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OVERVIEW

The recent rush to embrace the concept that diagnostic x-
ray procedures are being overused, or that doses are too high
and need to be reduced, is based upon the assumption that
low doses of radiation are harmful and should be avoided
as much as possible. On the other hand, some believe that
such low doses of radiation are not harmful and might even
be beneficial. This is the premise debated in this month’s
Point/Counterpoint.

Arguing for the Proposition
is Mohan Doss, Ph.D. Dr.
Doss obtained his Ph.D. in
Physics in 1980 from Carnegie-
Mellon University, Pittsburgh,
PA and then spent the next
ten years in research positions
at the University of Washing-
ton, Seattle, Lawrence Berke-
ley Laboratory, Berkeley, CA,
and the Saskatchewan Accel-
erator Laboratory, Saskatoon,
Canada. He then began his ca-

reer as a Diagnostic Physicist at Regina General Hospital in
Regina, Canada. In 2001 he joined Fox Chase Cancer Center
Philadelphia, where he is now Associate Professor. He is cer-
tified in Nuclear Medicine Physics by the Canadian College
of Physicists in Medicine. Dr. Doss’s major research inter-
ests include biodistribution and dosimetry of new PET imag-
ing agents, small animal PET imaging, and health effects of
low dose radiation, and he has published over 50 papers. He
is the recipient of the 2014 Outstanding Leadership Award in
the field of dose-response by the International Dose-Response
Society.

Arguing against the Proposi-
tion is Mark P. Little, D.Phil.
Dr. Little obtained his D.Phil.
in Mathematics from New Col-
lege, Oxford in 1985. He then
worked for the next six years at
British Coal, Harrow, London,
and Berkeley Nuclear Labora-
tories, Nuclear Electric, Berke-
ley, UK. He then continued
with his career in epidemiol-
ogy first as Principal Scientific
Officer, Epidemiology Group,

NRPB, Chilton, UK, and then in the Department of Epi-
demiology and Biostatistics, Imperial College Faculty of
Medicine, London, UK. In 2010 he moved to the USA as
Senior Investigator at the Radiation Epidemiology Branch,
National Cancer Institute, Rockville, MD. Dr. Little’s major
research interests have included models and epidemiological
studies of cancer induction by radiation, risks associated with
mobile phones, cancer risks of radiation exposure of children,
and deleterious effects of occupational radiation exposures,
on which he has published over 150 papers and supervised
the work of 20 researchers and graduate students.

FOR THE PROPOSITION: Mohan Doss, Ph.D.

Opening Statement

The process of oxidative metabolism in living beings
sometimes results in the production of free radicals which can
cause oxidative damage. Our body has an elaborate system of
antioxidants to neutralize these free radicals. This system is
not perfect, and a small amount of damage does persist. There
is evidence that accumulation of such damage contributes to
causing many of the aging-related diseases.
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When free radical production is increased, e.g., from low-
dose radiation (LDR) exposure (or increased physical/mental
activity), our body responds with increased defenses consist-
ing of increased antioxidants, DNA repair enzymes, immune
system response, etc. referred to as adaptive protection.1 With
enhanced protection, there would be reduced cumulative dam-
age in the long term and reduced diseases. The disease-
preventive effects of increased physical/mental activities are
well known.

There is considerable evidence from animal studies sup-
porting the hypothesis that LDR reduces the likelihood of
cancer as well as nonmalignant diseases.2 For humans, (i) epi-
demiological studies of irradiated populations exhibit reduced
risk of cancer from LDR,3–5 (ii) interspersed adjuvant LDR
treatment has resulted in better tumor control and reduced
metastases in radiation therapy of non-Hodgkin’s lymphoma
patients,4 and (iii) tissues subjected to LDR have shown re-
duced second cancers per kg in radiation therapy patients.4

For noncancer diseases in humans, LDR has been shown to
control many such diseases.2, 6 Thus LDR is indeed benefi-
cial, as it results in reducing cancer and noncancer diseases.

The present concerns over the carcinogenic potential of
LDR are based on the concepts that LDR causes DNA damage
resulting in increased mutations, and that the accumulation
of mutations can transform a normal cell into an uncontrol-
lably dividing cell, causing cancer.7 This argument unjustifi-
ably ignores LDR adaptive protective responses.1 If the effect
of LDR adaptive protection is included, there would be re-
duced DNA damage following LDR,1 reducing the likelihood
of transformation of normal cells into those with malignant
phenotypes.

Also, the above mutation model of cancer cannot explain
the more than 100% increase in cancers in organ transplant
patients (and in AIDS patients), in whom the immune system
is suppressed.8 Hence there is little credibility in the predic-
tion of a small percentage increase in cancer from LDR based
on this model. On the other hand, using immune system defi-
ciency as the cause of clinical cancer, many of the characteris-
tics of cancer incidence can be explained.2 Since LDR boosts
the immune system, LDR would be expected to reduce rather
than increase the risk of cancer.1, 2

For both cancer and noncancer diseases, there is a thresh-
old dose below which no increased risk of disease has been
observed. The atomic bomb survivor data, considered to be
the most important data for estimating radiation effects in
humans, have traditionally been used to justify LDR car-
cinogenic concerns. Recent reanalysis has shown the data
are more consistent with a threshold, or radiation hormesis,
model than the linear nonthreshold (LNT) model.4, 5

In view of the above, we can conclude confidently that low-
dose radiation is beneficial, not harmful, from both mechanis-
tic and epidemiological considerations.

AGAINST THE PROPOSITION: Mark P. Little, D.Phil.

Opening Statement

The detrimental tissue-reaction (deterministic) and
stochastic effects associated with moderate and high dose

ionizing radiation exposure are well known.9 In contrast
to tissue-reaction effects, for stochastic effects scientific
committees generally assume that at sufficiently low doses
there is a positive linear component to the dose response, i.e.,
that there is no threshold, or beneficial effect.9 Moreover,
there is accumulating direct evidence of excess risk of cancer
and various other health endpoints in a large number of
populations exposed at moderate and low doses. I review
some of this evidence below.

There is evidence of excess cancer incidence of most
types associated with radiation exposures of the order of 10–
20 mGy from diagnostic x-ray exposure in the Oxford Sur-
vey of Childhood Cancers and in various other groups ex-
posed in utero.10 These data remain somewhat controversial,
but as Wakeford and Little note “the consistency of the child-
hood cancer risk coefficients derived from the Oxford Survey
and from the Japanese cohort irradiated in utero supports a
causal explanation of the association between childhood can-
cer and an antenatal x-ray examination found in case-control
studies. This implies that doses to the foetus in utero of the
order of 10 mSv discernibly increase the risk of childhood
cancer.”10 There is also evidence of excess risk of childhood
leukemia associated with natural background radiation expo-
sure, at doses above 5 mGy, in a large UK population-based
case-control study.11 At slightly higher doses, increased risks
of leukemia and brain cancer have been observed in patients
who were exposed as children to multiple computerized to-
mography examinations resulting in doses of about 60 mGy
to the respective tissues (red bone marrow, brain).12 The ex-
cess risks in all of these studies are consistent with those in
the Japanese atomic bomb survivor data.10–12

The health risks of low-level exposure to ionizing radiation
have been assumed to be related primarily to cancer.9 Evi-
dence has recently emerged of an association between lower
doses (<0.5 Gy) and late circulatory disease. In particular,
a recent systematic review and meta-analysis suggested an
excess radiation-associated risk at occupational and environ-
mental dose levels (<0.5 Gy).13 However, the presence and
magnitude of the excess circulatory disease risk at low doses
is still relatively controversial, and much remains unknown as
to the shape of the dose-response curve.13 There is also accu-
mulating evidence from the Japanese atomic bomb survivors
and various other moderate- and low-dose exposed groups of
excess risk of cataracts.14

There are data, reviewed in Ref. 15 suggesting an in-
crease in stable chromosome aberrations and other markers
of biological damage in the peripheral blood lymphocytes of
nuclear workers and other groups with protracted radiation
exposures. Chromosome changes play a major role in car-
cinogenesis and there is increasing evidence that the presence
of increased frequencies of chromosome aberrations in pe-
ripheral blood lymphocytes in healthy individuals could be a
surrogate for the specific changes associated with carcinogen-
esis and therefore indicative of risk.15 Much other in vitro and
in vivo radiobiological data suggest small adverse effects of
moderate dose exposure—in particular there is little data to
suggest a threshold in dose, or possible hormetic (beneficial)
effects of low-dose radiation exposure.9, 15, 16
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In summary, excess cancer risks have been seen in a num-
ber of (largely pediatrically- or in utero-exposed) groups. Ex-
cess risks of circulatory disease and cataracts have also been
observed in a number of groups exposed to low or moderate
doses. The available data on biological mechanisms do not
provide general support for the idea of a low-dose threshold
or hormesis for any of these endpoints. This large body of ev-
idence does not suggest, indeed is not statistically compatible
with, any large threshold in dose (>10 mGy), or with possible
beneficial effects.

Rebuttal: Mohan Doss, Ph.D.

Dr. Little quotes the consistency of childhood cancer risk fac-
tors from Oxford and Japanese studies as evidence for car-
cinogenicity of in utero LDR.10 However, for the Japanese
cohort, leukemias were observed only following high dose
radiation (HDR), and the risk coefficients were calculated us-
ing an assumed LNT model, creating the illusion of increased
risk of leukemias from LDR whereas none was observed.10

Also, cohort studies, which are superior to case-control stud-
ies, have not shown increased leukemia risk.17

The study of childhood leukemias correlated with back-
ground radiation11 does not consider confounding factors
such as breastfeeding. Small changes in the results from con-
sideration of such factors could make the increased leukemias
statistically insignificant. The study of childhood cancers
following CT scans12 has methodological issues including
the lack of a control group, raising major doubts about its
conclusion.18

With regard to heart disease, the meta-analysis13 combined
LDR and HDR data, effectively transferring HDR risk to LDR
as described in a detailed critique.19 Regarding cataracts,
Chernobyl and atomic bomb survivor data do show a thresh-
old dose for cataracts requiring surgery.14

Although Dr. Little expressed concerns regarding LDR-
induced chromosome changes, mutation is not the primary
determinant of clinical cancer, whereas deficiency in im-
mune system is an important factor.2 Since LDR increases
immune system response,20 it would reduce the cancer
risk.2

Finally, Dr. Little quoted the UNSCEAR 1993 Report16 as
lack of evidence for the beneficial effects of LDR. However,
Annex B of the UNSCEAR 1994 Report did discuss the bene-
ficial effects of LDR. Also, many publications in recent years
have demonstrated the disease-preventive effect of LDR for
cancer and noncancer diseases.2, 4, 21

In conclusion, since the opposing arguments presented by
Dr. Little are explainable as discussed above, considering the
arguments and evidence presented in my Opening Statement,
we can indeed conclude confidently that LDR is beneficial,
not harmful.

Rebuttal: Mark P. Little, D.Phil.

Dr. Doss discusses the well-known involvement of the im-
mune system in cancer, and more generally the role of adap-
tive response. The critical issue is whether the up-regulation

of the immune system or other forms of adaptive response
that may result from a radiation dose offsets the undoubted
carcinogenic damage that is caused. The available evidence,
summarized in my Opening Statement, is that it does not, and
that, given the similarities in risks per unit dose following
exposures to very low doses of radiation and with those af-
ter moderate dose radiation exposure,10–12, 15 the nonlineari-
ties induced by any adaptive response cannot be substantial.
While adaptive response modulating the effect of relatively
high challenge doses of radiation (of several Gy) following a
smaller priming dose (of usually at least several tens of mGy)
is well known experimentally (mostly in vitro), it is not uni-
versally observed in all experimental systems, nor does it last
more than a few days, and there is little or no evidence for its
involvement at low priming and challenge doses.22, 23

Responding to the points relating to existence of a possi-
ble dose threshold, or hormetic effect, there is no evidence for
these either for cancer24, 25 or for noncancer disease26 in the
Japanese atomic-bomb survivors. Naturally, thresholds below
a certain size cannot be ruled out by the Japanese data, but
the evidence suggests that thresholds cannot be larger than
about 60 mSv for cancer24, 25 or larger than about 0.9 Sv for
noncancer disease.26 Taken together with the other data dis-
cussed above,10–12 thresholds or hormetic effects much above
10 mGy can be largely discounted for cancer.
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