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I am responding to comments received from many members of the public who have raised major concerns
regarding the recent petitions to discontinue the use of the linear no-threshold (LNT) model for establishing
radiation safety regulations, and the proposed higher radiation dose limits for the public. These concerns are
based on a misunderstanding that exists regarding cancer and radiation effects in our society.

1. Misunderstanding of the Primary Reason for Cancers
It is generally accepted that the primary reason for cancer is the transformation of a normal cell into a cancer
cell through mutations. In fact, this transformation is generally referred to as carcinogenesis. A recent
publication noted that almost everyone has cancer cells in their bodies (Greaves, 2014). However, everyone
does not have cancer, as the lifetime probability of developing or dying from cancer are ~43% and ~23%
respectively in the USA, for example (ACS, 2014). In an autopsy study, the presence of cancer cells was
determined as a function of age (Imaida et al., 1997) (Figure 1). Whereas the percentage of patients having
cancer cells was found to be relatively unchanged from age ~50 to age ~80, cancer mortality rates is known to
increase by more than an order of magnitude between these ages (WHO, 2011) (Figure 2), indicating
something other than cancerous mutations is the primary cause of clinical cancers. If cancerous mutations are
not the primary cause of cancers, what is?

Figure 1. Percentage of
autopsy patients having
cancer as a function of age.

Figure 2. Cancer mortality
rate in Japan as a function of
age.
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One hint is given by the observation that when the
immune system is suppressed, e.g. in organ
transplant or HIV patients, cancer risk increases by
a factor of 3 to 4 (Oliveira Cobucci et al., 2012)
(Figure 3). This is a huge increase, and indicates
suppression of the immune system may be the
primary cause of the cancers. Many characteristics
of cancers are consistent with this point of view
that cancers are caused by the suppression of the
immune system. For example, (A) As we age, our
immune system response reduces significantly
(Levin, 2012) (Figure 4), and indeed cancer risk
increases drastically with age (Figure 2).

Figure 3. Standardized Incidence
Ratio for Cancers in immune
suppressed transplant recipients
and HIV/AIDS patients.

Figure 4. Immune
system response as a
function of age.

(B) Increased rate of breastfeeding which boosts the immune system, and (C) earlier childcare attendance
which subjects children to increased rate of infections and stimulation of the immune system, reduce the risk
of childhood leukemias (Rudant et al., 2015) (Figures 5 & 6).

Figure 5. Odds Ratio for Acute Lymphocytic
Leukemia as a function of breastfeeding
duration.

Figure 6. Odds Ratio for Acute Lymphocytic
Leukemia as a function of age at start of
daycare attendance.
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(D) Vigorous exercise, which causes increased DNA damage (Fogarty et al., 2011) (Figure 7) and boosts the
immune system response (Simpson et al., 2012) (Figure 8), reduces the risk of cancers (Orsini et al., 2008)
(Figure 9), consistent with the immune suppression model of cancer and contrary to the mutation model of
cancer.

Figure 7. DNA damage from
exercise as a function of exercise
intensity

Figure 8. Effect of exercise on
immune system response

(E) In young growing age, when cells are dividing at the highest rates, they
would be most susceptible to mutations, and so the accumulation of
mutations would occur at the highest rates, as has been observed in an
animal study, for example (DeGregori, 2013) (Figure 10). Based on this, the
mutation model of cancer would suggest that cancer rates would reach a
high level at a young age. The immune system response, on the other
hand, is at the highest level at young age (Levin, 2012) (Figure 4), leading
to the prediction that cancer rates would be at the lowest levels at young
age, using the immune suppression model of cancer. The very low cancer
rates observed in young age is therefore not consistent with the mutation
model of cancer but is consistent with the immune suppression model of
cancer.
Summarizing, though mutations are necessary for causing cancers, they
are not the primary cause of cancers, and suppression of the immune
system is a key factor that causes cancers.

Figure 9. Effect of exercise on
cancer mortality rate

Figure 10. Accumulated
mutations and Lymphoma
incidence as a function of age in
C57BL6 mice.
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2. Misunderstanding of the effect of low-dose radiation on cancer
Since radiation causes mutations, using the widely accepted
mutation model of cancer, it is generally believed that even the
smallest amount of radiation can increase mutations and so can
increase the risk of cancer. This is the basis of the LNT model.
However, we have seen that there are naturally occurring
mutations including cancerous ones in almost everyone (Greaves,
2014). When there is a low level of radiation exposure, the
damage caused by it would stimulate the defenses in the body,
and these increased defenses would reduce the amount of
mutations that would have occurred naturally (Feinendegen et
al., 2013), resulting in less mutations overall. This has been
observed in animal studies, e.g. (Osipov et al., 2013) (Figure 11).
Thus, there is no justification for the LNT model even using the
mutation model of cancer, since a small amount of radiation does
not increase but decreases the overall mutations. The major error
in formulating the LNT model was that the defensive responses of
the body and their effect on the naturally occurring mutations
were completely ignored.

Figure 11. DNA damage observed at 40, 80,
and 120 days following chronic low-dose
irradiation in mice.

Another effect of low-dose radiation is that it stimulates the
immune system (Yang et al., 2014) (Figure 12). As noted earlier,
the boosted immune system would reduce cancers. This cancer
preventive effect of low-dose radiation, known as radiation
hormesis, was proposed in 1980 (Luckey, 1980) as a method of
reducing cancers.
The above arguments suggest that low levels of radiation would
reduce, rather than increase cancers as predicted by the LNT
model. Which of these opposing predictions is correct? The
scientific way of deciding between competing hypotheses is to
perform experiments and compare the results with predictions Figure 12.Number of activated natural
from the hypotheses. However, since the LNT model was adopted killer cells as a function of radiation
without any evidence for its validity in the 1950s, it caused fear of dose.
the smallest amount of radiation, and so blocked prospective
human studies of the cancer preventive effect of low levels of radiation. Though such prospective studies
could not be conducted, there is indeed considerable amount of data from studies of population groups that
have been exposed incidentally or accidentally to radiation. There have also been some clinical trials using
low-dose radiation for the treatment of cancers. I will discuss some of these data now.

5

3. Studies of populations exposed to low levels of radiation
On several occasions in the past, populations have been incidentally or accidentally exposed to low levels of
radiation over prolonged periods of time. The graph below shows data on cancer rates in some of these
population groups, with radiation dose on the X-axis and estimated normalized cancer mortality rates (100
being the estimated cancer mortality rate for the un-irradiated control group) on the Y-axis. It is clear from
examining the green data points that cancer rates have reduced following exposure to low-dose radiation. The
red dashed line shows the effect of low-dose radiation on normalized cancer mortality rates, as predicted by

Figure 13. Normalized cancer mortality rates according to the linear no-threshold
(LNT) model (red dashed line) using radiation cancer risk factors recommended in
BEIR VII report(NRC, 2006) are compared to evidence (green data points) as a
function of radiation dose. Also plotted are normalized age-adjusted cancer
mortality rates in USA as a function of year (blue solid line). Baseline cancer rate is
displayed as a grey band to show the variability of cancer rates from year to year.
The blue dots in the band show the cancer mortality rates in Japan for the period
1960-1994, a period during which the cancer rates were relatively stable. Data
plotted are from various studies: Taiwan – Study of apartment residents in Taiwan
exposed to radiation from contaminated building materials(Hwang et al., 2006);
NSWS - Study that compared cancer mortality rates between radiation workers
and non-radiation workers in US nuclear shipyards(Sponsler and Cameron, 2005);
British Radiologists – Cancer mortality rate in male British radiologists who entered
the field during 1955-79 in comparison to male general practitioners(Berrington et
al., 2001); Mayak – Cancer mortality rate in population evacuated from villages
near Mayak nuclear weapons facility (Kostyuchenko and Krestinina, 1994). (See
the report at https://goo.gl/rPghvr for more details on the data points plotted).

the LNT model, using the radiation cancer mortality risk factors recommended by BEIR VII Report (NRC, 2006).
It is clear the LNT model is not consistent with the data. The grey band indicates the range of normalized
cancer rates that would be observed in the absence of radiation, using the example of cancer rates in Japan
during the period 1960-1994 (FPCR, 2013) (black dots on the graph), a period during which cancer rates were
relatively stable. The blue line shows normalized age-adjusted cancer mortality rates during the period
1960-2007 in the USA (Remington and Brownson, 2011).

4. Harm from LNT model-based regulations
LNT model based regulations, by requiring reduction of radiation dose from 50 mSv (a dose someone might
receive but for the regulations) to 1 mSv (annual dose limit for the public), claim to reduce cancer rates from A
to B (Figure 13). In view of the year-to-year variation in cancer rates (grey band), this cannot be considered to
be any reduction in cancer rates, since both A and B are within the grey band, the range of variation of cancer
rates over the years. In reality, considering cancer outcomes observed in populations incidentally or
accidentally exposed to low-dose radiation (green data points), these regulations have likely increased cancer
rates by taking them from C to B and also prevented studies that could have reduced cancers to the level D
(~30% reduction) (Figure 13). Cancer mortality rates in USA have remained stubbornly high at level E, there
being only ~7% reduction in cancer mortality rates in 2007 in comparison to the rates in 1960 (Figure 13), with
little progress in ~50 years (Remington and Brownson, 2011), in spite of tremendous investments and efforts
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in the war on cancer. This graph makes it clear the regulations have harmed the public by preventing the study
and use of radiation hormesis for reducing cancers.
Let us now examine some additional data on the effect of radiation on cancers.

5. Atomic Bomb Survivor Data
It is widely recognized that the most important data for determining the health effects of radiation are the data from the
atomic bomb survivors. For example, (Hall and Brenner, 2008) claimed that these are the gold standard data for
estimating the health effects of low-dose radiation. The BEIR VII Report from National Academy of Sciences stated (on p.
141) that these are “the single most important source of data for evaluating risks” of low-dose radiation. Are these data
consistent with the LNT model?
The atomic bomb survivor data, after the latest update (Ozasa et al., 2012),
no longer support the LNT model, because the dose-response data are not
linear any longer, and have a significant curvature (see Figure 14). Ozasa et
al. state: “The curvature over the 0-2 Gy range has become stronger over
time, going from 0.20 for the period 1950–1985 to 0.81 for 1950–2003, and
has become significant with longer observation”. This significant curvature,
resulting from reduction of cancers when the radiation dose increases from
~0.25 Gy to ~0.5 Gy, cannot be explained by the LNT model. There is a
possible explanation for the curvature using the radiation hormesis model,
as explained in the publications (Doss, 2012, Doss, 2013). This idea, that
the atomic bomb survivor data no longer support the LNT model, is being
accepted implicitly by more and more scientists. For example, in the
recently published debate in Medical Physics journal (Doss et al., 2014), the
Figure 14: Excess relative risk for solid
proponent of the LNT model did not use the atomic bomb survivor data to
justify low-dose radiation cancer risk in his opening statement whereas in cancer mortality in atomic bomb
the 2009 debate in Radiology on the subject (Little et al., 2009), these data survivors as a function of dose.
played a prominent role, as he stated "Most of the information on radiation-induced cancer risk comes from (a) the
Japanese atomic bomb survivors (b) .....". Ian Fairlie, in his Comments to NRC http://www.ianfairlie.org/wpcontent/uploads/2015/08/US-NRC-Consultation-4-1.pdf, did not refer to the latest atomic bomb survivor data to justify
his concerns regarding low-dose radiation, after having referred to the atomic bomb survivor study as a major study in
2011 http://www.ianfairlie.org/news/are-radiation-risks-overrated/. In a recent article on the subject (Brenner, 2014),
the author used older atomic bomb survivor data (Preston et al., 2007) to justify cancer concerns from low-dose
radiation, ignoring the latest data (Ozasa et al., 2012). When he was challenged in a Letter to the Editor (Doss, 2014) for
this omission and other errors in his publication, he had no rebuttal to the arguments. Thus, the change in the status of
the atomic bomb survivor data is being recognized implicitly by authors of publications that have supported the LNT
model, though they have not acknowledged it explicitly.
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6. 15-Country Study of Radiation Workers

Figure 15. Excess relative risk/Sv for all
cancers in radiation workers of
different countries and for all combined
in the 15-country study. Error bars
indicate 95% CIs.

Another dataset that has been used to claim increased cancers from low-dose
radiation are the 15-country study of radiation workers (Cardis et al., 2005).
When the data for all the countries are combined, the analysis showed
statistically significant increased risk of cancers among the radiation workers
who had been exposed to an average of 20 mSv radiation dose (See Figure 2). As
seen in the figure, the Canadian data show a much higher excess risk of cancer
when compared to other countries’ data. The authors stated in the publication
that if the Canadian data were excluded, the overall data would no longer show
a significant excess relative risk of cancers. Canadian Nuclear Safety Commission
(CNSC) investigated the discrepancy and found major problems with the data. As
a result, CNSC withdrew the Canadian data from use (CNSC, 2011). A revised
analysis indicates the Canadian worker risk estimates would be substantially
reduced (Zablotska et al., 2014). Hence, the conclusion of the 15-country study
would be that cancer risk is not increased following low-dose radiation
exposures.

7. Studies of Cancers following Childhood CT scans
Two recently published studies, (Pearce et al., 2012) and (Mathews et al., 2013), have claimed increased cancers
following childhood CT scans. These articles received high publicity in popular media, and have been cited in many
publications to claim that cancers are caused by low level radiation exposure to children. Both of these studies have
been discussed by several authors pointing out the major flaws in them, e.g. (Cohen, 2013), (Walsh, 2013), (Boice,
2013), (Walsh, 2014), (Socol, 2015), (Harvey, 2015). One of the main flaws is the likelihood of reverse causation, because
the authors did not take into consideration the reason why the CT scans were performed. When the reasons for the CT
scans were taken into consideration, two studies (Journy, 2015), (Krille et al., 2015) have shown no significant increased
risk of cancers following pediatric CT scans. The Mathews and Pearce studies are examples of faultily designed studies
that “demonstrate” increased cancer risk from low-dose radiation.

8. INWORKS study of leukemias and solid cancers in nuclear industry
workers in France, UK, and USA
INWORKS study wanted to answer the question: “Does increased radiation exposure over an extended period of time
increase the risk of leukemias and solid cancers?”, by studying leukemias (Leuraud et al., 2015) and solid cancers
(Richardson et al., 2015) as a function of occupational radiation dose in nuclear industry workers during the period 1944
to 2004 in France, USA, and UK. If the occupational radiation dose were the most important part of radiation dose that
the workers received, and other radiation doses they received during the study period (1944-2004) were relatively
unchanged, then their study design would indeed be reasonable for answering the question they posed. However, as is
well known, medical radiation dose increased considerably during this time period (NCRP, 2009), and occupational
radiation dose in nuclear industry reduced drastically in the same period (Thierry-Chef et al., 2015). Therefore, during
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the later period of the study, the medical radiation doses the workers received, assuming they underwent similar
amounts of diagnostic examinations as the average members of the public, would be significant in relation to their
occupational doses. Not including the medical radiation dose into consideration is therefore a major error in the design
of these studies. In addition there were other major flaws, rendering the conclusion of the studies not trustworthy
(Doss, 2015b, Doss, 2015a).

9. Claims of increased thyroid cancers in Fukushima children
A recent publication (Tsuda et al., 2015) has claimed increase in the rates of thyroid cancers in Fukushima area children
by a factor of about 30 in the years following the Fukushima nuclear reactor accidents in 2011, in comparison to the
observed thyroid cancer rates in Japan. As described in the detailed analysis (Boisvert, 2015), the reported results are
likely due to increased screening for thyroid cancers in the Fukushima children. It should be noted that the thyroid dose
to children were low in the Fukushima children, as indicated in Table 6 of (UNSCEAR, 2013) (maximum of ~80 mGy). In
another study, children who were subjected to median dose of ~1 Gy to thyroid from diagnostic administration of I-131
did not exhibit increased thyroid cancer risk (Hahn et al., 2001).

10. Claim of increased leukemias in children exposed to higher background
radiation levels
A recent study (Kendall et al., 2013) has claimed that there were increased leukemias in children exposed to
higher background radiation levels. Breastfeeding and childcare attendance are known to be important factors
that affect childhood leukemias (Amitay and Keinan-Boker, 2015, Rudant et al., 2015). These were not
considered as confounding factors in the (Kendall et al., 2013) study. Since relative risk per mSv was 1.07 (with
95% CI: 1.01-1.13) small changes in these confounding factors could make the excess risk not significant.
Hence, we should await better studies which take into account the major confounding factors before
considering the excess risk estimation from this cohort.

11. Note on publications claiming that low-dose radiation inceases cancer risk
The above described situation, that publications report increased cancer risk from low-dose radiation because
of faulty data or analysis, is very common. Such publications receive high publicity in popular media, spreading
the fear of low-dose radiation among the public. When corrections or criticisms are published showing the
conclusions of such publications are no longer valid, these are not even mentioned in popular media, as they
are not sensational. The misinformation therefore persists among the public.
As seen in the above examples, publications claiming that low-dose radiation increases cancer risk do not
have a reliable record, with faults being identified sometime after they are published, negating their
conclusions. I would suggest popular media and the public do not pay attention to such publications for
several years to see if they withstand scrutiny by the scientific community.
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13. Evidence for no increase in cancers following low-dose radiation exposures
Several studies have shown the existence of a large threshold dose, below which increased cancers do not
occur following radiation exposure. The data from some of these studies are shown below.

Figure 16. Leukemias in
Hiroshima survivors
(UNSCEAR, 1958)

Figure 19. Breast cancer mortality in
Canadian TB patients who underwent
fluoroscopies. (Howe and McLaughlin,
1996)

Figure 17. Bone sarcomas in
radium dial painters (Evans,
1974)

Figure 18. Breast cancers in
Canadian TB patients who
underwent fluoroscopies.
(Miller et al., 1989)

Figure 20. Second cancers in
radiation therapy patients.
(Tubiana et al., 2011)

14. Repeated low-dose radiation treatments improved survival of cancer
patients, performing as well or better than chemotherapies
Several clinical trials involving cancer patients showed that low-dose radiation treatments (TBI=Total Body
Irradiation, HBI=Half-Body Irradiation) resulted in patient survival as good or better than chemotherapies
(COP, CHOP) (Chaffey et al., 1976, Pollycove, 2007), and such treatments, used to supplement standard
radiation therapy, resulted in better patient survival (Sakamoto, 2004). (Figures 21-23)
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Figure 21. Survival of
lymphosarcoma patients
treated with low-dose
radiation (TBI) and
chemotherapy (COP)

Figure 22. Survival of nonHodgkin’s lymphoma patients
who were given low-dose
radiation treatments (TBI) or
chemotherapy (CHOP)

Figure 23. Survival of nonHodgkin’s lymphoma radiation
therapy patients who were
given low-dose radiation
treatments (TBI or HBI)

15. Concerns regarding low-dose radiation exposures to genetically susceptible
individuals
Concerns have been expressed about the potential harm from low-dose radiation exposure to genetically
susceptible individuals, e.g. (Brenner, 2015). In this presentation, Brenner quoted a study of meningiomas in
patients treated for tinea capitis which showed that genetically susceptible people had increased risk of
developing radiation-induced meningiomas (Flint-Richter and Sadetzki, 2007). However, this study involved
high doses of radiation, and its conclusion cannot be extrapolated to low doses.

16. Concerns regarding higher sensitivity of children to
radiation
Concerns have been expressed about children’s higher radiosensitivity with
reference to the increased use of pediatric CT scans (Brenner et al., 2001). One
of the reasons quoted is the increased lifetime cancer risk per unit dose among
atomic bomb survivors who were exposed at younger ages (Figure 24 shows
newer data on these risks). However, the excess cancers were observed in the
survivors exposed to high radiation doses only, and only be using LNT
extrapolation can these risks be transferred to low doses. Such an extrapolation
does not have any justification since the LNT model does not have any valid
supportive evidence, as seen above.

Figure 24. Excess absolute
risk vs. Age attained, for
atomic bomb survivors
exposed at different ages.
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Another reason generally quoted for the increased radiosensitivity of children is that they have more dividing
cells and so are more susceptible to radiation-induced mutations. This reasoning ignores the defensive
response to low-dose radiation exposure which would reduce the overall accumulated mutations
(Feinendegen et al., 2013, Osipov et al., 2013), and so would reduce the cancer risk using the mutation model
of cancer. Using the immune suppression model of cancer, since children have the highest immune system
response (Levin, 2012), and low-dose radiation boosts the immune system (Yang et al., 2014), children would
face reduced risk of cancer following low-dose radiation exposures. Thus, the concerns expressed regarding
higher sensitivity of children to low-dose radiation are not justified.

16. Opposing views on cancer risk from low-dose radiation
The evidence quoted in the pages above presents a coherent view of the health effects of low-dose radiation,
that it reduces cancer risk. There is no ambiguity in this conclusion. Though many publications have claimed
that low-dose radiation increases cancer risk, I have discussed several such publications and have shown why
their conclusions should be rejected because of updates to the data, identification of major flaws in them, etc.
Many scientists and advisory bodies have however reached an opposite conclusion, that low-dose radiation
increases cancer risk, after analyzing scientific literature. One of the reasons for this difference is that these
scientists and advisory bodies have failed to take into consideration published data such as shown above
without providing any reasons. For example, the BEIR VII Report (NRC, 2006) and the BEIR VIII scoping meeting
failed to consider the data discussed above. Similarly, scientists opposing the NRC petitions, e.g. Ian Fairlie,
have also failed to consider these data but have utilized already discredited data to justify low-dose radiation
cancer concerns. Since the conclusions from such incomplete analyses are more sensational, they receive
more publicity in popular media, perpetuating the misconception among the public that low-dose radiation
increases cancer risk.

17. Conclusion
In summary, we have seen that exposure to low-dose radiation in many different ways, including relatively
high cumulative doses when received over an extended period of time, has resulted in no increased cancer
risk or reduced cancer risk, completely contradicting the LNT model. Though there are many publications that
have claimed support for the LNT model, they have major flaws in them raising major doubts about their
conclusions. The most important data for estimating health effects of radiation, the atomic bomb survivor
data, no longer support the LNT model with the recent update to the data, and the data are more compatible
with radiation hormesis model. Thus, there is no longer any justification for the continued use of the LNT
model. In view of the observed cancer preventive effect of low-dose radiation, there should be no concerns
among the public regarding low levels of radiation exposures. A massive education program needs to be
initiated to educate the public about the health effects of low-dose radiation and allay their concerns about
the proposals in the NRC petitions.
Disclaimer: These comments are the personal professional opinions of the author and do not necessarily
represent those of his employer.

12

References
ACS. 2014. Lifetime Risk of Developing or Dying From Cancer [Online]. American Cancer Society. Available:
http://www.cancer.org/cancer/cancerbasics/lifetime-probability-of-developing-or-dying-from-cancer [Accessed
Nov 11, 2015].
Amitay, E. L. & Keinan-Boker, L. 2015. Breastfeeding and Childhood Leukemia Incidence: A Meta-analysis and
Systematic Review. JAMA Pediatr, 169, e151025. Available: http://www.ncbi.nlm.nih.gov/pubmed/26030516
Berrington, A., et al. 2001. 100 years of observation on British radiologists: mortality from cancer and other causes 18971997. Br J Radiol, 74, 507-19. Available: http://www.ncbi.nlm.nih.gov/pubmed/11459730
Boisvert, W. 2015. Nope—There’s No Thyroid Cancer Epidemic in Fukushima [Online]. The Breakthrough Institute.
Available:
http://thebreakthrough.org/index.php/issues/nuclear/nopetheres-no-thyroid-cancer-epidemic-infukushima [Accessed Nov 2, 2015].
Brenner, D., et al. 2001. Estimated risks of radiation-induced fatal cancer from pediatric CT. AJR Am J Roentgenol, 176,
289-96. Available: http://www.ncbi.nlm.nih.gov/pubmed/11159059
Brenner, D. J. 2014. What we know and what we don't know about cancer risks associated with radiation doses from
radiological imaging. Br J Radiol, 87, 20130629. Available: http://www.ncbi.nlm.nih.gov/pubmed/24198200
Brenner, D. J. 2015. Estimating Cancer Risks at Very Low Doses. In: Planning Towards the BEIR VIII Report. Nuclear
and Radiation Studies Board, National Academy of Sciences. Available: http://dels.nas.edu/resources/staticassets/nrsb/miscellaneous/BEIRBrenner.pdf
Cardis, E., et al. 2005. Risk of cancer after low doses of ionising radiation: retrospective cohort study in 15 countries. The
BMJ, 331, 77. Available: http://www.ncbi.nlm.nih.gov/pubmed/15987704
Chaffey, J. T., et al. 1976. Total body irradiation as treatment for lymphosarcoma. International Journal of Radiation
Oncology*Biology*Physics, 1, 399-405. Available: http://www.ncbi.nlm.nih.gov/pubmed/823140
CNSC. 2011. INFO-0811. Verifying Canadian Nuclear Energy Worker Radiation Risk: A Reanalysis of Cancer Mortality
in Canadian Nuclear Energy Workers (1957-1994) Summary Report, Canadian Nuclear Safety Commission.
[Online]. Available: http://nuclearsafety.gc.ca/pubs_catalogue/uploads/INFO0811_e.pdf Published June 2011.
[Accessed Accessed Sep 1, 2013].
DeGregori, J. 2013. Challenging the axiom: does the occurrence of oncogenic mutations truly limit cancer development
with age? Oncogene, 32, 1869-1875. Available: http://www.ncbi.nlm.nih.gov/pubmed/22751134
Doss, M. 2012. Evidence supporting radiation hormesis in atomic bomb survivor cancer mortality data. Dose Response,
10, 584-92. Available: http://www.ncbi.nlm.nih.gov/pubmed/23304106
Doss, M. 2013. Linear No-Threshold Model vs. Radiation Hormesis. Dose Response, 11, 480-497. Available:
http://www.ncbi.nlm.nih.gov/pubmed/24298226
Doss, M. 2014. Radiation doses from radiological imaging do not increase the risk of cancer. Br J Radiol, 87, 20140085.
Available: http://www.ncbi.nlm.nih.gov/pubmed/24641172
Doss, M. 2015a. INWORKS study does not provide evidence for increase in solid cancers from protracted exposure to
low
doses
of
ionising
radiation.
BMJ,
Rapid
Responses.
Available:
http://www.bmj.com/content/351/bmj.h5359/rr
Doss, M. 2015b. INWORKS study: risk of leukaemia from protracted radiation exposure. The Lancet Haematology, 2,
e404-e405. Available: http://dx.doi.org/10.1016/S2352-3026(15)00145-3
Doss, M., et al. 2014. Point/Counterpoint: Low-dose radiation is beneficial, not harmful. Med Phys, 41, 070601.
Available: http://www.ncbi.nlm.nih.gov/pubmed/24989368
Evans, R. 1974. Radium in Man. Health Physics, 27, 497-510. Available: http://journals.lww.com/healthphysics/Abstract/1974/11000/Radium_in_Man.10.aspx
Feinendegen, L. E., et al. 2013. Hormesis by Low Dose Radiation Effects: Low-Dose Cancer Risk Modeling Must
Recognize Up-Regulation of Protection. In: BAUM, R. P. (ed.) Therapeutic Nuclear Medicine. Springer.
Available: http://link.springer.com/chapter/10.1007/174_2012_686
Flint-Richter, P. & Sadetzki, S. 2007. Genetic predisposition for the development of radiation-associated meningioma: an
epidemiological study. Lancet Oncol, 8, 403-10. Available: http://www.ncbi.nlm.nih.gov/pubmed/17466897
Fogarty, M. C., et al. 2011. Exercise-induced lipid peroxidation: Implications for deoxyribonucleic acid damage and
systemic
free
radical
generation.
Environ
Mol
Mutagen,
52,
35-42.
Available:
http://www.ncbi.nlm.nih.gov/pubmed/20839226

13
FPCR. 2013. Cancer Statistics in Japan, 2013 [Online]. Foundation for Promotion of Cancer Research. Available:
http://www.fpcr.or.jp/publication/pdf/gantoukei13.pdf [Accessed March 18, 2015].
Greaves, M. 2014. Does everyone develop covert cancer? Nat Rev Cancer, 14, 209-210. Available:
http://www.ncbi.nlm.nih.gov/pubmed/25688403
Hahn, K., et al. 2001. Thyroid cancer after diagnostic administration of iodine-131 in childhood. Radiat Res, 156, 61-70.
Available: http://www.ncbi.nlm.nih.gov/pubmed/11418074
Hall, E. J. & Brenner, D. J. 2008. Cancer risks from diagnostic radiology. Br J Radiol, 81, 362-78. Available:
http://www.ncbi.nlm.nih.gov/pubmed/18440940
Howe, G. R. & McLaughlin, J. 1996. Breast cancer mortality between 1950 and 1987 after exposure to fractionated
moderate-dose-rate ionizing radiation in the Canadian fluoroscopy cohort study and a comparison with breast
cancer mortality in the atomic bomb survivors study. Radiation Research, 145, 694-707. Available:
http://www.ncbi.nlm.nih.gov/pubmed/8643829
Hwang, S. L., et al. 2006. Cancer risks in a population with prolonged low dose-rate gamma-radiation exposure in
radiocontaminated
buildings,
1983-2002.
Int
J
Radiat
Biol,
82,
849-58.
Available:
http://www.ncbi.nlm.nih.gov/pubmed/17178625
Imaida, K., et al. 1997. Clinicopathological analysis on cancers of autopsy cases in a geriatric hospital. Pathol Int, 47,
293-300. Available: http://www.ncbi.nlm.nih.gov/pubmed/9143024
Kendall, G. M., et al. 2013. A record-based case-control study of natural background radiation and the incidence of
childhood leukaemia and other cancers in Great Britain during 1980-2006. Leukemia, 27, 3-9. Available:
http://www.ncbi.nlm.nih.gov/pubmed/22766784
Kostyuchenko, V. A. & Krestinina, L. 1994. Long-term irradiation effects in the population evacuated from the east-Urals
radioactive trace area. Sci Total Environ, 142, 119-25. Available: http://www.ncbi.nlm.nih.gov/pubmed/8178130
Krille, L., et al. 2015. Risk of cancer incidence before the age of 15 years after exposure to ionising radiation from
computed tomography: results from a German cohort study. Radiat Environ Biophys, 54, 1-12. Available:
http://www.ncbi.nlm.nih.gov/pubmed/25567615
Leuraud, K., et al. 2015. Ionising radiation and risk of death from leukaemia and lymphoma in radiation-monitored
workers (INWORKS): an international cohort study. The Lancet Haematology, Online ahead of print. Available:
http://dx.doi.org/10.1016/S2352-3026(15)00094-0
Levin, M. J. 2012. Immune senescence and vaccines to prevent herpes zoster in older persons. Curr Opin Immunol, 24,
494-500. Available: http://www.ncbi.nlm.nih.gov/pubmed/22857823
Little, M. P., et al. 2009. Risks associated with low doses and low dose rates of ionizing radiation: why linearity may be
(almost) the best we can do. Radiology, 251, 6-12. Available: http://www.ncbi.nlm.nih.gov/pubmed/19332841
Luckey, T. D. 1980. Hormesis with ionizing radiation, Boca Raton, Fla., CRC Press.
Mathews, J. D., et al. 2013. Cancer risk in 680,000 people exposed to computed tomography scans in childhood or
adolescence: data linkage study of 11 million Australians. BMJ, 346, f2360. Available:
http://www.ncbi.nlm.nih.gov/pubmed/23694687
Miller, A. B., et al. 1989. Mortality from breast cancer after irradiation during fluoroscopic examinations in patients being
treated for tuberculosis. N Engl J Med, 321, 1285-9. Available: http://www.ncbi.nlm.nih.gov/pubmed/2797101
NCRP 2009. NCRP Report No. 160 - Ionizing Radiation Exposure of the Population of the United States (2009),
Bethesda, Md., National Council on Radiation Protection and Measurements. Available:
http://www.ncrponline.org/Publications/Press_Releases/160press.html
NRC 2006. Health risks from exposure to low levels of ionizing radiation : BEIR VII Phase 2, National Research Council
(U.S.). Committee to Assess Health Risks from Exposure to Low Level of Ionizing Radiation., Washington, D.C.,
National Academies Press. Available: http://www.nap.edu/openbook.php?isbn=030909156X
Oliveira Cobucci, R. N., et al. 2012. Comparative incidence of cancer in HIV-AIDS patients and transplant recipients.
Cancer Epidemiol, 36, e69-73. Available: http://www.ncbi.nlm.nih.gov/pubmed/22236649
Orsini, N., et al. 2008. Association of physical activity with cancer incidence, mortality, and survival: a population-based
study of men. Br J Cancer, 98, 1864-9. Available: http://www.ncbi.nlm.nih.gov/pubmed/18506190
Osipov, A. N., et al. 2013. In vivo gamma-irradiation low dose threshold for suppression of DNA double strand breaks
below the spontaneous level in mouse blood and spleen cells. Mutat Res, 756, 141-5. Available:
http://www.ncbi.nlm.nih.gov/pubmed/23664857
Ozasa, K., et al. 2012. Studies of the mortality of atomic bomb survivors, Report 14, 1950-2003: an overview of cancer
and noncancer diseases. Radiat Res, 177, 229-43. Available: http://www.ncbi.nlm.nih.gov/pubmed/22171960

14
Pearce, M. S., et al. 2012. Radiation exposure from CT scans in childhood and subsequent risk of leukaemia and brain
tumours:
a
retrospective
cohort
study.
Lancet,
380,
499-505.
Available:
http://www.ncbi.nlm.nih.gov/pubmed/22681860
Pollycove, M. 2007. Radiobiological basis of low-dose irradiation in prevention and therapy of cancer. Dose Response, 5,
26-38. Available: http://www.ncbi.nlm.nih.gov/pubmed/18648556
Preston, D. L., et al. 2007. Solid cancer incidence in atomic bomb survivors: 1958-1998. Radiation Research, 168, 1-64.
Available: http://www.ncbi.nlm.nih.gov/pubmed/17722996
Remington, P. L. & Brownson, R. C. 2011. Fifty years of progress in chronic disease epidemiology and control. MMWR
Surveill Summ, 60 Suppl 4, 70-7. Available: http://www.ncbi.nlm.nih.gov/pubmed/21976169
Richardson, D. B., et al. 2015. Risk of cancer from occupational exposure to ionising radiation: retrospective cohort study
of workers in France, the United Kingdom, and the United States (INWORKS). BMJ, 351, h5359. Available:
http://www.ncbi.nlm.nih.gov/pubmed/26487649
Rudant, J., et al. 2015. Childhood acute lymphoblastic leukemia and indicators of early immune stimulation: a childhood
leukemia
international
consortium
study.
Am
J
Epidemiol,
181,
549-62.
Available:
http://www.ncbi.nlm.nih.gov/pubmed/25731888
Sakamoto, K. 2004. Radiobiological basis for cancer therapy by total or half-body irradiation. Nonlinearity Biol Toxicol
Med, 2, 293-316. Available: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2657505/
Simpson, R. J., et al. 2012. Exercise and the aging immune system. Ageing Res Rev, 11, 404-20. Available:
http://www.ncbi.nlm.nih.gov/pubmed/22465452
Sponsler, R. & Cameron, J. R. 2005. Nuclear shipyard worker study 1980 1988: a large cohort exposed to low-dose-rate
gamma
radiation.
International
Journal
of
Low
Radiation,
1,
463-478.
Available:
http://www.inderscience.com/info/inarticle.php?artid=7915
Thierry-Chef, I., et al. 2015. Dose Estimation for a Study of Nuclear Workers in France, the United Kingdom and the
United States of America: Methods for the International Nuclear Workers Study (INWORKS). Radiat Res, 183,
632-42. Available: http://www.ncbi.nlm.nih.gov/pubmed/26010707
Tsuda, T., et al. 2015. Thyroid Cancer Detection by Ultrasound Among Residents Ages 18 Years and Younger in
Fukushima,
Japan:
2011
to
2014.
Epidemiology,
Online
Ahead
of
Print.
Available:
http://journals.lww.com/epidem/Abstract/publishahead/Thyroid_Cancer_Detection_by_Ultrasound_Among.9911
5.aspx
Tubiana, M., et al. 2011. A new method of assessing the dose-carcinogenic effect relationship in patients exposed to
ionizing radiation. A concise presentation of preliminary data. Health Physics, 100, 296-9. Available:
http://www.ncbi.nlm.nih.gov/pubmed/21595074
UNSCEAR. 1958. Report of the United Nations Scientific Committee on the Effects of Atomic Radiation. General
Assembly Official Records: Thirteenth session Supplement No. 17 (A/3838). Available:
http://www.unscear.org/unscear/en/publications/1958.html
UNSCEAR. 2013. Annex A: Levels and effects of radiation exposure due to the nuclear accident after the 2011 great
east-Japan earthquake and tsunami [Online].
Available: http://www.unscear.org/docs/reports/2013/1406336_Report_2013_Annex_A_Ebook_website.pdf [Accessed Nov 3, 2015].
WHO. 2011. Number of Registered Deaths [Online]. World Health Organization.
Available: http://wwwdep.iarc.fr/WHOdb/WHOdb.htm [Accessed June 26, 2011].
Yang, G., et al. 2014. Low-dose ionizing radiation induces direct activation of natural killer cells and provides a novel
approach for adoptive cellular immunotherapy. Cancer biotherapy & radiopharmaceuticals, 29, 428-34.
Available: http://www.ncbi.nlm.nih.gov/pubmed/25402754
Zablotska, L. B., et al. 2014. A reanalysis of cancer mortality in Canadian nuclear workers (1956-1994) based on revised
exposure and cohort data. Br J Cancer, 110, 214-23. Available: http://www.ncbi.nlm.nih.gov/pubmed/24231946

