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A B S T R A C T

Risk factors for central nervous system (CNS) tumours in children remain largely unknown.

Evidence of an inverse relationship between atopy and tumour development exists in

adults but little is known about childhood tumours. This study aims to examine the risk

of childhood CNS tumours given a history of eczema and asthma.

Cases of children diagnosed with CNS tumours (n = 575) and controls (n = 6292) from the

UK Childhood Cancer Study (UKCCS) were analysed using conditional logistic regression

comparing reported histories of allergic disease.

Asthma was statistically significantly and negatively associated with all CNS tumours

(odds ratios, OR 0.75, confidence of interval, CI95%: 0.58–0.97), though this was not observed

for eczema (OR 0.94, CI95%: 0.74–1.18). Individuals who had suffered both asthma and

eczema showed the most significant reduction in risk (OR 0.48, CI95%: 0.28–0.81). Analysis

by tumour subtype showed the strongest effect for the medulloblastoma/PNET group.

These results may have a biological explanation with raised immunosurveillance in ato-

pic individuals protecting against the development of brain tumours. Alternative explana-

tions might include bias, reverse causality or confounding.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Central nervous system (CNS) tumours comprise approxi-

mately 20% of all childhood cancers in Europe1, making them

the second most common group of childhood malignancies

after leukaemia. Pathology of childhood CNS tumours is dis-

tinct from those of adults2. Attempts to identify underlying

environmental risk factors have largely been unsuccessful

with only ionising radiation known to confer an increased

risk3. Rare genetic disorders such as neurofibromatosis I, Tur-

cot’s syndrome and Gorlin’s syndrome can also predispose
er Ltd. All rights reserved

; fax: +44 1133434877.
k (P.A. McKinney).
children to CNS tumours, but have been observed in less than

5% of cases4,5.

Atopy is allergic hypersensitivity stemming from the over-

production of IgE antibodies, typically associated with a Th2

response against common environmental allergens, resulting

from an imbalance between the Th1 and the Th2 driven im-

mune responses6. Atopy has a complex genetic component
7 and is also influenced by environmental exposures8.

Atopic individuals are at increased risk of allergic diseases

such as asthma, eczema and allergic rhinitis (hay fever), any

or all of which can be indicators of atopic dysfunction. The
.
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prevalence of asthma 9, eczema and allergic rhinitis10 has in-

creased in developed countries in recent years, with the UK

consistently found to have among the highest levels world-

wide9–11. The reasons behind this relatively recent trend are

not fully understood, though the hygiene hypothesis has

some support12. This proposes that lower levels of microbial

and viral exposure early in life are responsible for the increase

in prevalence of allergic disease.

Possible links between atopy and cancer have been widely

investigated 13. Consistent negative associations have been

observed with adult brain tumours14–20. Decreased risk of

neuroblastoma in children has also been associated with ato-

py, although results did not attain significance21. However,

there is a lack of published studies addressing the issue of

atopy and the risk of childhood CNS tumours, the present

study seeks to address this by utilising data from the UK

Childhood Cancer Study (UKCCS).

2. Patients and methods

The UKCCS is a population-based case–control study set up

with the aim of identifying risk factors for childhood cancer.

Full details are described elsewhere22. Briefly, UK children

diagnosed with cancer before 15 years of age were eligible

for the study, which recruited subjects from 1991 to 1994 in

Scotland and 1992–1996 in England and Wales. Following his-

topathological review CNS tumours were categorised into

subgroups according to ICD-O morphology codes22; details

are in Table 1.

Two controls were selected at random for each case from

health authorities (England and Wales) or health boards (Scot-

land), individually matched by birth month/year and region.

Non-participating controls were replaced until 2 controls

were interviewed. A discussion of deprivation and participa-

tion in the study is provided by Law and colleagues23.

Data were collected from personal interviews of mothers

using the same pro forma for cases and controls. Mothers
Table 1 – Distribution of CNS tumour subgroups by age and se

Diagnosis age (years)

<2 P2

Controls 1306 6292

All CNS tumours 108 575

Glioma 39 326

Pilocytic astrocytomaa 18 150

Medulloblastoma/PNETb 31 132

Epyndymoma 17 52

Other CNS tumours 21 65

ICD-O morphology (M) codes for subgroups

Glioma

Pilocytic astrocytoma

Medulloblastoma/PNET

Epyndymoma

Other CNS tumours

Central nervous system tumours are represented in the topography code

a Subgroup of glioma.

b Primitive neuroectodermal tumours.
reported the history of their child’s allergic disease as part

of a questionnaire including medical history of the index

child, maternal obstetric history, and social contact history.

The following definitions of allergic disease were used as

explanatory variables:

(1) Asthma: The first version of the questionnaire (January

1992) included a single question on asthma ‘Has (name)

ever had asthma/wheezy bronchitis?’ and no questions

regarding eczema.The revised (January 1993) question-

naire incorporated a new section on allergic disease

replacing the single asthma question. This included

‘Has your child ever had asthma?’ the response to this

question in addition to the response to the single ques-

tion in the first questionnaire provided the indicator

variable for asthma in our analysis.

(2) Wheezing: The revised questionnaire also introduced

detailed questions on wheezing: ‘Has your child ever

had wheezing or whistling in the chest at any time?’

with further questions regarding the detail of wheez-

ing if a positive answer was given. This question was

asked alongside the asthma question discussed above.

Responses were combined and categorised into three

groups according to wheeze severity: none, mild/mod-

erate and severe. Individuals were assigned a numeri-

cal score based on answers given to the additional

questions if parents reported wheezing or whistling

in the chest. Children reported by their mothers to

have wheezed (yes/no) were given an initial score of

1, and scores were added as follows; the number of

attacks suffered in the 12 months following wheeze

onset (0 = 0, 1–3 = 1, 4+ = 2) and whether or not the

individual had ever suffered limitation of speech or

sleep disturbance (both no = 0, yes = 1). The final range

of scores was therefore 0–5. Approximately, one-

third of individuals reported to have wheezed had

scores of 4 or 5 (485/1463 controls and 33/94 cases),
x

Sex (P2 years only) % of tumours in study

Male (%) Female (%)

3566 (56.7) 2726 (43.3) –

287 (49.9) 288 (50.1) 100

150 (46.0) 176 (54.0) 56.7

69 (46.0) 81 (54.0) 26.1

76 (57.6) 56 (42.4) 23.0

29 (55.8) 23 (44.2) 9.0

32 (49.2) 33 (50.8) 11.3

9380-1, 9400-60, 9382, 9384, 9841

9421/3

9470-80

9383, 9390-4

Other morphology not listed above in topography C70–C72

(excluding germ cell tumours)

s C70–C72.
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these individuals comprise the ‘severe wheeze’ group,

and individuals with scores of 1–3 make up the ‘mild/

moderate’ group.

(3) Eczema: ‘Has your child ever had eczema?’ the yes/no

response to this question was used as the explanatory

indicator variable for eczema and was present in the

revised questionnaire only.

(4) Early onset flexural rash: A separate group of questions

concerning history and severity of any persistent rash

were also included. A variable describing the presence

of early onset flexural rash was defined as an additional

explanatory variable. This was based on published cri-

teria24 shown to be a good indicator of atopic eczema
25; using answers given in the questionnaire indicating

the presence of itchy rash with a history of flexural

involvement and onset before 2 years of age.

Both mothers and fathers were interviewed about their

own medical history (including asthma), employment history,

residential history and social habits. Parental history of asth-

ma was also used as an indicator variable, defined as either

parent reporting developing asthma before 14 years of age.

If data were unavailable for either parent, the value was re-

corded as missing.

For a subset of the children, data were available from pri-

mary care (general practice (GP)) records from 3 UKCCS re-

gions. Data describing whether the child’s medical notes

contained a GP diagnosis of asthma, were available for 169

cases (29.2%) and 1543 controls (24.5%). These data were not

therefore subject to parental recall bias.

Linear regression analyses were carried out to investigate

any potential confounding effect of deprivation. This was

defined using Townsend deprivation score (5 categories)26

derived from the residential address at the time of diagnosis

(cases) or the date on which the matched control child

reached the same age as the case at tumour diagnosis (pseu-

do-diagnosis).

Estimates of odds ratios (OR) and 95% confidence intervals

(CI) were obtained using logistic regression. Although cases

were individually matched with controls, unconditional logis-

tic regression is generally used in UKCCS studies to maximise

power by utilising all available controls27,28. Here, however,

conditional logistic regression was used to eliminate any po-

tential effect of age differentiated recall bias. Individuals were

stratified according to 1 year age categories, sex and region.

Analyses were adjusted for Townsend deprivation category.

Analyses were carried out for all CNS tumours and by the

diagnostic groups glioma, pilocytic astrocytoma and PNET.

Numbers were insufficient to analyse ependymoma and

‘other CNS tumours’ separately. A separate analysis of tu-

mours more typically observed in adults, such as non-pilocy-

tic astrocytomas and other gliomas was carried out to

facilitate comparison with the existing literature regarding

atopy and adult glioma. These were defined as tumours with

ICD-O M codes 9380–9390, 9400–9420, 9423–9460, 9474–9480

with an associated CNS topography code (C70-72).

Children diagnosed with a tumour under the age of 2 and

their matched controls were excluded to minimise potential

bias arising from children diagnosed with CNS tumours early
in life having less opportunity to be diagnosed with asthma or

eczema.

3. Results

There were 683 CNS cases and 7598 controls available. The

participation rate was 82% for cases and 64% for controls.

Children under the age of 2 years at diagnosis or diagnosis

of their matched case were excluded (n = 108 cases, 1306 con-

trols). Demographic information on cases and controls is gi-

ven in Table 1.

Of the remaining 575 cases, 90 (15.7%) completed the Jan-

uary 1992 questionnaire, as did 474 (7.5%) of the 6292 controls

before the revised January 1993 version was introduced. Con-

sequently, information regarding eczema, rash and wheezing

was not asked of these individuals (see Table 2).

The smaller proportion of controls completing the initial

questionnaire is explained by the average interval from

(pseudo)diagnosis to interview being 6 months for cases and

14 months for controls.

Control parents (17.3%) reported that their child ever hav-

ing asthma, and 25.1% reporting ever wheezing or having

whistling in the chest. Eczema was reported by 23.5% of con-

trol parents, 18.0% reported their child ever suffering from an

itchy rash, and 10.4% early onset flexural rash. There was no

evidence to suggest differential reporting of asthma between

control parents completing the original and revised question-

naires (16.3% versus 17.7%, t-test, p = 0.44).

A strong positive association was present between the re-

ported presence of asthma and eczema within a child (v2 test,

p < 0.001), supporting a common atopic background of the

disease. Linear regression analyses showed that children

from more deprived areas were more likely to suffer from

asthma (p = 0.022) and wheeze (p < 0.001), but less likely to

suffer from eczema (p < 0.001) and itchy rash (p < 0.001).

Reporting of asthma increased with the age of the index

child in both male and female controls. Overall prevalence

amongst males was 20.1% compared to 14.4% in females.

The proportion of controls reporting ever having eczema

and itchy rash declined with the age of the index child (linear

regression; b = –0.008 p < 0.001, b = –0.005 p < 0.001) suggesting

a bias in reporting by the age of the child. To adjust for this

potential bias, the analyses were stratified by age categories.

The odds ratio of diagnosis of a CNS tumour was signifi-

cantly reduced in individuals reported to have ever had asth-

ma (OR 0.75, CI95%: 0.58–0.97). Moderate and severe wheeze

were both associated with reduced odds ratios; this reached

significance for moderate wheeze (OR 0.72, CI95%: 0.55–0.97),

but not severe wheeze (OR 0.77, CI95%: 0.53–1.13).

However, no significant inverse association was found be-

tween CNS tumours and eczema (OR 0.94, CI95%: 0.74–1.18), or

having early onset flexural rash (OR 0.95, CI95%: 0.68–1.34).

Reporting of both asthma and eczema showed a very

strong negative association with CNS tumours (OR 0.48,

CI95%: 0.29–0.81).

Odds ratios for the risk of CNS tumours in relation to aller-

gic disorders tended to be more strongly reduced in females

than males, however none of the interaction terms were

significant.



Table 2 – Relation of parental reported allergic disease to the risk of CNS tumours

Exposure Controls All CNS tumours Glioma PNET/medulloblast ma Pilocytic astrocytomaa

n % n % OR n % OR n % R n %

Asthma

Yes 1089 17.3 80 13.9 0.75 (0.58–0.97)* 52 16.0 0.90 (0.66–1.23) 11 8.3 0.43 (0 3–0.81)** 24 16.0 0.96 (0.61–1.51)

No 5084 80.8 486 84.5 1.00 269 82.5 1.00 119 90.2 1.00 124 82.7 1.00

Unknown 119 1.9 9 1.6 5 1.5 2 1.5 2 1.3

Not asked 0 0 0 0 0

Wheezing

Severe 485 8.3 33 6.8 0.77 (0.53–1.13) 16 5.8 0.71 (0.42–1.2) 7 6.3 0.68 (0 1–1.50) 9 7.3 0.91 (0.45–1.84)

Moderate 978 16.8 61 12.6 0.72 (0.55–0.97)* 39 14.2 0.86 (0.61–1.23) 13 11.6 0.65 (0 5–1.14) 13 10.5 0.63 (0.35–1.13)

None 4179 71.8 371 76.5 1.00 207 75.5 1.00 86 76.8 1.00 95 76.6 1.00

Unknown 176 3.0 20 4.1 12 4.4 6 5.4 7 5.6

Not asked 474 90 52 20 26

Eczema

Yes 1368 23.5 105 21.6 0.94 (0.74–1.18) 55 20.1 0.89 (0.65–1.21) 26 23.2 0.95 (0 0–1.50) 25 20.2 0.90 (0.57–1.42)

No 4378 75.2 375 77.3 1.00 215 78.5 1.00 86 76.8 1.00 97 78.2 1.00

Unknown 72 1.2 5 1.0 4 1.5 0 0.0 2 1.6

Not asked 474 90 52 20 26

Early onset flexural rash

Yes 604 10.4 42 8.7 0.95 (0.68–1.34) 27 9.9 1.17 (0.77–1.79) 10 8.9 0.96 (0 9–1.88) 14 11.3 1.35 (0.75–2.42)

No 5160 88.7 435 89.7 1.00 243 88.7 1.00 99 88.4 1.00 109 87.9 1.00

Unknown 56 1.0 8 1.6 4 1.5 3 2.7 1 0.8

Not asked 474 90 52 20 26

Either asthma or eczema

Yes 2045 34.7 163 32.9 0.92 (0.75–1.13) 94 33.3 0.98 (0.75–1.27) 34 30.1 0.76 (0 0–1.16) 46 35.4 1.09 (0.75–1.59)

No 3705 62.9 325 65.5 1.00 183 64.9 1.00 78 69.0 1.00 81 62.3 1.00

Unknown 136 2.3 8 1.6 5 1.8 1 0.9 3 2.3

Not asked 474 90 52 20 26

Both asthma and eczema

Yes 397 6.8 16 3.3 0.48 (0.28–0.81)** 1.0 3.6 0.55 (0.28–1.06) 2 1.8 0.27 (0 6–1.12)* 2 1.6 0.25 (0.06–1.03)*

No 5246 90.1 456 93.8 1.00 255 93.1 1.00 108 96.4 1.00 118 95.2 1.00

Unknown 180 3.1 14 2.9 9 3.3 2 1.8 4 3.2

Not asked 474 90 52 20 26

Conditional logistic regression, stratified by age (1 year categories), sex and region. All analyses adjusted for Townsend deprivation category (qui iles).

a Subgroup of glioma.

* p < 0.05.

** p < 0.01.
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6.9% of cases and 7.5% of controls reported one or both

parents being diagnosed with asthma in childhood. There

was no evidence to suggest that a parental history of asthma

is associated with CNS tumours. (OR 0.93, CI95%: 0.64–1.37).

The risk of brain tumours between allergic (i.e. those with re-

ported asthma or eczema) subjects with a history of parental

asthma compared to those without was slightly reduced (OR

0.60, CI95%: 0.30–1.19). However, the subgroups were relatively

small.

Asthma data based on extracted GP notes were not signif-

icantly associated with CNS tumours (OR 1.20, CI95%: 0.74–

1.94). Interestingly, when looking at parental reported

asthma, the same cases and controls provide a reduced odds

ratio (OR 0.77, CI95%: 0.49–1.21). This may indicate bias in the

dataset.

Although there was no statistically significant heterogene-

ity in allergy risk between diagnostic subgroups, primitive

neuroectodermal tumours showed substantially stronger

negative associations with asthma, wheezing, and atopy than

astrocytic tumours.

‘Adult’ type tumours made up 176 of 575 cases (30.6%). The

odds ratio of developing an ‘Adult’ type tumour was non-sig-

nificantly reduced in individuals reported to have suffered

from asthma (OR 0.86, CI95%: 0.56–1.31), severe wheeze (OR

0.55, CI95%: 0.25–1.20), eczema (OR 0.89, CI95%: 0.58–1.35), and

both asthma and eczema (OR 0.80, CI95%: 0.38–1.68). Margin-

ally increased odds ratios were observed for moderate wheeze

(OR 1.07, CI95%: 0.69–1.67) and early onset flexural rash (OR

1.05, CI95%: 0.58–1.91).

Conditional matched analyses were repeated using only

controls individually matched to CNS cases (n = 1143), and

similar results were observed.

4. Discussion

The results from our study find that the risk of developing a

CNS tumour of any type is significantly reduced in children

reported to have suffered from asthma or both asthma and

eczema. The associations are strongly driven by findings

for the PNET subgroup of tumours, despite the small num-

bers. To our knowledge, this is the first report of inverse

associations between CNS tumours and allergies in children.

Similar findings have been reported for adult onset brain

tumours14–20,29; although in adults the most common types

are high grade astrocytoma/glioblastoma and meningioma,

which are rare in children. Tumour histologies typically ob-

served in adults such as non-pilocytic astrocytomas and

other gliomas within the UKCCS also displayed reduced odds

ratios associated with allergies providing no evidence for

heterogeneity of risk.

Various forms of wheeze in children may be reported as

asthma30 and this contributes to uncertainty in the data.

The presence of allergy-associated disease is not a wholly

accurate indicator of atopic dysfunction31, and the difficulty

of separating atopic and non-atopic skin disease may account

for the lack of any observed association between eczema/

early onset flexural rash and CNS tumours. A standard defini-

tion for atopic forms of both asthma and eczema would

greatly improve future studies. The lack of a dose–response

effect for the wheeze severity variable is a potential concern;
however, wheeze severity may not necessarily be a good indi-

cator of atopic asthma30.

Reporting of asthma increased with the age of the index

child at diagnosis in both males and females as would be ex-

pected. Asthma is known to have a gender specific preva-

lence32; males are more likely to exhibit symptoms up to 15

years of age, but females display a higher prevalence of asth-

ma into adulthood. Our data are consistent with this observed

male excess. Direct comparison of asthma prevalence data

are not straightforward due to the use of different definitions.

However, data from our study are similar to the results of

other studies that have attempted to estimate the prevalence

of asthma in the UK11,33.

The decline with age in the proportion of controls for

whom eczema is reported is potentially explained by less

accurate reporting from mothers of older children where

the recall time from event to report is longer. Two observa-

tions though lend validity to the data: there was no discern-

able gender difference in the distribution of eczema and

rash, consistent with the literature32, and the reported preva-

lence is comparable with other studies33,34.

The interval between the date of (pseudo)diagnosis and

interview was slightly longer for controls than cases and

questions about asthma and eczema were phrased as ‘ever’

having disease. This phrasing may have led to higher preva-

lence rates of reported allergic conditions amongst controls

if they had developed over these additional months. As re-

duced risks were only seen for asthma and not eczema and

both questions were phrased in this way it is unlikely to fully

explain the findings.

Our results are compatible with the published literature on

adult brain tumours; a negative association between allergic

disease and primary brain tumours in adults has been consis-

tently identified by case control studies based on self-

reported allergy history14–18,20,29. Wiemels 29 showed that

the levels of food and respiratory allergen specific IgE are low-

er in glioma patients than controls, though reverse causality

cannot be excluded. However, a cohort study by Schwartz-

baum and colleagues35 failed to find a significant association

between primary brain tumours and allergic disease based on

data from the Swedish twin registry, but included only 79 gli-

oma and 67 meningioma cases with poor detail of allergic dis-

ease. A later study by Schwartzbaum and colleagues36

reported an inverse relationship between polymorphisms in

known asthma-related genes and glioblastoma multiforme.

Menegaux and colleagues21 also reported a non-significant

inverse association between neuroblastoma and allergic

disorders, although any similarities in aetiology are unclear.

In all case–control studies where parental questionnaires

are used to collect information about risk factors, recall bias

is a potential concern. Asthma and eczema are persistent

conditions representing a significant impact on lifestyle and

therefore are potentially more likely to be reported accurately.

Results based on GP records were inconsistent with those

based on parental reporting for the same cases and controls.

However, GP extracts were only available for a relatively small

subset of individuals (29.2% of cases and 24.5% of controls).

Alternatively, inconsistency may be due to pre-clinical tumour

symptoms increasing parental inclination to attend general

practice and make a GP diagnosis of asthma more likely.
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Another UKCCS study also found inconsistent results be-

tween parental reporting of allergies and primary care data

in leukaemia patients28. However, data based on one time

GP diagnosis are not likely to be significantly better than

parental recall at identifying atopic asthma due to the some-

times transient nature of asthma symptoms.

The UKCCS is subject to participation bias23; participating

controls lived in more affluent areas, and displayed a lower

deprivation index than first choice controls and their

matched cases. Preliminary analysis indicated that depriva-

tion is strongly associated with reporting of asthma, wheez-

ing, eczema and rash. Deprivation is potentially a proxy for

several factors that may influence CNS tumour risk or the

prevalence of allergic disease; therefore models were adjusted

for deprivation. However, it is possible that some confounding

influence may remain. This is especially true of the wheezing

severity variable where environmental tobacco smoke is

likely to be a potential confounder.

Numerous studies have cited the immune surveillance

hypothesis37,38 as a possible cause of the observed negative

association between brain tumours and allergic disease. This

hypothesis proposes that the immune system plays an impor-

tant role in tumour prevention, by eliminating abnormal cells

before they undergo malignant transformation. It is perceived

that a hypersensitive immune system, as observed in atopic

individuals may be better equipped to purge nascent tumour

cells17. Although the brain is commonly held to be immune

privileged, immune cells have been shown to protect against

tumours beyond the blood–brain barrier39, though the re-

sponse differs from other sites in the body. However, tumour

immunology is poorly understood, especially in the brain, and

no empirical evidence exists to suggest that atopic individu-

als have a more effective response against brain tumours.

Reverse causality is also a potential explanation for the ob-

served results. Brain tumours are known to have a significant

systemic effect on the immune system in adults40,41. Both

these studies measured an increase in IL-10 production and

a down-regulation of IL-12 production in brain tumour pa-

tients and similar immunological shifts towards a Th2 re-

sponse have been shown to occur in response to helminth

infection 42. It is well established that helminth infection

has a protective effect against allergy43,44 and can also result

in the attenuation of asthma45 and brain tumours may sup-

press allergy by a similar mechanism, though further investi-

gation is required.

It is possible that there is a confounding third factor that

influences the risk of both atopy and CNS tumours. Recent

epidemiological studies have implied that childhood CNS tu-

mours may have an infectious aetiology 46–48. These studies

have suggested that children who are exposed to high levels

of infection are at greater risk of CNS tumours. Atopy has a

significant environmental component; and is thought to be

associated with lack of exposure to infection in early child-

hood49. High levels of infectious exposure early in life may in-

crease the risk of CNS tumours, whilst reducing that of atopy,

thus explaining the observed association.

In conclusion, the study demonstrates a possible protec-

tive effect of asthma for childhood brain tumours, either

alone or also in the presence of eczema. Although, in com-

mon with all case–control interview studies recall bias, re-
verse causality or confounding may have influenced the

findings, the results are sufficiently strong to merit further

investigation. New targeted, purpose-designed studies that

explore the role of atopy in aetiology of childhood brain tu-

mours are warranted.
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