



HO Dickinson and L Parker

North of England Children’s Cancer Research Unit, Department of Child Health, University of Newcastle, Royal Victoria Infirmary, Queen Victoria Road,
Newcastle upon Tyne NE1 4LP, UK

Summary A statistical model was developed based on Poisson regression of incidence of childhood leukaemia and non-Hodgkin’s lymphoma
(NHL) in relation to population mixing among all 119 539 children born 1969–1989 to mothers living in Cumbria, north-west England,
(excluding Seascale). This model was used to predict the number of cases in Seascale (the village adjacent to the Sellafield nuclear
installation) children, born 1950–1989 and diagnosed before 1993. After allowing for age, the incidence of acute lymphoblastic leukaemia
(ALL) and NHL was significantly higher among children born in areas with the highest levels of population mixing, relative risk (RR) = 11.7
(95% confidence interval (CI) 3.2–43) and was highest among children of incomers. The model predicted up to 3.0 (95% CI 1.3–6.0) cases of
ALL/NHL in children born in Seascale compared to six observed and 2.0 (95% CI 1.0–3.4) cases in children resident, but not born, in
Seascale compared to two observed. Population mixing is a significant risk factor for ALL/NHL, especially in young children, accounting for
over 50% of cases in Cumbria and most cases in Seascale.
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Table 1 Cases and age at diagnosis, among children born in Cumbria 1969–1989, diagnosed age 1–14 years, before the end of 1992

Diagnosis Diagnostic Age at diagnosis
group (Birch
and Marsden,

1987) 1–6 years 7–14 years Total

Common ALL (cALL) Ia 32 8 40
Definitely cALLa 30 8 38
Probably cALLb 2 0 2

Other ALL 8 (1) 5 13 (1)
ALL, subtype unknownc 3 (1) 1 4 (1)
ALL, Definitely not cALLd 5 4 9

Other leukaemias I b, c, d 3 (1) 4 (1) 7 (2)
Non-Hodgkin’s lymphoma (NHL) II 4 4 (1) 8 (1)
Total (leukaemia and NHL) 47 (2) 21 (2) 68 (4)
Solid tumours III, V–XIII 56 (23) 32 (12) 88 (35)
Person-years at risk 661,417 587,791 1,249,208

The number of cases where diagnostic tissue was not available is indicated in brackets. aExpressed the cALL antigen and negative for
T-cell markers. bNegative for T-cell markers and mature B-cell features. cNo immunophenotypic data. d‘Null’ or T-cell ALL.

Table 2 Community characteristics, describing each ward for each time period

Variable Source of data Derived from:

(a) Population mixing Cumbrian birth cohort Proportion of parents (whose place of birth was known) who
were born outside Cumbria

(b) Proportion of child 1981 census data (for births 1969–1983) Proportion of childhood population (age 0–15 years) not resident
movers 1981, 1991 census data (averaged for at that address one year before the census

births 1984–1989)
(c) Parental diversity Cumbrian birth cohort Diversity of counties of origin of non-Cumbrian born parents

(whose place of birth was known) (Stiller and Boyle, 1996;
Shannon, 1948)

(d) Social class indicator Cumbrian birth cohort Proportion of fathers (whose social class was known) who were
of social class I or II

(e) Density of births Cumbrian birth cohort Number of births per km2 to mothers domiciled in ward
(f)  Proportional change in Cumbrian birth cohort Proportional change, between successive time periods, in

number of births number of births to mothers domiciled in ward
(g) Isolation Bartholomew 1:250 000 digital map data, 1996 1 = built-up area; 2 = nearby towns, villages;

(assumed to be the same 3 = isolated towns, villages; 4 = other (Alexander et al, 1990)
for all time periods)
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Table 3 Rate ratios for disease sub-groups among children born in Cumbria, 196
population movement at the individual and community level, after allowing for age

Diagnosis No. of Children of incomers
cases children of local reside

Rate (95% confidence
ratio interval)a

cALL 40 2.6 (1.3–5.1)
Other ALL 13 2.3 (0.7–7.6)
NHL 8 2.1 (0.4–0.9)
Other leukaemias 7 1.1 (0.1–9.1)
Solid tumours 88 0.9 (0.5–1.7)

aLikelihood-based confidence interval. bSignificance, P, derived from likelihood ratio
Prediction of expected number of Seascale cases
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9–1989, diagnosed age 1–14 years, before the end of 1992, in relation to

 vs Trend with community
nts population mixing

P b Rate (95% confidence P b

ratio interval)a

0.008 9.8 (2.0–49) 0.007
0.183 16.3 (1.0–259) 0.058
0.400 16.1 (0.5–551) 0.141
0.958 < 0.01 (0.0–2.2) 0.052
0.739 1.2 (0.3–4.0) 0.788

 statistic on 1 df.
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Table 4 Rate ratios for ALL/NHL (61 cases) in relation to the various explanatory variables

Rate (95% confidence P
Explanatory variable ratio interval)

Age 0.002b

1–6 years 1.0
7–14 years 0.4 (0.2–0.8)

After allowing for age:
Individual characteristics

Time period of birth 1.2 (0.9–1.5) 0.154c

Social class of child’s fathera 0.8 (0.6–1.2) 0.332c

Place of birth of parents:a 0.002b

One of both parents born inside Cumbria (local residents) 1.0
Both parents born outside Cumbria (incomers) 2.5 (1.4–4.3)

Community characteristics
Population mixing 11.7 (3.2–43) <0.001d

Proportion of child movers 1.5 (0.2–9.0) 0.683d

Social class indicator 2.9 (0.8–10) 0.105d

Density of births 0.3 (0.0–1.9) 0.173d

Proportional change in number of births 2.3 (0.3–20) 0.443d

Isolation 0.019b

Built-up area 1.0
Not a built-up area 2.0 (1.1–3.6)

Parental diversity (after allowing for population mixing) 0.6 (0.1–3.3) 0.603d

Confidence intervals were likelihood-based. aPerson-years associated with missing values were excluded. Significance, P, is derived from the Irs on 1 df and
estimates the significance of: bdifference between two categories; ctrend over four categories; dtrend with standardized continuous score (range 0–1).
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Figure 1 Observed and predicted rates of ALL/NHL in children born in Cumbria, 1969–1989, aged (A) 1–6 years, (B) 7–14 years, diagnosed before the end of
1992. Observed rates have been Lowess smoothed (Goodall, 1990). Children of incomers: Observed (a) uuuuuuuuuuuuuu, Expected ––––; Children of local residents:
Observed (b) , Expected ........
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Table 5 Summary of the final multivariate model for ALL/NHL

Estimated Observed

Rate
per

(95% No. 100 000
Rate confidence of person-

Explanatory variable ratio interval) cases years

Age
1–6 years 1.0 43 6.9
7–14 years 0.9 (0.2–3.0) 16 2.9

Place of birth of parents
One or both parents born inside Cumbria (local residents) 1.0 40 4.1
Both parents born outside Cumbria (incomers) 1.9 (1.0–3.3) 19 10.2

Community population mixing, within the age groups:
1–6 years 10.8 (1.7–50) 43 6.9
7–14 years 1.7 (0.2–12) 16 2.9

Confidence intervals were derived by bootstrapping. Person-years associated with missing values were excluded.

Table 6 Observed and expected numbers of cases of ALL/NHL in Seascale children, born 1950–89, diagnosed age 1–14 years, before the end of 1992.

Age 1–6 years Age 7–14 years Total No of cases
attributable to

population mixing

No. of (95% confidence No. of (95% confidence No. of (95% confidence No. of (95% confidence
cases interval) cases interval) cases interval) cases interval)

Children born in Seascale
Observed 6 0 6 n/a
Expecteda 2.2 (0.7–4.7) 0.4 (0.1–1.2) 2.6 (1.1–5.0) 2.3 (0.6–4.7)
Expectedb 2.5 (0.8–5.4) 0.5 (0.1–1.2) 3.0 (1.3–6.0) 2.6 (0.8–5.7)

Children resident but not born in Seascale
Observed 0 2 2 n/a
Expectedc 0.8 (0.3–1.6) 0.2 (0.1–0.5) 1.0 (0.5–2.0) 0.8 (0.0–1.7)
Expectedd 1.5 (0.6–2.8) 0.5 (0.1–0.9) 2.0 (1.0–3.4) 1.7 (0.6–3.1)

Confidence intervals were derived by bootstrapping. For parents of children born in Seascale, 1950–1968, unknown places of birth were (a) assumed to be
inside Cumbria or (b) imputed from those known. Parents of children born outside Seascale were assumed to have been (c) born inside Cumbria or (d) born
outside Cumbria.
Childhood ALL/NHL in Cumbria, excluding Seascale
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Possible mechanisms of the aetiology of ALL/NHL
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