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Evaluating the Role of Radiation in the Carcinogenic Process

A legion of health-related issues continues to occupy the attention of those in
radiation protection. Past examples (by no means all-inclusive) of these are:
the Seascale cluster of childhood leukaemia around British Nuclear Fuels Limited,
Sellafield, and whether this is related to environmental radiation or to paternal
occupational exposure; whether elevated rates of childhood leukaemia or heritable
disorders exist around nuclear facilities in Ontario; the recent rise in child-
hood thyroid cancer in Belarus (and, to a certain extent, in the Ukraine), and
whether Chernobyl-related fallout is a root cause; claims of increased death
rates among the "liquidators" who participated in the remediation efforts
following the Chernobyl accident; the public issue of the appropriate drinking
water objective for tritium in Ontario; and whether radon in houses constitutes
a significant radiological health risk. In all of these, those in radiation
protection have been asked for "running decisions", on the balance of evidence,
as to whether or not radiation has caused excess cancer.

Such questions may be difficult to answer. We know from studies on the survivors
of the atomic explosions at Hiroshima and Nagasaki that ionizing radiation at
high doses delivered at high dose rate can give rise to a detectable increase in
cancer mortality. Is the situation at low doses the same, proportionately? Does
very low dose rate exposure offer only a little bit less risk (two fold) compared
to acute exposure, or is chronic exposure in fact much less dangerous than we
presently allow for?

Because of the multi-stage nature of carcinogenesis (which Dr. Trosko will
address) and the requirement for these steps to be sequential, it is unreasonable
to say that a single exposure to any one thing -- by itself -- can causo cancer.
Rather, we should ask "How might ionizing radiation contribute to making these
steps happen"? An answer to this question requires that we know where and how
ionizing radiation acts.

The answer we need may also require that we move from population-based risk
assessment to individual risk assessment, if we are to improve our ability to
determine whether occupational exposure levels carry with them any discernible
risk to a particular individual.

In spite of the best epidemiological efforts, the current status of occupational
risk assessment using the population-based approach is hampered by inadequate
human data. This is illustrated in the following table, wherein estimates for
excess relative risk per sievert are tabulated for a number of recent studies of
radiation workers. (This table is adapted from one prepared by E. Cardis in
relation to the International Agency for Research on Cancer (1ARC) three country
(Canada, U.S.A., U.K.) study of cancer mortality in atomic radiation workers.)
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These are all credible epidemiological studies. Yet a broad range of results
(for the point estimates) , and a wide range of uncertainty in each study, is
evident. This shows that clearer answers are needed; new approaches may be
required.

ESTIMATES OF EXCESS RELATIVE RISK (ERR) PER Sv
(Doses lagged lOy for "all cancers11, 2y for leukaemia)

FACILITY

OCCUPATIONAL:
HANFORD
HANF0RD/ORNL/R0CKY FLATS
AECL
NRRW
AEA
AWE
* IARC Combined

A-BOMB SURVIVORS:
UNSCEAR
IARC-Males
Linear
L-Q

ERR/Sv

-0.001

O.OO1

0.051

0.47
0.801

7.60
-0.07

0.241

0.181

ALL CANCERS

(90X Cl)

«0,1.0)
(<0, 0.80)
(-0.68, 2.17)
(-0.12, 1.20)
(-1.00, 3.10)1-3

(0.40, 15.3)3

(-0.39. 0.30)

(n/a)

(0.05, 0.34)

ERR/Sv

-1.102

-1.002

19.002

4.282

-4.202

2.18

3.70

3.67
1.42

LEUKAEMIA

(90X Cl)

«0, 1.9)
«0, 2.2)
(0.14, 113.0)
(0.40, 13.6)
(-5.7, 2.6)*

(0.1, 5.7)

(n/a)

(2.0, 6.5)
(<0, 6.5)

Excluding leukaemia
Excluding CLL
95% confidence intervals

How to Improve Occupational Exposure Risk Assessment?

There simply is no clear, credible, defensible answer as to whether low-level
radiation increases cancer risk. Though the results of these studies of persons
occupationally exposed to radiation are not statistically incompatible with the
"gold standard" of the Japanese A-bomb survivor results, they are also not incon-
sistent with other scenarios, ranging from a greater risk than seen in the
Japanese, to no risk, or even to protection against cancer if given a small
amount of radiation.

The Japanese cohort was exposed to fairly high doses delivered at high dose rate
(essentially instantaneously) . Is this entirely relevant to the occupational
situation of low doses received over a very long time? For radiation protection
purposes, we assume it is, first by applying the linear no-threshold model, and
secondly by allowing for' a slight lessening of risk (by applying a dose and dose
rate effectiveness factor, or DDREF, of 2) under protracted exposure conditions.
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Is this sufficient? Is the concept of low dose linearity consistent with what
we know about the multifactorial nature of the carcinogenic dose response and
process? Can acute versus chronic exposure risk be evaluated as simplistically
as the DDREF implies? Are the mechanisms even the same? Is there a better way?
The public demands a better way.

The reality is that classical epidemiological methods lack sufficient statistical
power to discern whether occupational-type exposures carry excess risk or not.
We need an unequivocal answer: to rely on saying on the one hand that we cannot
prove there is a risk at low doses, but that on the other hand we cannot prove
there is no risk, is highly unsatisfactory. The sorts of evidence for occu-
pational exposure summarized in the preceding table are touted as being
"consistent" with the estimates of radiation risk obtained from study of the A-
bomb survivors, but the results for occupational exposure are also consistent
with very little, or no, risk from occupational exposure. Is this compatible
with our present degree of effort and worry?

DNA-Based Systems Highlight the Individual

The public does not understand uncertainty. If increased resolution of radio-
genic cancer risk cannot be obtained statistically, we may have to look at
causation at the level of the individual. Fortunately, DNA-based analysis
systems are being developed that provide the power to do so; Dr. Worton will
outline these tools.

Additionally, consideration of the genetics of cancer, both susceptibility and
predisposition, indicates that the individual level is likely to be the more
informative approach. The addresses of Drs. Glickman, Unrau and Taylor will make
this point in different ways.

Cost-Effectiveness of Regulations

We have an obligation to provide credible, and not merely conservative, risk
estimations. This is because protection is costly. If unwarranted caution is
exercised (because risk has been over-estimated) , we are wasting scarce resources
which could better be used elsewhere. That unjustified conservatism in risk
assessment may have a negative net health benefit to society is increasingly
recognized, and was cogently expressed by Philip H. Abelson in an editorial in
Science (1994 September 09 issue) entitled Risk Assessments of Low-Level
Exposures. Two quotations define this point of view:

"In cancer-risk assessments employed by the U.S. Environmental Protection
Agency assumptions are made that exaggerate risk by large factors. Among
these is an important but unproven hypothesis that results obtained by
administrating huge doses of substances are predictive of effects of
minuscule doses."

"The current mode of extrapolating high-dose to low-dose effects is
erroneous for both radiation and chemicals. Safe levels of exposure
exist. The public has been needlessly frightened and deceived, and
hundreds of millions of dollars wasted. A hard-headed, rapid examination
of phenomena occurring at low doses should have a high priority."
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Hard-hitting words. A public debate is in progress, and the concepts and ideas
we will hear about today may provide the information which determines the
debate's outcome.

Objectives of this Symposium

We aimed to hold a symposium that would provide you with context to understand
this debate, possible new directions for radiation protection understanding, and
what tools may be available in the future to decide the extent to which radiation
--in the way we encounter it in our daily lives -- may be a significant factor
in human ill-health.

The objectives of this Symposium on Molecular Biology and Radiation Protection are therefore
to:

Discuss the sorts of evidence of molecular alterations in DNA which can be
used specifically to study causation of the stochastic effects of
importance in radiation protection.

What sort of indications might be available to determine if ionizing radiation
contributed to the development of a particular cancer or not? Is there a
radiogenic signature for ionizing radiation? Might biomarkers be available for
susceptibility, for exposure, for biological consequence? Drs. Kronenberg and
Glickman will discuss these aspects. Tools may shortly be available to support
a powerful new discipline -- molecular epidemiology -- which integrates molecular
biology, biochemistry, mechanistic studies, in vitro and in vivo models, and
epidemiology in order to infer individual cancer risk in general and to decide
on radiogenic causation in particular.

Genetic Factors in Cancer

This new emphasis on the individual is supported by a considerable literature on
genetic epidemiology. It is important that you be cognizant of the growing
awareness of the important role which genetic factors play in the development of
cancer. Familial clustering of cancer has long been known. The question which
early occupied this field was whether such clustering was due to genetic or
environmental factors, as family members have not only genes in common but also
share a similar environment. This was resolved experimentally in various ways,
for example by "twin studies": we now know that our particular genetic constitu-
tion is a major input to whether or not we develop cancer.

This conclusion by no means rests solely on genetic studies. Research on
mechanisms of oncogenesis has identified a number of biological bases for
inheritance of susceptibility to cancer. These include:

(i) Tumor suppressor genes: though recessive in action, their role in
susceptibility is inherited as an autosomal dominant trait.

(ii) Genes that affect the proficiency of (or the machinery available for) DNA
repair.

(iii) Genes that affect the processing or metabolism of carcinogens.
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(iv) Differences in endogenous mutation rates.

In each of these biological endpoints, substantial interindivldual variation has
been demonstrated to occur. Such findings mean that cancer risk needs to be
assessed on an individual basis if we are to advance our understanding of how
induced cancers arise.

The Environment Acts in the Context of Genetic Factors

But the role of our genetic constitution in cancer causation is rarely all-
determining. The environment has a role too, though not so large a one as most
members of the public suppose. The modern view is that cancer causation is
largely a result of an interaction between internal and external factors. These
two components together constitute the risk equation. John Mulvihill, of the
U.S. National Cancer Institute, coined the term ecogenetics to describe this
interaction. The external, or exogenous, determinants are such as occur in the
diet, or as workplace or environmental pollutants; it is these which the public
emphasizes and fears. The internal, or endogenous, factors are constituted by
genetic background, gender, age, DNA repair proficiency, number of stem or
progenitor cells, proliferation, oncogenes, tumor suppressor genes, et cetera;
people perhaps avoid discussing these components because of a perception that
"not much can be done about them".

This perception is partly wrong in the present and is likely to become largely
wrong in future. A number of arguments may be marshalled for studying genetic
susceptibility to cancer.

(1) The environmental factors we worry about act within the context of a host.
If some persons differ in susceptibility, the dose we measure (and limit,
in regulatory control) may not be equivalent to the internal, biologically
effective dose.

(2) All persons are not born equal. Hereditary cancer predisposition
syndromes are well-known. These fortunately tend to be rare, but what is
not so rare (in the case of recessive disorders) are heterozygotes, or
carriers of a single copy of the altered gene. Effects in heterozygotes
(partial susceptibility) are becoming identified. Moreover, it is
becoming widely believed that what is even more common in the population,
and constitutes a greater degree of risk, are susceptibilities which
confer a more modest increase in cancer risk than do these clinical
syndromes. These genes of low penetrance, but higher frequency in the
population, are not so readily brought to our attention clinically, but
they cannot hide from DNA-based analysis methods.

(3) A targeted approach to prevention (that is, in high risk individuals) and
screening may offer greater efficacy than does a general population
approach. Resources are limited in all fields; it is important to use
those resources we are able to muster in the most efficient way possible.

(4) In future, it may be possible to modify gene action or to counteract the
more adverse effects associated with possession of an altered gene (e.g.,
by modifying the environmental side of the risk equation in susceptible
persons). In the more distant future, it may be possible to insert "good"
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copies of the gene into somatic cells and to modify genetic make-up
directly.

One aspect of concern to radiation protection specialists is the question of
whether persons with particular genotypes are more sensitive to certain exposures
than other people are. This is especially important in radiation protection, as
genotypes are known which confer heightened sensitivity to ionizing radiation and
which manifest increased "spontaneous" incidence of cancer. Might such persons
be more susceptible to radiogenic cancer, that is, per unit dose?

Peter Shields and Curtis Harris, in an article entitled "Molecular Epidemiology
and the Genetics of Environmental Cancer" (J. Am. Med. Assoc. 266, 681-687, 1991)
state that;

"Given the pace of the last decade, it is feasible that the next 10 years
will allow molecular epidemiologists to develop a cancer-risk profile for
an individual."

"This will help focus preventive strategies and strengthen quantitative
risk assessments."

Future Directions

In its 1993 Report, the United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) said about the Human Genome Project (in Annex G:
Hereditary Effects of Radiation):

"It is expected that the results will offer clues to the molecular causes
and possible treatment of more than 4,000 known genetic diseases, as well
as many others with a suspected genetic link."

"The project may well revolutionize the approach to human disease and
mutation, bringing a shift from estimates based on indirect methods to
estimates based on molecular analysis."

"The identification and cloning of medically and biologically important
genes will furnish a much better understanding of radiation biology,
susceptible areas of the human genome, and the tracing of suspected
damage."

In Annex E (Mechanisms of Radiation Oncogenesis) , the 1993 UNSCEAR Report
provided the following perspectives on the future:

• Molecular probes would be available for genes which determine human
sensitivity to genotoxic agents, including radiation.

Benefits: elucidation of genetic heterogeneity in regard to
ionizing radiation and identification of subpopulations which may
carry elevated risks of oncogenesis.

• Direct assays of radiation-associated somatic changes in radiation-exposed
groups.
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• Molecular approaches to the study of pre-neoplasia.

In anticipation of the power of the Human Genome Project's output, Annex E urged
that:

"The collection and maintenance of archival neoplastic material from
radiation-exposed human populations should be given serious considera-
tion. The potential benefit to knowledge that would accrue from such
coordinated procedures should not be underestimated."

Many of us would add the recommendation that samples of normal (non-neoplastic)
tissue from the same persons be archived as well.

Dr. Hall's presentation will discuss some of the future directions and research
emphases required to bring the above endeavours to fruition.

Ethical Considerations

And finally, society has to determine what rules should be in place to handle
this burgeoning ability to identify risk sources, including how to protect the
rights of those who harbour such factors within ourselves. Dr. Knoppers'
presentation will outline the ethical issues which come to the fore, and discuss
how these considerations might best be met.

This is a tall order for a one-day symposium, and for some areas little more than
a taste can be offered. What the organizers hope to provide, and leave you with,
is the context for an improved appreciation of what is being done and why it is
being done.


