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1. ABSTRACT

This paper draws attention to the heterogeneous distribution of leukemia in childhood and in adults. The topic of
cluster reports and generalized clustering is addressed. These issues arc applied to what is known of the risk factor
for both adult and childhood leukemia. Finally, the significance of parental occupational exposure and childhood
leukemia is covered.

2. INTRODUCTION

We know that many types of leukemia are distributed unusually within populations. This has been shown by
recently reported analyses of mainly adult leukemia distribution (Cartwright et al., 1990) and a further one devoted
to childhood leukemia (Draper, 1991) in the UK. World-wide distribution of various leukemia types apparently vary
by county (Muir etal., 1987).

The significance of these international and more local variations is still obscure. Similarly, the distribution of
cases at a neighbourhood level has only recently been systematically addressed using large and accurate data sets
(Cartwright et al., 1990; Draper, 1991).

3. CLUSTERS

It is difficult to define the exact meaning of the emotive term "cluster", largely because it is used, often by the
general public, to define a post hoc set of unusual observations, which can vary considerably in scientific
credibility. It is probably more useful to perceive them as a general phenomena of "statistically unusual close case
aggregations" and as such they are entirely defined by the methods used. There are several powerful methods now
available and these are detailed in various publications including those by Cartwright and Draper cited above.

So far, it has emerged that childhood leukemias display a general tendency for close case aggregation, or
clustering, whilst there is less certainty about other adult leukemias (Draper, 1991). Undoubtedly all leukemias
rarely display post hoc evidence for large and possibly unusual clusters of cases, the significance of these within the
general pattern of the clusters is uncertain.

A general tendency for clustering readily leads io hypotheses of transmissibility by infectious agents. These have
some further epidemiological support from various studies (Alexander et al., 1990; Kinlen, 1988) and some convincing
theoretical and biological support particularly from Professor M. Greaves (Greaves, 1988). In addition, general
clustering could also be linked to genetic susceptibility within kindreds or to local environmental insults of a non-
infectious nature. However, far less is known about these latter possibilities. These observations are further clouded by
the obvious statistical problem (which many persons find difficult to grasp), namely that many instances of close case
aggregation are entirely fortuitous. For example, some computer simulation work that accompanies certain new
statistical tests of a "non-boundary" type, shows that 8% of all the cases fall within clusters, entirely by chance.

4. CHEMICALS AND LEUKEMIAS

• Adult Diseases (AML, CML, ALL)

• Direct Exposure and General Population Exposure

Chemicals are undoubtedly one of the commonest causes of adult leukemia: cigarette smoking may cause up to
30% of the diseases (McLaughlin et al., 1989) whilst chemotherapeutic drugs increase leukemia risks by several
hundred fold (Kaldor et al., 1990). Significant exposures to benzene, also, result in leukemia excesses (Rinsky et al.,
1987).

These latter observations and other more contentious results such as exposure to ethylene oxides (Hogstedt et al.,
1986) are all based on results from heavily exposed persons or those people thought to be so exposed. It is quite
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conccivablc that a neighbourhood cluster of cases could be the result of workers living nearby in the vicinity of the
plant and all having the same occupational exposure. Conversely, workers may originate from a neighbourhood with
high leukemia rate and as they work at the same factory, appear to point to a common occupational hazard. Such an
instance has been reported in a carpet factory where no known leukemogens were used (Cartwright et al., 1987).

However, non-occupationally based adult leukemia clusters have often been assumed to be related to low-dose
exposures of some kind. This has led to a series of unsatisfactory investigations whereby drinking water sources
(Lagakos et al., 1986) or overhead powerlines (Smith, 1992), for example, have been weakly implicated or rejected
without solid statistical support or sound biological bases. Most cluster observations and investigations of adult
disease tend to be under-reported and so this area has yet to be given the proper attention it deserves.

A new initiative in the UK has a sounder and systematic approach (Elliot et al., 1992) whereby all putative point
sources of pollution arc pooled to give a much more powerful statistical approach. This has yet to be applied to
leukemia investigations, however.

5. CHILDHOOD DISEASES (ALL, AML, NHL)

• Direct exposure

The only well established chemical link between leukemia and a known substance is from the ingestion of large
doses of chloramphenicol (Shu et al., 1987). It is not known if low doses or other similar drugs cause childhood
leukemia. Apart from case reports, those children given chemotherapy and analy/xd epidemiologically seem
remarkably resistant, so far, in their lack of secondary leukemia (Hawkins et al., 1987). No investigation of
childhood case clusters have ever suggested these iatrogenic substances to be responsible.

• In utero exposure

Despite several studies addressing this issue, there is no study or clear consensus as to any substance or exposure
in pregnancy that might result in a childhood leukemia (McKinney et al., 1987), the exception being in utero X-ray
exposures (Hawkins et al., 1987) — still a controversial area, however, due to the apparent discrepancies between
dose and tissue responses.

6. PARENTAL EXPOSURE AND CHILDHOOD LEUKEMIA

By the same logic noted above, clusters of childhood leukemia might arise because the children of workers at a
local factory live in the same neighbourhood. This aspect is explored elsewhere by Professor M. Gardner with
respect to ionizing irradiation. However, other parental exposures have been associated with childhood
leukemias — often by non-statistically significant associations. These include occupations such as farming (Bithell
et al., 1975), iron and steel industry (Gardner et ai., 1990) and professional sportsmen (McKinney et al., 1991). In a
study in the north of England, exposure of both parents to wood dust prior to conception of the case child and
exposure to some chemicals including benzene also proved a statistically significant association (Clark et al., 1985).
These arc controversial in that they are almost unique observations and also there is no known biological
mechanism involved. Related observations include mothers exposure to leather dust (Clark et al., 1985; McDonald
et al., 1986) resulting in high perinatal mortality and possibly cytogenetic abnormalities in the children and mothers
exposed to textile fibre dust and ALL in children (Infante-Rivard, 1991).

7. CONCLUSIONS

The links between chemicals exposures and clusters remains to be resolved by direct exposure and fully explored
as indirect exposure for both childhood and adult leukemia. Steps are afoot to investigate all such aspects further in
an adult acute leukemia case-control study and in a newly set up scries of studies directed to childhood leukemia.

The only way in which specific instances of unusual case distribution is explained is by the general understanding
of the majority of the causes of the disease. This approach is now being followed in a number of countries.
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