymphoblastic leukaemia Common Viral meningitis 2-5
Acute lymphoblastic leukaemia Common Rubella 2-5
Acute lymphoblastic leukaemia 'Other' Measles 5-5
Myeloid leukaemia Rubella 14-5
Non-Hodgkin's lymphoma Not known Viral influenza 6
Non-Hodgkin's lymphoma Not known Measles 7-3
Non-Hodgkin's lymphoma Not known 'Bronchial'virus }

Rubella J45
Hodgkin's disease Mumps 13

General practitioner controls
Acute lymphoblastic leukaemia Common Measles 4-5

Hospital control
Acute lymphoblastic leukaemia Common Rubella 2-5
Acute lymphoblastic leukaemia 'Other' Measles 10
Acute lymphoblastic leukaemia 'Other' Chickenpox 11

Measles J1
Acute lymphoblastic leukaemia Untested Viral infection (unspecified) 3-5

Table 7 Parental occupation

Mother
No associations with textile or clothing workers, any factory related occupation, clerical or sales workers, electronic/electrical workers, or professional/
technical workers

Father

Occupations lacking major associations Possible risk occupations

Miners/quarrymen Furnacelforgelfoundry workers
Gas, coke, and chemical workers Leukaemia/lymphoma: relative risk 4-8; 95% confidence intervals 1-4, 16-5.
Electrical/electronic workers Lymphomas: 4 cases, 0 controls
Engineering
Woodworkers Textile workers
Paper and printing workers Lymphomas: relative risk 8-5; 95% confidence intervals 1-3, 55-1.
Painters and decorators Hodgkin's disease 2 cases, 1 control.
Drivers Non-Hodgkin's lymphoma 2 cases, 0 controls
Transport and communication workers
Service, sport, and recreation workers Construction workers
Administrators and managers Common acute lymphoblastic leukaemia: relative risk 2-9; 95% confidence
Professional and technical workers intervals 1.2, 7-5.
Armed forces
Farmers, foresters, and fishermen
Food, drink, and tobacco workers
Sales workers

controls, four hospital controls; leukaemia: five
cases, no general practitioner controls, two hospital
controls). Children diagnosed under 1 year of age
were excluded from these calculations.

Parental occupation. No maternal occupation, with
sufficient numbers to allow analysis, was associated
with any major risk of childhood reticuloendothelial
malignancy. Table 7 shows that there was a case
excess of fathers who were furnace/forge and
foundry workers, textile workers, and construction
workers for certain diagnostic subgroups.

Discussion

Children diagnosed with leukaemia or lymphoma
included in the IRESCC have previously been
shown to be representative of this disease group
within the UK.3 The case distribution shows a
typical age peak in the 2-8 year olds for acute
lymphoblastic leukaemia, an absence of Hodgkin's
disease in the under 2s, and overall male predomi-
nance, particularly in the lymphomas subgroup.
Roughly half of the acute lymphoblastic leukaemia
subgroup were immunologically subtyped as con-
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Aetiological factors in leukaemia and lymphoma 285

firmed common null cell type. This aspect of our
investigation was an important one, linking labora-
tory evidence of distinct disease entities with
epidemiological methods investigating aetiological
factors, an approach recommended in the light of
recent developments in laboratory techniques.8
A variety of possible risk factors for leukaemia or

lymphoma in children have previously been investi-
gated, but few clear cut associations have emerged,
an exception being in utero exposure to x rays.9 10
Our study results support these findings, specifically
showing an increased risk (relative risk 3.4) for
leukaemia or lymphoma diagnosed under 2 years of
age. Reduction of significance in the present analy-
sis compared with previous datall can be explained,
firstly, by differences in the assignment of controls.
In the original letter controls with histiocytosis X
were not excluded from the stratified analysis.
Secondly, the total number of cases with leukaemia
or lymphoma was reduced from 245 to 234 by
removal of the nine cases with histiocytosis X (six
diagnosed under 2 years) and two instances where
diagnostic review resulted in recategorisation from
the group with leukaemia or lymphoma. The results
expressed in this x ray analysis follow the stratified
format adopted throughout the paper, and although
the relative risk for x rays is still high for the group
with leukaemia or lymphoma, the smaller numbers
in the cells fail to achieve significance.
Any drug ingested during pregnancy has the

potential to cross the placenta, presenting a hazard
to the developing fetus. Firm data on carcinogenic
risks of antenatal drug use, particularly with refer-
ence to childhood leukaemia or lymphoma, are
sparse. Sedatives and hormones taken during preg-
nancy have been claimed to convey increased risk of
leukaemia12 and all childhood cancers,'3 but this
was not corroborated by our analysis. Direct com-
parison between studies is difficult as the systematic
evaluation of pharmacological drug groups in our
study used carefully defined categories14 not evident
elsewhere in the published reports. For example, it
is difficult to understand the term 'sedative'.'2 An
excess of case mothers took narcotic or opioid
analgesics (mostly Distalgesic), an association
reaching significance only for the information
given at interview and not found for 'euphoriant
analgesics' in another study. 15 Ingestion of the drug
was not allied to any particular condition, suggesting
that the drug accounts for the association. Over
reporting by case mothers could explain our observa-
tion but seems unlikely in the absence of positive
links for other drug groups. A single significant
association among multiple comparisons, however,
may well be fortuitous. A stronger link can only be
established by further testing of this new finding.

According to medical records, barbiturates were
administered during labour to more mothers of
children with lymphoma than to the mothers of the
matched controls. This association was lost when
barbiturates at any time during the index pregnancy
were examined, making them unlikely trans-
placental carcinogens.

This study gathered detailed information on the
medical history of both-parents. Analysis of ICD9
coded groups showed no case excesses in any
category except for mothers and fathers with skin
diseases, where the association was most prominent
for acute lymphoblastic leukaemia. No particular
condition was more prevalent for either parent and
it is of interest that maternal and paternal links
existed. These findings are unique and require
corroboration from other independent studies. A
Yorkshire case control study of adult leukaemia and
lymphoma found a case excess of skin disease in the
patients themselves.'6 We are unable to hypothesise
a causal explanation, although skin diseases may
well be markers of some other associated inherited
factor, such as a malfunctioning immune system.
The frequency of congenital anomalies in the
parents of children with leukaemia or lymphoma has
not been previously reported and the significant
excess of mothers, mainly in the group with
leukaemia, is of interest but as yet inexplicable.
A striking finding from our data on the leukaemia

or lymphoma group was the significant relative risk
for contracting a viral disease under the age of 6
months. The development of leukaemia or lym-
phoma has long been linked to malfunctioning
immunity, and the maturing neonatal immune
system requires time to develop active immunity in
response to antigenic stimulation, making early
exposure to disease particularly relevant. Based on
this idea we recorded all instances of infections
under the age of 6 months. No case excess was found
for any disease occurring after 6 months and the
significance of viral exposure at a younger age was
limited to the pooled leukaemia or lymphoma
group. The latent period between viral exposure and
malignancy ranged from 2*5 to 5-5 years for cases of
acute lymphoblastic leukaemia; numbers in other
groups were small, ranging from 4*5 to 14-5 years.
For acute lymphoblastic leukaemia, the minimum
gap of 2-5 years makes it unlikely that the viral
disease was expressed due to intrinsic immuno-
suppression in the preclinical phase of malignancy,
which Stewart estimated as one year. 17 The rarity of
both leukaemia or lymphoma in childhood and viral
disease under 6 months means that our risk estimates
are based on small numbers. In contrast, one study
has shown that children with leukaemia have fewer
infections in the first year of life. 18 Further conflict is
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apparent from our own data, where an excess of
case children were not immunised. Small numbers
make this apparent protective effect of immunisa-
tion an unreliable observation, although another
recent and larger study had similar findings.'9 The
role the immune system plays in haematopoietic
malignancies is unclear, and our association with
early viral disease may be independent of immune
regulation and effect malignant transformation
through another route.
The association between childhood leukaemia

or lymphoma and increased episodes of previous
illness could be explained by over reporting
by mothers of cases or under reporting by
control mothers. This, however, seems unlikely
because the case control differences are present
for both interview reports and medically recorded
conditions. Also the fact that the effect was
strongest in the 9-14 age group is evidence
against over reporting by case mothers. It was
impossible in this study to assign the excess to
one particular disease group or to determine
whether any conditions were related to a susceptible
period before diagnosis.

Parental occupation is a commonly investigated
link with childhood cancer. A recent review article
clearly showed the conflicting nature of results from
previous studies.2" Our findings gave no indication
of any risk occupations for the mother during
the index pregnancy or before conception. For
leukaemia, other studies have shown increased
risk in association with hydrocarbon and chemical
related occupational exposure during pregnancy2'
and with mothers who were pharmacists.22 Hydro-
carbon related paternal occupations have been
positively2325 or equivocally2629 linked to child-
hood leukaemia or lymphoma. Our finding of
furnace/forge and foundry workers as a risk occupa-
tion for the group with leukaemia or lymphoma was
accounted for by the lymphoma subgroup. Measure-
ments of potential carcinogenic exposure within a
working environment are generally unevaluable,
and biologically plausible links with childhood can-
cer may be tenuous. Textile workers and construc-
tion workers were weakly linked to lymphomas and
common null cell acute lymphoblastic leukaemia,
respectively, relations that are also unsupported in
previous publications.
Of broader interest is the documented increase in

risk for children with leukaemia or lymphoma of
parents in higher social classes,28 3(1 3' although our
study and some others have failed to provide
corroboration.29' World wide, childhood acute
lymphoblastic leukaemia seems to be a disease
associated with improved living standards,32
although comparisons are relative and smaller

socioeconomic differences will exist within the UK
population.

Overall, results from this major epidemiological
study have shown few aetiological factors positively
linked to childhood leukaemia or lymphoma. The
definition of diagnostic subgroups by cell type failed
to clarify the picture or identify particular risk
factors or susceptible children, but small numbers
were a significant disadvantage in the more detailed
analyses. The general lack of associations for
prenatal factors suggests that postnatal exposures
may possibly be of greater importance in the
aetiology of childhood leukaemia or lymphoma.
Possible genetic influences have not been explored
in this paper but will be addressed in more detail in
the future.
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644 Book reviews

eaich dysplasila and helpful cross references
in the index-for example. on how legs.
cone shaped vertebral bodies, or short
metacarpals. 'I'he clinical photographs,
growth charts, and comparison of x-rays
of-for example-hands or pelvis at simi-
lar Cand differino ages in different patients
emphasise the astonishing variety in each
dysplasia.

All who are puzzled by problemns of'
failure to grow or short stature will be
grateful to the authors for sharing their
long and prot'ound experience with those of
us who see but a few patients. Their Mrs
Beeton of bone dysplasia will amplify the
standard ref'erences-Spranger, Langer.
and Weidman's Boiew Dvsplasias and
Smith's Recognisable Pattern-.s in Himania
Maljornmatinon.

Alas, there is a problem. Some of the
illustrations do not show what their cap-
tions declare, particularly the infant's
skulls and lateral spines; perhaps these can
be improved in the next edition. It is a pity
too that there are no captions beneath the
introductory normal x-rays. Why no
mention oi' idiopathic bow legs under

metaphyseal dvsplasia'? Do the authors
still advise babygrams'? It would have
been helpful to have a list of conditions
diagnosable at birth.

But one likes a friend better for having
faults one can talk about; I can enthusiasti-
cally welcome this book and recommend it
to all paediatricians. A Mrs Beeton with
four eggs. a rich diet indeed but digestible.

SI1)NI.Y SMITH

Sonography of the Infant Hip: an Atlas. By
Reinhard Graf and Peter Schuler. Pp 276:
DM150 hardback. VCH Verlagsgesell-
schaft, 1986.

One of the initial troubles with ultrasound
examinations is the difficulty in endeavour-
ing to relate the images produced to
anatomy and pathology. Most find a period
of apprenticeship the easiest way to over-
come this problem. The applications of
ultrasound to that eminently suitable sub-
ject, the young child, continue to increase.

This timely publication allows one to share
the experience of pioneers of sonographic
examination of infants' hip joints.
The book is essentially a profusely illus-

trated atlas of the normal and abnormal
appearances of the hip joint, with clearly
annotated anatomical details. Introductory
chapters provide photographic illustration
of the correct positioning and scanning
techniques, with sections on instrumenta-
tion, adjustment, and documentation. The
first half of the book is essentially descrip-
tive, in which the spectrum of acetabular
dysplasia and hip dislocation is well pre-
sented. The second half of the book is
mostly concerned with the quantative
evaluation of hip sonograms, with associ-
ated angular measurements, which Dr Graf
in particular has developed.
Not all ultrasonographers would feel

inclined to use this technique or abide by
the classifications, but the qualitative value
of the illustrations in these sections remains
useful and informative, and as a practical
atlas the work can be commended.

D G SHAW

Correction

An crror occurrei-cd in the paper erntitled Actiologicail Iifctors in lcukacnia and lymvphorna'. bv McKinncv, Ciartwright. Saiu. etal. 62:279-87.
TIhrotughout this piapcr for tlhe tc-rmi commiiilon null ccll acutc lvmphohliastic lcukacnmia plesc r-cad common acutc lymphohlastic lcukaemia'.
This crror occurs only in the contcxt of this papcr.


