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Low risk but not no risk
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Information on radiation risk for cancer has come from several
sources,1 in particular the Japanese atomic bomb survivors that
comprise the Life Span Study cohort.2 It remains a controversial
question whether there is a risk at low doses and low dose rates;
although some have suggested the existence of thresholds below
which there is no excess radiation risk or even beneficial
(hormetic) effects of radiation exposure,3 this evidence has been
disputed.4 The International Commission on Radiological
Protection5 assumes, for regulatory purposes, that cancer risks
can be linearly extrapolated from high radiation doses and high
dose rates to low radiation doses and low dose rates by applying
a dose and dose rate effectiveness factor (DDREF) of 2.
However, the use of DDREF is controversial, and there is some
evidence to suggest that excess cancer risks per unit dose do
not fall in the lowest ranges of dose rate.6

In a linked article,7 the International Nuclear Workers Study
(INWORKS) suggests significant risks associated with low dose
rate occupational exposure to radiation in a combined cohort of
308 297 radiation workers from France, the United Kingdom,
and the United States. This important study extends the
follow-up of parts of a previous pooled analysis of nuclear
worker data, the so called 15-Country Study.8 Overall, relative
risks of solid cancer increased by an extra 47% per Gy of
cumulative exposure (90% confidence interval 18% to 79%).
Reassuringly, results were not driven by results from any
particular country, by contrast with the troubling heterogeneity
by country present in the 15-Country analysis.8

Strengths of the present study were the largely complete
recruitment from the various component cohorts, use of national
mortality registers, and a comprehensive dose reconstruction,
incorporating adjustments to recorded film badge doses to
estimate cumulative doses to the colon.9 Weaknesses included
the lack of information on other important socioeconomic and
lifestyle factors (such as smoking) and occupational exposures
(such as benzene and asbestos), which could conceivably
confound the association between radiation dose and cancer
risk.
Although exclusion of lung cancer—the cancer with strongest
relative risk associated with smoking—had almost no effect,
exclusion of a larger group of all cancer sites related to smoking

(about 70% of all solid cancers) from analyses reduced the
magnitude of the association, which also became non-significant.
This suggests either heterogeneity of radiation risk by cancer
site or some degree of confounding by smoking. The authors
had limited information on neutron dose, and almost none on
participants’ exposure to radionuclides such as tritium or
plutonium or to medical radiation.9 However, analyses with
additional stratification by whether the worker had a known or
suspected uptake of radionuclides, or excluding those workers
with recorded neutron exposure made little difference.
The failure to take dose uncertainty into account is another
weakness, especially because the uncertainties in some organ
doses are substantial.9 Use of all solid cancers as an endpoint is
also unfortunate, which includes highly radiogenic cancers
(bladder, brain, breast, colon, liver, lung, and oesophagus) as
well as cancers with much lower radiosensitivity (prostate, small
intestine, uterus, and rectum). Correlation of this endpoint with
a cumulative dose to the colon—which could adequately
represent doses to deeper organs within the trunk but possibly
not other body sites (brain, breast)—is another weakness.
Use of all solid cancers as an endpoint also complicates
comparisons with the Life Span Study of Japanese atomic bomb
survivors. This study had much lower proportions of certain
highly radiogenic cancer sites than the INWORKS study; among
men exposed between ages 20 and 60 years in the Life Span
Study,2 lung cancer accounted for 17.9% of solid cancer deaths,
compared with 32.3% in INWORKS.7 It would have been better
to use analyses stratified by cancer type with the relevant organ
doses used for each stratum, which would also have allowed
for tests of heterogeneity by cancer type.10

The present analysis of all solid cancers7 and a parallel analysis
of leukaemia and lymphoma11 both estimate radiation risks that
are slightly above those in corresponding subsets of the Life
Span Study.2 Should we conclude, as Richardson and colleagues
do,7 that exposures at lower dose rates are just as risky as those
at higher dose rates (that is, DDREF=1)? This conclusion may
be unwarranted: apart from the endpoint heterogeneity within
the Life Span Study and INWORKS cohorts discussed above,
the radiation received by the workers in INWORKS had energy
ranging from 100 kiloelectron volts to 3 megaelectron volts.
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This energy level would have been about twice as risky (per
unit dose) as that received by atomic bomb survivors in the Life
Span Study, who received most of their dose from gamma rays
with an energy range of 2-5 megaelectron volts.12 Allowing for
this and the statistical uncertainties would be consistent with a
DDREF of 2.
Other uncertainties must also be taken into account when
comparing risks between INWORKS and the Life Span Study.
The most important uncertainty is the method by which one
transfers risk estimates from one population to another. Despite
the relatively large quantity of data on radiation risk,1 the
question of how to transfer risk estimates between different
populations remains unanswered.
In summary, the study by Richardson and colleagues7 adds to
a growing body of evidence suggesting associations between
exposure to moderate or low dose radiation and risk of cancer.4-14
The study is consistent with risks previously derived from the
Japanese atomic bomb survivors2 and other groups exposed to
moderate or high doses,1 15 which form the basis of the regulatory
limits applied to nuclear workers and other radiation exposed
groups. As such, the excess solid cancer risks associated with
radiation in this cohort are modest: for the average worker, the
lifetime risk of cancer death is likely to be increased by about
0.1% from a baseline risk of cancer death of about 25%.1 5

However, it is equally clear that the excess risks are unlikely to
be zero. This body of evidence does not suggest, and indeed is
not statistically compatible with, any large “no risk” threshold
for dose, or any possible beneficial (hormetic) effects.
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