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To the Editor

I read with interest the recent review article by Brenner1

published in the British Journal of Radiology entitled
“What we know and what we don’t know about cancer
risks associated with radiation doses from radiological
imaging”. I am concerned that the references Brenner
used to claim the carcinogenicity of low-dose radiation
were outdated, discredited, incomplete or irrelevant,
resulting in painting a misleading picture of the current
state of knowledge on the health effects of low-dose ra-
diation. For example, in referring to increased cancer
risks in low-dose cohorts of atomic bomb survivors,
Brenner used publications from 20072 and 2011,3 when
newer updated data on the survivors had been published
in 2012 by Ozasa et al.4 The newer data, with improved
statistics, display a significant non-linearity (curvature) in
the dose–response curve arising from lower than expec-
ted cancer mortality rates for the doses near 50 cGy, as
indicated by the following statements in the article: “the
curvature over the 0–2 Gy range … has become signifi-
cant with longer observation” on p. 234 and “the ap-
parent upward curvature appears to be related to
relatively lower than expected risks in the dose range
0.3–0.7 Gy, a finding without a current explanation” on
p. 238. Although the linear no-threshold model used by
Ozasa et al4 can provide no explanation for the reduction
of cancers in this dose region, an analysis has shown that
the data are consistent with the concept of radiation
hormesis,5 implying a reduction of cancer risk for low
radiation doses. In addition, although Ozasa et al4 claimed
zero dose to be the best estimate of the threshold dose for
cancer risk from radiation, such a conclusion resulted from
their use of a restricted functional form for dose–response
in performing the dose-threshold analysis. An analysis with
a more general functional form has shown that the pres-
ence of a dose threshold cannot be excluded.5 A recently
published analysis of the atomic bomb survivor data using
artificial neural networks has also shown the presence of
a threshold dose that varies with the type of cancer and the
reduction of some cancers at low doses.6

Another reference Brenner used for justifying low-dose
radiation cancer concerns is the 15-country study of radi-
ation workers.7 Although the study showed slightly in-
creased cancer risk among the radiation workers exposed
to low-dose radiation, the conclusion relied heavily on the
higher cancer risk observed in the Canadian data.8 A report
on the reanalysis of the Canadian data published more than
2 years ago stated that the data had been found to be
defective and was being withdrawn.9 Without the Canadian
data, the 15-country study would not show an increased
risk of cancer from low-dose radiation.10

A third data set Brenner used was the Oxford study11 of
childhood cancers, a case–control study that showed in-
creased risk of childhood cancers following prenatal radiation.
Major deficiencies have been identified in this study, and
publications have raised doubts about a causal link between
prenatal radiation and childhood leukaemias observed in such
studies, since cohort studies involving much higher radiation
doses in atomic bomb survivors have failed to show the in-
creased risk of childhood leukaemias.12 Other large cohort
studies have also failed to show any increased risk of cancers.13

Since cohort studies are considered to be higher in the hier-
archy of evidence than case–control studies, Brenner’s ex-
clusive reference to the Oxford study11 of childhood cancers
without discussion of the cohort data presented a misleading
picture on the current state of knowledge for the carcinogenic
risks of prenatal diagnostic radiation.

A fourth type of data that Brenner referred to was from the
studies of childhood cancers in children who had undergone
CT scans.14,15 Major issues have been identified in these
studies, including features of the study design.16,17 One major
problem with such studies is that there is a potential for
confounding by reverse causation. As described by Walsh
et al,16 the early appearance of solid cancers after the first CT
scan, the absence of excess breast cancers (expected to occur
owing to the high radiosensitivity of the breast) and the sig-
nificant excesses of melanoma and Hodgkin’s lymphoma
(which have not been observed in larger radiation studies)
indicate reverse causation could be the reason for the observed
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increased cancer risk in the Mathews et al14 study. One major
deficiency of the Pearce et al15 study is that they did not have
a control group.17 A comparison of leukaemia rates reported in the
general paediatric population in the UKwith the rates observed in
the Pearce et al15 study indicates that the children who had un-
dergone CT scans did not have a higher incidence of leukaemias.17

Regarding very low doses of radiation, i.e.,1mGy, Brenner has used
irrelevant data (i.e. data from much higher exposures, as discussed
below) to infer that the effects of such radiation doses are unknown.
While referring to cancer risks from such doses, Brenner lamented
the absence of data at these doses and said that this has led to
uncertainty and controversy regarding the health effects at very low
doses. Brenner then stated “As an example, three studies of historical
mortality risks in radiologists concluded that there was a statistically
significant increase in risk, a statistically significant decrease in risk
or that there was no significance difference compared with other
physicians”. These studies, however, correspond to different time
periods with different levels of average annual radiation doses to the
radiologists (Figure 1).18 The studies of radiologists entering into
service when the average dose to radiologists was 0.9–9 Sv per year
showed increased cancer mortality, while studies with radiologists
averaging initial annual doses of 5–10 cSv showed reduced cancer
mortality and studies, with cohorts having initial annual doses of
approximately 1mSv showed no effect on cancer mortality. Hence,
the statement Brennermade referring to these data “This diversity is
not surprising given the limited power of such studies, and in-
terpretation of all results at very low doses, whether in vitro or
in vivo, should be undertakenwithmuch caution” does not have any
validity. On the other hand, these data illustrate the cancer pre-
ventive effect of radiation for annual doses of approximately 5 cSv,
carcinogenic effect of annual doses greater than approximately 1 Sv
and no effect on cancers from annual doses of approximately 1mSv.

Brenner concludes that there is a small risk of cancer from higher
dose examinations, such as CT scans, does not have any credible
supporting evidence. Nor is there uncertainty of cancer risk from
very low doses, as claimed by Brenner. On the other hand, con-
siderable amounts of evidence exist for the cancer preventive effect
of the radiation doses corresponding to several CT scans in a year
(using a nominal dose of 1 cSv per CT scan), with the risk of
cancer increasing only for doses corresponding to hundreds of CT
scans in a year. Hence, his recommendation to use the lowest

possible doses for radiological examinations does not have any
justification either, since the reduced image quality from such
efforts may adversely affect the diagnostic utility of the studies,
potentially harming the patient while not reducing the risk of
cancer.

Unjustified carcinogenic concerns raised in articles by Brenner19

and others20,21 over the past few decades have led to a tremen-
dous expenditure of resources towards dose-monitoring and
dose-reduction efforts in diagnostic imaging. The carcinogenic
concerns regarding diagnostic imaging may well have harmed
patients’ health because of their refusal to undergo indicated
diagnostic imaging studies or owing to physicians prescribing
diagnostic studies using suboptimal imaging modalities. Readers
are advised to scrutinize such articles critically and challenge
their conclusions. Professionals and professional organizations
in the field of diagnostic imaging should affirm the safety of
diagnostic imaging when such unjustified claims are made and
assure the public confidently that the radiation doses from
diagnostic imaging are safe and do not cause any cancers.
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