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Abstract

We have examined space-time clustering amongst cases of lymphoma in children, aged 0-14 years, using population-based data
from the North West of England for the period 1954-2001. There was little or no evidence for space—time clustering amongst all the

lymphomas or amongst those sub-groups identified in advance.
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1. Introduction

We have previously reported significant evidence of
seasonal variation in the onset of childhood Hodgkin’s
disease, diagnosed during 1954-1996, and based on time
of first symptom [1]. The finding of seasonal variation is
consistent with an infectious aetiology. There is evi-
dence for an involvement of infections in certain lym-
phomas. Specifically, Epstein—Barr virus (EBV) has
been associated with Hodgkin’s disease (HD) [2] and
Burkitt’s lymphoma [3]; the percentage of cases with
viral DNA in the malignant cells is highest in children
and older adults [4]. There have been few studies of
space—time clustering of lymphomas generally amongst
children. However, HD has been studied more specifi-
cally. One study [5] found no evidence for space—time
clustering of HD amongst children, but did find space—
time clustering amongst young adults (aged 15-34 years).
Analyses of case clustering [6] have usually involved
cases in young people, but not children, and have shown
contradictory findings. Some studies have found space—
time clustering between cases [7,8], but other studies did

* Corresponding author. Tel. +44-161-727-2507/2522; fax: +44-
161-727-2508.
E-mail address: richard.mcnally@man.ac.uk (R.J.Q. McNally).

0959-8049/$ - see front matter © 2003 Elsevier Ltd. All rights reserved.

doi:10.1016/j.ejca.2003.10.004

not [9,10]. Spatial clustering has been identified pre-
dominantly in younger adult cases (<35 years) [11-13].
We have now analysed for space—time clustering, using
cases of lymphoma included in the Manchester Chil-
dren’s Tumour Registry (MCTR), during 1954-2001.
We have used places of birth and diagnosis, and times of
birth, first symptom and diagnosis, so that a direct com-
parison may be made with our previous study [1].

2. Patients and methods

All cases of children aged 0-14 years, diagnosed with
lymphoma between 1 January 1954 and 31 December
2001, and registered by the MCTR were analysed.
Reporting practice to the registry has been consistently
good during this period. The registry retains histo-
pathological material and diagnostic re-review is under-
taken periodically. Ordnance Survey (OS) eight-digit
grid references were allocated to each case with respect
to addresses at time of birth and diagnosis, locating
each address to within 0.1 km. The following diagnostic
groups were specified a priori for analysis: (i) Hodgkin’s
disease (HD); (i) non-Hodgkin’s lymphoma (NHL);
(iii) Hodgkin’s disease and non-Hodgkin’s lymphoma;
(iv) all lymphomas.
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There are six possible space—time interactions
between: (i) times and places of diagnosis; (i) times and
places of birth; (iii) time of diagnosis and place of birth;
(iv) time of birth and place of diagnosis; (v) time of first
symptom and place of birth; and (vi) time of first
symptom and place of diagnosis. The interpretation of
these interactions will depend on the extent of migration
between birth and diagnosis among cases [14]. If the
cases have not migrated then these reduce to two possi-
bilities: an interaction between proximity of ‘place of
residence’ and time of diagnosis or time of first symp-
tom or time of birth. However, since a large proportion
of the children moved between birth and time of first
symptom or diagnosis, we believe that migration may
have some effect, and there may be differences in the
space—time clustering effects that are dependent on
spatial definitions. For example, an interaction
between times and places of birth only would indicate
an aetiological exposure around the place of birth,
prenatally or shortly after the time of birth. It would
also indicate that the disease has a variable latent period.
Furthermore, an interaction between times and places of
diagnosis would indicate a later effect which may be
explained by an aetiological exposure around the place
of diagnosis and close to the time of diagnosis. It would
also indicate that the disease has a short latent period
following the exposure. Additional details are given in
Birch and colleagues in Ref. [14].

Knox [15] tests were applied to the data with
thresholds fixed, a priori, as: close in space, less than
5 km, and close in time, less than 1 year apart. One-
sided tests were used to detect a significant interac-
tion. The strength of interactions (S) was indicated by
calculating [(O—E)/E]x100 counts of pairs which are
close in space and close in time (O, observed number
of close pairs, and E, expected number of close pairs). To
adjust for the effects of different population densities, the
tests were repeated replacing geographical distance
thresholds by distance to the Nth nearest neighbour,
using all locations of all the cases in the data-set except
addresses for the same child at a different time. N was
chosen such that the mean distance was 5 km (N=11 for
both birth and diagnosis locations).

Two problems are apparent with the Knox test: bound-
ary problems and the arbitrariness of the thresholds chosen,
and these are discussed elsewhere in Ref. [16]. To overcome
these, a second order procedure based on K-functions[17]is
used, employing both geographical distance and nearest
neighbour (NN) approaches as described above.

Data were analysed in two age-groups (0-9 years and
10-14 years) and for cross-clustering between the
‘younger’ and ‘older’ cases. This division corresponds to
the age distribution of the subtypes of HD. The mixed
cellularity subtype predominates in the younger group,
whilst the nodular sclerosing subtype predominates in
the older group. Data were also analysed by examining

clustering pairs which contained at least 1 male case
(‘male: any’) and clustering pairs which contained at
least 1 female case (‘female: any’). The 50% of addresses
that were closer to their 11th NN than the median dis-
tance were classified as being located in a more densely
populated area, whilst the 50% of addresses that were
further from their 11th NN than the median distance
were classified as being located in a less densely popu-
lated area [16]. Analysis by population density was
undertaken by considering clustering pairs which con-
tained at least 1 case from a more densely populated area
(‘more densely populated: any’) and clustering pairs
which contained at least 1 case from a less densely
populated area (‘less densely populated: any’). The
methods are given in more detail in Birch and colleagues
in Ref. [14] and McNally and colleagues in Ref. [16].
Statistical significance was indicated if P <0.05 for the
cases in the specified diagnostic group, using at least 2 of
the 4 methods (the geographical or NN versions of the
Knox test, or the geographical or NN versions of the K-
function method) and including a NN threshold version.

3. Results

The study included 414 cases of lymphoma, compris-
ing 188 cases of HD, 211 cases of NHL (including 8
cases of Burkitt’s lymphoma) and 15 cases of other
lymphoreticular neoplasms (comprising 5 malignant
lymphomas, not otherwise specified (NOS); 8 malignant
histiocytosis and 2 malignant lymphoproliferative dis-
ease). These latter 15 cases tended to be from the early
years of the registry and the material available for
review was limited and/or of poor quality such that
more precise diagnoses could not be allocated. It was
considered safer to exclude these cases from the separate
analyses. However, they were included in the analyses of
all lymphomas. There was little or no evidence for
space—time clustering in any group based on place of
birth/time of birth, place of birth/time of first symp-
tom, nor on place of birth/time of diagnosis (Table 1).
Furthermore, there was no evidence for space-time
clustering in any group based on place of diagnosis/
time of birth, place of diagnosis/time of first symptom,
nor on place of diagnosis/time of diagnosis (Table 2).
There was some evidence for cross-clustering between
younger and older cases of HD, based on place of birth/
time of birth (O=14, E=6.3, S=122.6%, P=0.005,
using the geographical distance version of the Knox test;
0=9, E=42, §=112.5%, P=0.03, using the NN
threshold version of the Knox test; /=26.17, P=0.02,
using the geographical distance version of the K-function
method; and 7=28.95, P=0.04, using the NN threshold
version of the K-function method). There was little or no
evidence of space—time clustering for any of the other
additional analyses (data not shown).
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Space-time clustering tests for lymphomas, in children aged 014 years from North West England, based on place of birth, and diagnosed during the

period 1954-2001

Knox test (observed space-time pairs,*
expected space-time pairs, strength,” P value®)

K-function analysis,’

(observed integral,# P value®)

Geographical distance? NN threshold® Geographical distance NN threshold’
a. Analyses by time of birth
Hodgkin’s disease 0=20; E=13.9 O0=11; E=89 1=11.37 1=3.75
S§=44.1% (P=0.07) §=24.2% (P=0.28) (P=0.16) (P=0.38)
Non-Hodgkin’s lymphoma 0=33; E=373 O=11; E=13.5 I1=-4.42 1=-0.30
S=-11.4% (P=0.72) S=-18.4% (P=0.69) (P=0.58) (P=0.46)
Hodgkin’s disease and 0=89; E=90.2 0=37, E=41.9 I=-8.55 I=—-11.55
Non-Hodgkin’s lymphoma =—1.3% (P=0.52) =—11.6% (P=0.75) (P=0.72) (P=0.76)
All lymphomas 0=93; E=93.8 0=39; E=445 I=-6.31 I=-10.19
§=-0.8% (P=0.50) S§=-12.3% (P=0.77) (P=0.66) (P=0.72)
b. Analyses by time of first symptom
Hodgkin’s disease 0=8; E=10.5 0=13; E=14.0 =-5.75 =-991
S=-23.4% (P=0.72) S=-74% (P=0.54) (P=0.65) (P=0.71)
Non-Hodgkin’s lymphoma 0=27, E=272 0=20; E=13.2 1=4.10 1=13.75
S§=-0.9% (P=0.47) §=51.3% (P=0.05) (P=0.39) (P=0.20)
Hodgkin’s disease and 0=75, E=T72.5 0=74; E=59.8 1=8.34 1=18.31
Non-Hodgkin’s lymphoma S=3.4% (P=0.40) §=23.8% (P=0.04) (P=0.26) (P=0.14)
All lymphomas 0=381; E=76.0 0=80; E=629 1=9.63 I1=18.33
§=6.6% (P=0.30) §=27.2% (P=0.02) (P=0.22) (P=0.14)
c. Analyses by time of diagnosis
Hodgkin’s disease 0=9; E=12.9 0=5,E=83 I=-15.21 I=-15.14
=-30.3% (P=0.83) =-39.3% (P=0.83) (P=0.90) (P=0.84)
Non-Hodgkin’s lymphoma 0=37, E=40.3 0=16; E=14.6 I=-3.67 I1=4.50
=—8.3% (P=0.66) §=9.6% (P=0.39) (P=0.62) (P=0.37)
Hodgkin’s disease and 0=94; E=96.1 0=50; E=44.6 I1=-3.02 I=11.72
Non-Hodgkin’s lymphoma S=-2.2% (P=0.56) S=12.0% (P=0.23) (P=0.59) (P=0.22)
All lymphomas 0=99; E=100.1 0=53; E=475 I=—-1.28 I=8.95
S=-1.1% (P=0.52) S=11.7% (P=0.23) (P=0.51) (P=0.28)

@ Cases are close in time if dates of diagnosis/birth/first symptom differ by less than 1 year.
b Strength (S) = (Observed—Expected)/Expected x 100 counts of pairs which are close in time and space.

¢ One-sided P value derived from the Poisson distribution.

4 When using geographical distance cases are close in space if their locations are <5 km apart.
¢ When using nearest neighbour (NN) thresholds, cases are close in space if the locations of one (or both) was nearer than the other’s 11th NN in

the total data-set, for both diagnosis and birth.

' Cases are close in time if dates differ by <t where 7 is in the range 1-15 months.

& J=[ R(s, t) ds dr, where R(s, 1)=[K(s, /)—K1(s)K2(1)]//[K1(s)K2(1)]. K(s, 1) = proportion of pairs whose distance apart is <7 in time and <sin
space, K1(s)=proportion of pairs whose distance apart is <s, and K2(¢) =proportion of pairs whose distance apart is <¢.

b P value obtained by simulation (999 runs) with dates randomly re-allocated to the cases in the analysis.

i Cases are close in space if distances between their locations differ by <s where s is in the range 0.5-7.5 km.

1 Cases are close in space if either is within the distance to the Nth nearest neighbour of the other (in the total data-set), where N is in the range

4-18 for both diagnosis and birth.

4. Discussion

The analyses presented here have been performed
using rigorous statistical methods on high quality inci-
dence data. However, there will be some opportunity
for dilution of the population-base of birth addresses,
due to migration out of the study region. Such migra-
tion is likely to exhibit a random, rather than a sys-
tematic pattern and is highly unlikely to introduce
artefactual clustering. Thus, the results based on place
of birth are likely to be somewhat conservative. Pre-
vious studies from the MCTR have identified space—
time clustering amongst cases of leukaemia, central

nervous system tumours, soft tissue sarcomas and
Wilms’ tumours [14,16,18,19]. There have been two
previous studies of space—time clustering in HD from
the Manchester area over limited periods of time only
[8,9]. However, these studies considered all ages and did
not apply the K-function methodology [17]. Therefore,
the previously reported conclusions concerning HD
should be regarded with caution. In the present study,
there was little or no evidence of space-time clustering
for the main analyses, and little or no evidence of space—
time clustering for the additional analyses. The finding
of cross-clustering between ‘younger’ and ‘older’ cases
of HD, in the absence of clustering amongst pairs of
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Space-time clustering tests for lymphomas, in children aged 0-14 years from North West England, based on place of diagnosis, and diagnosed

during the period 1954-2001

Knox test (observed space-time pairs®,
expected space-time pairs, strength®, P value®

Geographical distance?

NN Threshold®

K-function analysis!,
(observed integralg, P value")

Geographical distance

NN Threshold’

a. Analyses by time of birth

Hodgkin’s disease

Non-Hodgkin’s lymphoma

Hodgkin’s disease and

Non-Hodgkin’s lymphoma

All lymphomas

0=17; E=142
§=19.5% (P=0.26)
0=28; E=30.7
S=-8.8% (P=0.64)
0=82; E=82.4
=—0.5% (P=0.49)
0=87; E=86.4
5=0.7% (P=0.49)

b. Analyses by time of first symptom

Hodgkin’s disease

Non-Hodgkin’s lymphoma

Hodgkin’s disease and

Non-Hodgkin’s lymphoma

All lymphomas

c. Analyses by time of diagnosis

Hodgkin’s disease

Non-Hodgkin’s lymphoma

Hodgkin’s disease and

Non-Hodgkin’s lymphoma

All lymphomas

0=17; E=20.6
S=—17.3% (P=0.74)
0=41; E=40.5
S=1.2% (P=0.49)
0=121; E=1142
$=6.0% (P=0.27)
0=128; E=120.4
$=6.3% (P=0.26)

0=21; E=252
=—16.7% (P=0.76)
0=47; E=50.7
S=-7.2% (P=0.66)
0=139; E=142.5
S=-2.4% (P=0.59)
0=149; E=151.4
=_1.6% (P=0.56)

0=9; E=9.3 [=2.44 1=11.00
S§=-2.7% (P=0.45) (P=0.38) (P=0.22)
0=11; E=13.3 I=-11.61 I=-5.66
§=-17.1% (P=0.67) (P=0.81) (P=0.61)
0=35 E=42.7 I=-1531 I1=-14.83
S=—18.0% (P=0.86) (P=0.87) (P=0.82)
0=39; E=45.6 1=-9.92 I=—8.70
§=-14.5% (P=0.82) (P=0.75) (P=0.72)
0=9; E=13.0 =461 =-10.33
§=-30.7% (P=0.83) (P=0.63) (P=0.73)
0=23; E=16.5 1=5.20 1=21.22
§=39.1% (P=0.08) (P=0.35) (P=0.11)
0=66; E=58.0 1=11.87 1=16.94
S=13.8% (P=0.16) (P=0.18) (P=0.14)
0=72% E=624 1=10.92 1=15.17
§=15.4% (P=0.13) (P=0.19) (P=0.15)
O=14; E=15.5 1=-6.89 1=-17.39
=-9.4% (P=0.58) (P=0.69) (P=0.67)
0=25;E=214 1=4.74 1=18.74
§=16.9% (P=0.24) (P=0.35) (P=0.13)
0=80; E=72.8 1=7.86 I=21.11
§=9.9% (P=0.21) (P=0.29) (P=0.12)
0=85 E=78.6 =772 1=18.20
5=8.2% (P=0.25) (P=0.27) (P=0.14)

2 See Table 1 footnotes.

‘younger’ or pairs of ‘older’ cases, by themselves, is
difficult to explain and may be a chance finding. Thus,
these data do not provide any positive support for the
involvement of environmental factors, such as infections
in the aetiology of the childhood lymphomas.

However, we have previously reported seasonal var-
iation in the onset of HD [1], which does lend support to
a role for environmental factors, particularly infections,
but may also include dietary factors. For HD, the lack
of space—time clustering together with seasonal varia-
tion in onset may be consistent with a hypothesis
whereby HD occurs as a very rare response to an
ubiquitous environmental factor, such as an infection.
Such a mechanism may account for the observed cross-
clustering between ‘younger’ and ‘older” HD cases if
the latency between exposure and onset of symptoms is
very variable. An example of an ubiquitous infection is
EBYV and we note that the presence of EBV viral DNA
in the malignant cells of a substantial proportion of HD
cases is usually interpreted as indicative of its actio-
logical role. However, variable latency is at odds with
the interpretation of seasonal variation, but these

findings may reflect different sub-groups of cases. Further
recent work from the MCTR has shown that markedly
higher incidence of the mixed cellularity subtype of HD
was associated with greater levels of unemployment and
household overcrowding [20]. Such a finding is indica-
tive of a direct role for an environmental exposure,
which is most likely to be an infection.

In conclusion, the overall pattern for HD is complex.
No space—time clustering was found, but whilst we can-
not exclude other environmental factors, we consider
that infections remain the most likely aetiological agent.
There was also no space—time clustering for NHL and
no clear aetiological factors are indicated for childhood
NHL.
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