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We read with considerable concern the letter of Calabrese and Selby (1). They incorrectly claim that 

the data of W. L. Russell (2) submitted to the BEAR Genetics Committee (3) forms the basis of the 

linear-no threshold (LNT) model currently used for radiation protection. In fact, the LNT model is not 

based on hereditary genetic analyses but primarily informed by human epidemiologic data (4) 

supported by radiobiological evidence (5), in addition to societal considerations (as further outlined 

below). There is a solid body of biological and epidemiological data supporting the current radiation 

protection assumption of linearity for all solid cancers combined in a population exposed at low 

doses or low dose rates, as summarized in recent reviews (4, 6-10). In particular there is direct 

evidence of excess risk of leukemia and thyroid cancer following exposure to doses less than 100 

mGy in childhood (11, 12), and for solid cancers in the dose range from 0-100 mGy in the Japanese 

atomic bomb survivors (13) and in groups of nuclear workers (14, 15). These findings are consistent 

with risks that have been extrapolated from higher dose epidemiological data. While there are 

epidemiological data suggesting a moderate degree of curvature in the dose response for solid 

cancer at relatively low doses (6, 13, 16), there is little or no evidence for a threshold dose. A review 

by UNSCEAR on biological mechanisms found that the dose response of important carcinogenic 

processes such as mutations and micronuclei are linear in form in the low dose range down to at 

least 50 and 10 mGy acute doses of sparsely ionizing radiation, respectively (5). UNSCEAR further 

concluded that an overall threshold for cancer induction is unlikely, and that the mutational 

mechanism would imply a dose-risk relationship without a threshold (5).

However, it is also important to appreciate that the LNT model was never intended to define the 

exact biological response to radiation. While it was broadly consistent with much of the data, the 

LNT model is also based on ethical considerations of prudence (17, 18), to be used for the purpose of

radiation protection, i.e., to protect persons exposed to radiation as well as reasonably achievable 

(19, 20). LNT is a practical way to make use of current scientific evidence to support the safe use of 

ionizing radiation in society (21). Its origin can be traced back to ICRP Publications 9 (22) and 6 (23). 

ICRP Publication 9 (the 1965 Recommendations) states: “As the existence of a threshold dose is 

unknown, it has been assumed that even the smallest doses involve a proportionally small risk of 

induction of malignancies. Also, because of the lack of knowledge of the nature of the dose-effect 

relationship in the induction of malignancies in man – particularly at those dose levels which are 

relevant in radiological protection – the Commission [ICRP] sees no practical alternative, to assuming

a linear relationship between the dose and effect, and that doses act cumulatively. The Commission 

[ICRP] is aware that the assumption of no threshold and of complete additivity of all doses may be 

incorrect, but is satisfied that they are unlikely to lead to the underestimation of risks. Information is 

not available at the present time which would lead to any alternative hypothesis” (22). We judge 

that, 60 years later, this assessment remains valid. In summary, the LNT model is intended as a 

prudent approximation for stochastic responses to low doses and/or low dose rates of radiation. 

While these responses may contain some small or moderate curvature below LNT that cannot be 



quantified with present scientific methods and data (6, 16), LNT remains the most appropriate 

model for radiation protection purposes (24).
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