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UK Childhood Cancer Study

Largest case control study to test 5 main hypothesis 

(1992 – 96)

Childhood leukaemia may be caused by:

• Child’s exposure in utero or postnatally to ionising radiation

• Exposure to chemicals in utero or postnatally 

• Parental germ cell mutations resulting from exposure to 

ionising radiation/chemicals pre conception

• Exposure postnatally to extremely low frequency 

electromagnetic fields

• Rare and abnormal responses to infection.  These responses 

may be influenced by genetic factors



Hypothesis Five Caveats

1. At least some subtypes of leukaemia may follow

a) a paucity of infectious exposure in infancy

b) and late or delayed exposure shortly before onset of 

symptoms (3 – 12 months prior to diagnosis) – Greaves (1988)

2. Risk of leukaemia and lymphoma is increased in children from 

rural areas where there is marked population mixing (especially 

in previously isolated areas) – Kinlen (1988)

3. In utero infection may cause the initial genetic rearrangements –

Smith (1997)

4. There may be associated genetic factors which influence 

response to infection especially HLA Class II alleles (Taylor 

1995)



UKCCS Methods 

(BJ Cancer 2000 1073 – 1102)

• Recruitment of all children born in UK, 
diagnosed with malignancy, aged 0 – 14 years 

• Study period 1991 - 1996

(Leukaemia/Lymphoma only 1995)

(Leukaemia                             1996)

• 2 sex, age and residence area matched 
controls/case

• (Family Health Service/Health Board)



UKCCS

• 3838 cases (1461 ALL/275 AML)

7629 controls (some social bias)

• Validated/verified diagnosis (subclassification ALL)

• Structured questionnaire interview for parents (health, social, 

contacts etc)

• GP and maternity note abstraction

• EMF measurement in homes (+ 6 mo) and schools

• Adjacency to power lines/limited electric field measurements

• Household radon and gamma radiation at diagnostic home

• Pretreatment blood from cases, diagnostic marrow and 

remission samples from leukaemia and lymphoma plus some 

solid tumour cases

• No blood samples from controls



Cases Controls

Eligible 4433 11,967

Interviewed 3838 (87%) 7629 (64%)

Exclusions

Not approached 3% <1%

Not traced < 1% 5%

Refusals 10% 31%

Parental 6.2% 22%

Consultants 3% 0%

GP’s < 1% 9%

NB Controls agreeing to take part more likely to live in 
more affluent areas compared with cases and totality 
of eligible controls



Radiation

• Residential history – all houses from birth to 
diagnosis/pseudo diagnosis lived in for > 6 months

• 2 passive detectors for radon + 2 for terrestrial gamma 
radiation – 6 months

• 1 of each in main bedroom + main living room 

• Seasonality and regional analysis performed

• No evidence of any association with ALL/other tumours 
for either measures

(UKCCS Investigators BJ Cancer 2002 86: 1721 – 1731)

• This does not mean radiation does not cause cancer but it 
is not principal cause in UK children 



Electromagnetic Fields

• 3 min spot measurements in diagnostic 

(pseudo) house; bedroom, bed, pillow + 90 

mins in main room & school rooms

• If house in top 10% exposure or near 

power lines repeat recordings for 48 hours

• History of appliances collated

• I control/case (EMDEX II meters) 



EMF Results

• 2226 matched pairs studied

• Only 17 individuals (8 cases/9 controls) had higher exposures 
> 0.4 µT

• Comparing children with mean exposures >0.2 µT

Odds ratios 0.92 (.47 – 1.79) ALL

0.90 (.49 – 1.63) all leuk

0.46 (.11 – 1.86) CNS

0.97 (.46 – 2.05) Other

• Exposure to level of EMF generated in most UK homes does 
not increase or decrease risk

(Lancet 1999, 354 :  1925)



Pooled Analysis of Magnetic 

Fields
• Individual records from 9 studies including UK

• In these studies 99.2% of children with exposure 
levels of <0.4 µT had no excess risk

• 0.8% with exposures >0.4 µT had a relative risk of 
approx 2

• Not considered to be chance but some of effect may 
be due to selection bias

(Ahlbom et al BJ Cancer 2000 83(5): 692 – 698)



Residential Proximity to Power Lines

• Distance to high voltage lines (132 kv lines –

200m) (275 – 400kv – 400m) underground cables, 

substations and distribution circuits collected for 

3380 cases and 3390 controls

• No evidence that proximity to electrical 

installations or the magnetic field levels they 

produce increased risk of any childhood cancer in 

this study.

(UKCCS BR J Cancer 2000 83(11): 1573 – 80)



Chemicals

• To date no evidence from parental occupation 

exposure history of association with childhood 

leukaemia/cancer

• No evidence to support a parental smoking 

association with childhood malignancy

? Except in hepatoblastoma 

(Pang et al 2003 B J Cancer)



Perinatal/Reproductive Factors

• Correlation of clinical (GP and obstetric) and 

interview records

• 1485 cases Haem. Malig.

4864 controls

(Roman et al Eur. J Cancer 2005)



Associations

Condition Malig OR

• Severe hyperemesis all leuk 3.6 (1.3 – 10.1)

• Polyhydramnios AML 4.0 (1.5 – 10.3)

• Anaemia (Hb <10) AML 2.6 (1.7 – 4.1)

• Pre-eclampsia NHL 1.7 (1.1 – 2.7)

• B wt >4Kg all leuk 1.2 (1 – 1.4)

(as for siblings)

• Previous molar pregnancy B cell 5.2 (1.9 – 14.7)

precursor 

ALL



Previous Molar Pregnancy

(Schuz J et al BJC 2007)

• Using Danish national hospital Registry 
identification of all molar pregnancies     
1977 – 2005

• Using Cancer registry identified cancers 
up to age 20 years

• 3431 had at least 1 molar pregnancy 
among 6896 live births

• 20 cases of cancer – 40% nonsignificant
increased risk (OR 1.4 CI 0.86 – 2.16)



Putting it into context

• Overall risk in UKCCS 2.5 (5.2 for 

leukaemia) higher than Danish study

• Attributable risk – moles occur in about 

0.3% of pregnancies so at worst could 

explain 0.1% of cancers in childhood 



Vitamin K

• Golding et al (BMJ 1992 305: 341 – 46) reported a 
possible connection between neonatal Vitamin K and 
childhood malignancy

• In UKCCS we studied 

2530 cases (1184 Leuk)

4487 controls

• No association between ALL or any cancer and IM (or 
oral) Vitamin K administration (Br J Cancer 2003 89: 
1228)

• We did highlight very poor recording of 

(1)        administration of Vitamin K

(2)        Unit policies

e.g only 39% of cases/42% of controls had any records of 
IM Vitamin K (Br J Midwifery 2004 12, 38 – 41)



UKCCS – Biological Studies I

NQ01

• Converts DNA damaging quinones to stable forms 

• Anti-oxidant, free radical scavenger 

• Stabilises p 53

• Relevant chemicals with quinone moieties; Topo 2 

inhibitors/anthracyclines, benzene, smoke, 

flavonoids, oestrogens etc

• Polymorphic variants with zero or low function 

BP 609 (C-T) – variable worldwide frequency 

465 (C-T) – low function



NQ01 + TOPO – 2 Inhibitors

• Diet high in TOPO-2 inhibitors may increase risk 

of infant AML (not ALL) Ross et al (1996)

• Naturally occurring topo 2 inhibitors cross the 

placenta (Schroder van der Elst 1998)

• Such bioflavonoids do induce MLL cleavage in 

cell lines (Strick, Ng, Felix)

• Rapid reversibility of cleavable complex when 

biofavonoids removed

• Is repair capacity crucial in vivo?



Infant Leukaemia

• Maternal carriage of 609 C-T associated with 

MLL/AF4 leukaemia OR 8.69 (2.32 – 33.48) 

p<.0001 (Wiemels et al Cancer Res 1999)

• Confirmed in 3 studies, not in 4th

• 465 C-T (but not 609 C-T) in 5th study

OR 6.36 (p = .002) 

• More investigation required



UKCCS – Biological Studies 2

• Low function MTHFR enzymes lead to 

enhanced thymidine pools, more free 

folate and better quality DNA synthesis

• Do they protect against leukaemia with 

DNA rearrangements?



MTHFR

• 253 ALL (200 newborn controls) tested for 
polymorphisms at nucleotides 

677 (C-T) and 1298 (A-C)

• Carriers of C677T protected against infant ALL with 
MLL translocations (n = 37) 

OR .36 (0.15 – 0.85) p = 0.017

• Carriers of A1298C and C677T protective against 
hyperdiploidy ALL (n = 138 OR .31 p = .01 and 
TEL/AML1 OR.58 p = .05



MTHFR

• More research required

• But different alleles may play different roles in folate

and one-carbon metabolic pathways

• Different subgroups of ALL clearly have different 

aetiologies

• Does folate play a part in aetiology?

• Would preconception folate ingestion decrease the 

risk of developing ALL by reducing the risk of 

translocations?

(Wiemels et al PNAS 2001 98: 4004 – 9)



Infection and Leukaemia

• In this and other epidemiology studies we 

are mostly looking at proxies for infection 

exposure and immune functioning

• UKCCS studied breast feeding, day care 

attendance, population mixing, paternal 

social contact, immune response genes 

and relationship to atopy



Epidemiological Evidence – Infection 

Breastfeeding

• Breastfeeding

Passive immunity

Antigen transfer/close contact

• In study weak evidence of protection for acute leukaemia.  OR 
0.89 (CI .8 – 1.0 p = .06)

• NB Control mothers less deprived more likely to breastfeed

• Other studies

5 significant decreased risk

5 NS decreased risk

5 NS increased risk

(UKCCS Investigators B J Cancer 2001 85: 1685 – 94)



Day Care in Infancy

• Early day care attendance/social contact in 1st

year of life as proxy for potential exposure to 
infection in infancy

• 3140 cases (1286 with ALL)

6305 controls

• Exposures (1) any social contact (at least 1/week)

(2) regular day care outside home

(3) formal day care facility with > 4          
children for >2 sessions/week



Day Care Attendance
• Compared with children reported to have no regular 

activity outside

• For ALL Any contact OR 0.73 (.62 - .87)

Regular contact OR .62 (.51 - .75)

Formal day care OR 0.48 (.37 - .62)

p value for trend <0.001

• If we use non ALL cancer cases as reference only 
significant for formal day care OR 0.74 (.57 - .97 p = .03)

especially if during first 3 months OR .52 (.33 - .84 p = 
.007) 

(Gilham et al BMJ 2005)



Day Care Attendance

• Support for hypothesis that reduced early 
exposure to infection may increase risk of 
ALL development

• In this study for ALL number of siblings in 
family did not influence risk but higher 
proportion of those with siblings started day 
care early

• These findings confirm Ma et al’s earlier 
Californian study (BJ Cancer 2002 1419 – 24)



Day Care Attendance

• Risk reduction occurred for ALL, cALL, 
hyperdiploid ALL

• For TEL/AML1 ALL O.R. only significant for social 
activity

• There is preliminary evidence that social activity and 
day care maybe also protective for at least some non 
ALL malignancies

• There was a protective effect of having > 3 siblings 
for non ALL malignancies

• Clearly overview analyses of all studies + further 
UKCCS analysis is appropriate



Population Mixing

(Kinlen)

• Marked influxes of population into isolated 

areas are followed by transiently increased 

rates of childhood leukaemia as a result of 

exposure to one or a small number of 

leukaemogenic agents, probably viruses.

• So far in this study we have not identified any 

such marked population influxes



Social Contact: role of paternal 

occupation

• Paternal occupation has been used as a proxy 

for potential exposure to infections (bringing 

into the home)

• Analysis of jobs by high (20%), medium (8%), 

and low (71%) social contact did not show any 

effect in this study.

(Fear N et al)



HLA Class II Studies 3

• Preliminary evidence from a small Manchester series (Taylor 

et al 1995) was confirmed in the UKCCS

• Carriage of the DPB1*0201 allele (and other HLA Class II 

DPB alleles with the same peptide binding pockets) increases 

susceptibility to develop common ALL (RR1.76) and T ALL 

(RR 1.93)

• Other alleles eg DPB1*0101 may afford protection

• These alleles influence the immune response to antigens

• This does support the idea that for some childhood leukaemias 

it is the response to infection/antigen exposure which 

promotes/protects against the leukaemia

(Taylor et al Human Molecular genetics 2002 11: 1585 – 97)



Risk of ALL and allergy/eczema

• In a study of 839 cases (720 ALL cALL 538) + 1337 
controls

• Those with history of eczema/clinical allergy (eg hay 
fever) had a 30% decreased risk of developing ALL

ALL OR 0.7 (0.51 – 0.97)

cALL 0.68 (.48 – 0.98)

• Providing evidence of dysregulated immune response 
connection to ALL

• There was poor correlation between primary care 
records and parental recall 

(Hughes et al Int. J. Ca. 2007)



Allergy/Eczema

• Using 1782 controls from UKCCS those 

children <2 years with eczema had more 

prior infections than those without         

(OR 1.26; 1.18 – 1.36)

• Only in second and higher birth order 

children

• 1st borns more likely to have eczema

(Hughes et al Am.J.Epid. 2008)



Other UK Studies During  UKCCS 

(1)

• Greaves et al have demonstrated pre-
natal origin of the first genetic events 
within critical heamopoeitic cells in many 
forms of leukaemia of childhood

• But also that to convert a preleukaemic
clone into overt leukaemia requires other 
post-natal promotional exposures that 
facilitate the acquisition of ‘essential’
secondary mutations



Infection Agents

• No genome sequences of polyoma viruses, JC, Bk

and Simian virus 40 in cALL cells (Smith et al MPO 

1999) Mackenzie et al BJC 1999)

• No lymphotropic or novel herpes virus genomic 

inclusions found in 2 series of cALL leukaemic 

samples (Mackenzie et al Leukaemia 2001)

• To date no convincing evidence of a transforming 

virus is associated with precursor B cell ALL



The steps needed for leukaemia 

development

• Oncogenic transformation of cells (do they 

arise by chance as part of repair?)

• Immortalisation of cell

• Proliferative stimuli (?cytokine related) 

(?do these arise from response to 

infection)

• In short a stepwise, multifactorial process



UKCCS Findings

Negative Positive
Radiation Early Day Care (protective)

EMF HLA Class II alleles

Power lines Low function MTHFR      
(protective)

Parental smoking Metabolising enzymes 
(NQ01)

Parental occupation

(chemicals + Social Contact)

Vitamin K 

Population mixing (Urban)



UKCCS - Most Convincing Findings

• Protective impact of early day care 

attendance (proxy for early infection 

exposure)

• HLA (DP) linkage (protection and risk)

• Reciprocity with allergy/eczema



Aetiology of Childhood Leukaemia

• Epidemiology may give clues

• But molecular studies are needed to test the 

hypotheses

• Low relative risks imply multiple pathways to the 

same end point

• The things we are exposed to, our metabolic 

pathways, damage recognition and repair all may 

contribute to our risk especially in childhood
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