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One of the duties that I have been asked to undertake in this first session is to remind you of the objectives of
today's symposium. We have people here, including our speakers, who are eminent in those areas of science and
medicine that bear on our topic. Our objectives should be perhaps regarded as a challenge to our speakers and the
other experts.

All of us are aware, I expect, that there has been great epidemiological activity in the last few years on the topic
of leukemia clustering. The first objective, then — our starting point — is:

To present and examine the recent evidence associating clusters of leukemia
with sources of ionizing radiation.

In other words—just what evidence is there for the associations?

We can examine this evidence for associations in several ways. Perhaps one of the most important is to test any
apparent association against known biology. Are there plausible explanations that could support a causal
relationship underlying the associations? Are there other credible explanations? Our focus has been on associations
between leukemia and exposures to ionizing radiation but what about chemical exposures? Are there influences
here that will confound the examination of leukemia and radiation?

We can also ask whether the implications of a postulated causal relationship are consistent with what we know
from other studies. For example, what can we say about consistency with the results from the atomic bomb
survivors? If there is a simple causal relationship between radiation dose and some effect, what quantitative risk
factors can we deduce and what are their uncertainties? Such estimates are needed if we are to have an accurate
perspective on any risk. Also, with such a relationship, the occurrences of the effect can be expected to follow the
distribution in collective dose. Are the hypotheses for clustering consistent with this?

We might also ask if there are any clues in the observed distribution in time of any observed association. Can
postulated explanations account for variations with time?

Another fundamental examination is to ask whether the numbers make sense. We see only a few cases of
leukemia, possibly spread over many years. The presence or absence of a single case can make a large change to the
strength of an apparent association. Are we trying to get quarts of information out of pint pots of data? What
fundamental limitation do the statistics themselves place on any interpretation of the data? We hope, today, as an
explicit objective:

To examine the statistical basis for the analysis of clustering.

I have mentioned the possibility of chemical agents confounding an analysis with respect to ionizing radiation.
Implicit in what I was saying was the idea that if the association did not indicate a causal relationship with radiation
then the cause must have been an environmental chemical. But we might well ask whether the explanation is more
biological. I expect many of you will have seen Kinlen and Hudson's recent paper in the British Medial Journal that
adds support to their theory that the transmission of infection in new towns in rural areas can lead to local increases
in leukemia. This is an intriguing hypothesis that is biologically plausible. Are there more? Today, therefore, we
add a third objective:

To examine the underlying assumption in epidemiological studies that
clusters must have an environmental cause.

Given the data we now have, which explanation would survive Occam's razor?

Keeping biology in mind, we can go on to ask whether the concept of an appropriate control cohort in an
epidemiological study is achievable in a biological sense. Can we really say what is expected when we calculate the
observed to expected to get an SMR? Paul Unrau and his colleagues at Chalk River are always reminding me that
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cpidcmiological studies rarely consider genetic differences between cohorts, differences that may cause much
greater variations in cancer incidence than do environmental factors. There arc well-characterized genetic
syndromes known to increase cancer incidence, including that of leukemia. Many individuals may be carriers of
these genetically-determined traits. People do not mate randomly — so that the frequencies of these genes in local
population sub-sets, and hence the frequency of disorders, can be very different from frequencies in the whole
population. Therefore, the argument goes, we would expect these non-random breeding patterns to result in non-
random risk distributions and in localized variations in cancer incidences. In other words, we should address the
role of consanguinity in clusters.

Another of our objectives is therefore:

To examine the extent to which we can take into account the biological causes
of non-randomness in populations, particularly those of geographic and
genetic origin.

I suspect that by the end of the day we shall not have a definitive set of answers. And like all scientists who carry
out contract work we shall end by saying "further work is needed". It behooves us though, to suggest what that
work should be. How are we going to get the answers? In terms of epidemiology we can set out lother objectives:

To evaluate the relative merits of different kinds of epidemiological studies for
yielding significant information concerning clustering; and

To consider the potential utility of combining the results from existing studies,
and whether new epidemiological studies might be helpful and, if so, of what
kind.

Given some of the caveates on the application of conventional cpidemiological studies to clustering phenomena
we have to ask ourselves about the alternatives. Our final objective, then, should be:

To consider what other directions, including application of the technologies
of molecular biology, are likely to help clarify the underlying mechanisms or
causes.

In other words, can we take advantage of increasing capabilities to probe the genetic makeup of individuals and
to examine the associations between cancer incidence and inheritance directly at the level of the individual?

I said the objectives were challenges; challenges that have to be dealt with if we are going to arrive at a definitive
view of leukemia clusters. Having cast the gauntlet, I will step back and let the discussions proceed.


