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The Radiation EfSects Research Foundation (RERF) in Hiroshima has recently released an updated study of cancer 
mortality in the Life Span Study (LSS) cohort of survivors of the atomic bombings at Hiroshima and Nagasaki (1). 
(The LSS is believed to contain about one-half of the total number of survivors who were within 2.5 km of the 
hypocentre.) The update has considerably more statistical power than previous studies because of five more years 
of follow-up (1986-1990 inclusive) and because of adding 10,536 survivors for whom DS86 dose estimates recently 
became available ("Version 3"). Together these add about 550,000 person-years of follow-up compared to the 
previous report, which covered mortality to the end of 1985. Moreover, about 25% of the excess solid cancer 
deaths have occurred in these last five years of follow-up. 

The cohort now has 86,572 subjects for whom dose estimation (a prerequisite for epidemiological studies) has been 
done. There are 50,113 members with estimated doses greater than 0.005 sievert; the mean dose for this subset is 
0.20 Sv. These were mostly persons within 2.5 km of the bombings in Hiroshima or Nagasaki, and who still lived 
in the cities in 1950. The remainder of the LSS represents 36?459 people with doses estimated to be ~0 .005  Sv. 
These constitute a comparison group; they were age- and sex-matched to the "exposed subset. They were selected 
from survivors within 2.5- 10 krn of the hypocentre. 

Since the LSS is the most important source of infonnation about the risk of induced cancer in humans following 
acute radiation exposures, this paper first summarizes this important new information. This is a keystone of - 
radiation risk assessment and therefore of our radiation protection history; one cannot make sense of the current 
controversy concerning "linearity" without understanding what this data says and doesn't say. This 
communication then moves into a discussion of what implications there may be from this updated infonnation, in 
the context of current debates about whether the "linear-no threshold'' model is an appropriate one for radiation 
protection use. Note that this "use" may be distinct from the question of whether the linear-no threshold [LNT] 
model accurately reflects actual levels of risk at low doses, including the specific question of whether or not it 
might be possible to demonstrate that there is a dose below which no actual excess risk exists which is emerging as 
a contentious, even emotive, issue within the health physics and radiation protection communities. 

EXCESS CANCER RATES & THE QUESTION OF LINEARITY 

Radiation-risk estimates in the LSS are based on a relatively small number of extra cancers. There have been a 
total of 421 excess cancer deaths during the period 1950- 1990. Of these estimated 421 excess cancers, 334 were 
solid tumors and 87 were leukemia. 

The basis for these numbers can be summarized as follows. In the overall LSS cohort ("zero" plus "exposed"), a 
total of 7827 deaths from cancer were observed versus 7406 expected (difference = 421) . For solid cancers, there 
were 7578 observed deaths versus 7244 expected (difference = 334), and 249 observed deaths from leukemia versus 
162 expected (difference = 87). It becomes a bit more complicated (but more instructive overall) when we examine 
the corresponding numbers for the "zero" and "exposed subsets separately. In the period 1950-1990, there were 
4741 cancer deaths in the > 0.005 Sv group and 3086 in the "zero" (< 0.005 Sv) group (remember that there are 
different numbers of persons in the two sub-sets). The "zero" group had 3013 observed solid cancer deaths (versus 
3055 expected, for a small but non-significant deficit of 42) and 73 observed deaths from leukemia (versus 64 
expected, for a difference of +9); both of these deviations are within the range statistically expected for a risk of 
zero. The "exposed group had 4565 observed deaths from solid cancer (4189 expected, for a difference of 376) 
and 176 observed deaths from leukemia (98 expected, for a difference of 78). 



One useful way to explain the level of risk is the "attributable risk"--the Eraction of the total cancer deaths which 
can be ascribed to radiation among those with a non-zero dose. The attributable fraction for solid tumors in the 
LSS is 0.08 (i.e., 8%). 

While most of the excess leukemia has already occurred, arising mostly within the first fifteen years following 
exposure, for solid cancers the excess absolute risk has increased in proportion to the natural, age-specific risk. 
That is, the data do appear to follow the "constant relative r isk model used to project the likely total number of 
excess cancers which will arise (it is this projected total which is the basis for our radiation risk coefficients, not 
the number which have occurred to date.) 

Of the cohort, 56% overall were still alive at the end of the period covered by this analysis. The survivorship value 
obviously depends strongly on age ATB ('at time of bomb'). Cohort survival ranges from 94% for those 0-9 ATB 
to 16% for those 40-49 ATE3 (1% for those 50+ ATB). Since a large proportion of those exposed as adults has 
died, there is thus little uncertainty about projecting their lifetime risk. 

However, uncertainty does remain about how best to project, beyond the current follow-up, the lifetime risk of 
those exposed as children. Different risk projection models give lifetime excess risk estimates which range from 
essentially the same as for persons exposed at age 30, to a risk which is 1.8-times as large. Continued follow-up of 
the LSS is important to decrease the uncertainty remaining with respect to this group. 

The proper context for this number of "421 excess cancer deaths" needs to be understood. It should not be taken 
as representing the total number of cancer deaths to date in the "population of A-bomb survivors". This is because 
the LSS cohort includes only about half of the "exposed" group, and even then, only for the [approximately] 80% 
for whom doses have been assigned. A proper estimate of the total cancer deaths to 1990 attributable to the 
detonations would therefore be approximately 1050. 

RADIATION RISK COEFFICIENTS FOR INDUCED FATAL SOLID CANCERS 

There is no statistically signEcant non-linearity in the range 0-3 Sv for excess solid cancers. (Above 3 Sv, the 
slope decreases somewhat; this may reflect cell-killing). The excess absolute risk (EAR) per sievert for solid 
cancers, for persons exposed at age 30, is estimated as 0.10 for males [lo% per Sv] and 0.14 [14% per Sv] for 
females. The risks for someone exposed at age 50 are about one-third the preceding. 

Models which were linear in dose raised to a coefficient k were used to provide an assessment of linearity as a "fit" 
to the data. The authors reported that models with k < 1 generally provided a worse fit than a linear (k = 1) model. 

This absence of statistically significant =-linearity led them to quote risk over the whole range of exposures in 
terms of risk per Sv. 

DOES RISK DIFFER IN WOMEN AND MEN? 

These differences (above) between men and women in radiation risk coefficients are not statistically significant. 
The prevalent view that women are decidedly more at risk than men for a given radiation exposure is partly an 
artifact of the relative risk data presentation method employed previously by RERF and others. I'll use present 
numbers to illustrate this. The actual excess relative risk (ERR) per Sv for women in this study is about twice the 
value for men. In evaluating this, it must be borne in mind that this is offset considerably by their lower natural 
rate of cancer mortality (in the specific population which constitutes the LSS cohort). In Japan the natural age- 
specific cancer rates for women are lower than for men: the lifetime background risk for a person of age 30 of 
dying from cancer is about 21% for women and about 29% for men. The excess absolute risk (EAR) is obtained by 



multiplying the ERR by the natural background rates. When this is done, the ERR ratio for men:women of 2: 1 
collapses to an EAR ratio of 1.4: 1. 

Additionally, the higher EAR for women is not attributable mainly to sex-and site-specific cancers like those of the 
breast, uterus and ovary, despite a widely-held impression that this is so. The major single contributor to the 
difference in fact is stomach cancer. In Japan stomach cancer is quite common; it has an environmental cause, 
being related to diet and lifestyle. 

Rates of stomach cancer in North America are markedly lower. In such a "risk transfer" analysis, the contribution 
to EAR of radiogenic stomach cancer would diminish; this would decrease the sex-related difference in Canada, 
say, compared to Japan. 

But what may be more important is that the natural rates of fatal cancer are approximately equivalent in Canada 
between the two sexes, whereas in Japan the rates for females overall are (as mentioned) about two-thirds that for 
men. Given the higher ERRISv values for women from the RERF analysis, taking this component into account 
would tend to increase the differences (EAR) in ostensible radiogenic cancer risk between men and women in 
Canada compared to Japan. Legal imperatives of "equality between the sexes" aside. we may not be able to count 
forever on hiding behind the thin defence of saying that these differences are not statistically significant. The issue 
certainly merits further examination. 

REMEMBER THE DDREF 

This is a suitable time to remind the reader in a simple way of the broader context for these values. These EAR 
values may appear to be high compared to the values you are familiar with in the work situation. This is because 
the A-bomb survivor population received the radiation dose that placed them at risk in a single exposure, virtually 
instantaneously. What we know as the DDREF (dose and dose-rate effectiveness factor) has not been applied 
does not apply to the LSS cohort. 

For estimating the risk of radiation exposure received in the way it is in the occupational situation (that is, when a 
human population is exposed to relatively low doses of sparsely ionizing radiation delivered over a long time), a 
DDREF is applied in recognition of the lower effectiveness of low dose-rate exposure in causing radiogenic 
cancer---essentially recognizing the non-linearity of response. (The evidence supporting this comes from a vast 
array of radiobiological data on animals, cells and even human beings.) The DDREF is applied as a divisor to the 
EAR estimates. The ICRP recommends use of a value of two for DDREF. An EAR of 0.10 per Sv from acute 
exposure (for example, from this RERF update) essentially would become an estimated EAR of 0.05 per Sv for low 
dose, low dose rate exposure in radiation protection. This latter is the familiar "5% per Sv" population risk 
estimate for exposure over a lifetime. For a population of nuclear workers, a value of "4% per Sv" is currently 
considered to be appropriate for purposes of decisions about risk management. It is less than "5% per Sv" chiefly 
because the years 0-1 8 are absent from occupational exposure, and the lifetime risk is therefore lower. 

LEUKEMIA 

The excess lifetime risk for leukemia 1 Sv is about 0.015 for males and 0.008 for females, for exposure at either 
10 or 30 years of age. For exposure at age 50, the leukemia risk is about two-thirds the preceding. 

The reason why the leukemia risks are quoted 1 Sv as opposed to "per Sv" is that a different equation (the 
linear-quadratic equation) best fits the leukemia data. The non-linear fit is such that for leukemia. the risks 
estimated for 0.1 Sv are about one-twentieth those for 1 Sv. (In other words, one-tenth the dose gives a two-fold 
lower risk than expected by strict proportionality to the risk at 1 Sv). This is equivalent to a dose and dose-rate 
effectiveness factor of two, but is not a DDREF as such. 



Remember that these risk coefficients hold only in a statistical sense, for the "average" of a population. The risk 
coefficients don't necessarily apply to any particular individual. This caveat holds for both leukemia and for solid 
cancers. 

SHOULD FORMAL RADIATION RISK COEFFICIENTS FOR ACUTE, SINGLE EXPOSURES BE REVISED 
UPWARDS? 

Primafacie, these results may seem to call for a possible upwards revision of the formal ICRP radiation risk 
coefficients. The immediately apparent reason is that the summed risks (solid cancers plus leukemias) add up to 
0.1 15 per Sv (1 1.5% per Sv) for males and 0.148 per Sv (14.8% per Sv) for exposure at age 30. The 'mean' of the 
EAR for men and women at age 30 would be slightly greater than 13% per Sv, which is above the "10% per Sv" 
reference value for risks to the general population (i.e., 5% per Sv multiplied in this case, to "uncorrect" for the 
DDREF of 2). But settling on a risk coefficient for the general population includes issues of risk transferability and 
other considerations; it is not so simple as taking the bare A-bomb survivor risk values. 

However, the best values for the LSS cohort may be even higher. There exist other longer-term impacts which also 
favor upwards revision. 

"Misclassification errors" are one. An appreciable proportion of cancer deaths are known in general to be 
misclassified as non-cancer deaths on death certificates; a much smaller proportion of non-cancer deaths are 
misclassified as cancer deaths. The relative differences are greater than the approximately 1:3 ratio of deaths from 
cancer versus "all other causes": an earlier study within the LSS found these rnisclassification rates to be 20% and 
3%, respectively. A correction for misclassification errors would increase the EAR by a factor of about 1.16 (2). 
The values reported here do not have this correction applied. 

Dosimetric considerations are another factor. The coefficient of variation in individual dose estimates is about 
35%. This imprecision is not randomness (which statistical methods allow for) but rather systematic m. This 
bias is in the direction that results in underestimation of risk. If allowances were made for these systematic dose 
errors, the cancer risk estimates would increase by a factor of about 1.1 (3). 

THE STUDY PROVIDES NO EVIDENCE FOR A THRESHOLD 

That there is no statistically significant m-linearity for solid cancers (there for the case of induced leukemias, 
as has been mentioned-the induction fits a linear-quadratic model better) has already been remarked. A stronger 
statement is warranted, according to the authors: the new data do not provide any evidence to support a 
contention that there is a threshold below which no excess risk exists. The uncertainty in the lower dose 
categories has in fact been decreased since the last analysis (which covered up to 1985). 

In fact, if there is any departure at all from linearity at low doses, the new data indicate that the risk per Sv may be 
greater in the very low dose categories, The estimated values for risk per Sv in the three lowest dose categories 
range from 2- to 7-times greater than the value (an ERR of 0.37 per Sv)estimated using the entire 0-3 Sv range of 
data (Table 1). 



Table 1 
Estimated values for ERR per sievert in the lowest dose categories (1) 

Dose categorv (Sv) ERR per Sv ( &standard error) 
0.005-0.02 2.6 + 2.1 
0.02-0.05 1.6 + 0.90 
0.05-0.10 0.60 f 0.40 
0.10-0.20 0.43 f 0.25 
0.20-0.50 0.38f 0.13 

(0-3 Sv; overall range) (0.37) 

The numbers for ERR per Sv in the lowest dose categories, showing non-linearity in the "concave upwards" 
direction up to seven times greater than the value averaged over the entire 0-3 Sv range of data, are statistically 
significant, though just barely so. 

This result should be treated with some considerable caution. On the one hand, it seems to support a conclusion 
that there exists a greater relative risk for low dose exposure. On the other hand, other more prosaic explanations 
are likely. The most plausible is that a differential exists between near and distant survivors in respect to their 
likelihood of cancer being actually recorded on the death certificate as a cause of death. This sort of bias could 
occur, for example, because of the heightened scrutiny given to the LSS cohort. 

The RERF has indirect evidence that this is so. Tumor registry incidence data is supported by more accurate 
diagnostic criteria than is the case for certification of cancer as a cause of death.. The degree of non-linearity in 
the lowest dose categories is much smaller than above when cancer incidence is assessed. 

RISK IN HIROSHIMA CONTINUES TO BE APPARENTLY GREATER 

Higher estimated radiation risks persist for Hiroshima compared to Nagasaki. (The city differences have in fact 
increased since the last report. One possible explanation relates to differences between the two cities in mean age 
at exposure: this is about 3.6 years greater for Hiroshima than for Nagasaki survivors. This factor may not entirely 
be corrected for.) There is a seductive notion that this is because the dose estimates for Hiroshima are too low. 
The idea that the cities could be brought into line by increasing the neutron component at Hiroshima has received 
considerable attention. Correction factors have been estimated, based on recent neutron activation analyses; these 
have values of about 0.75 at 6 5 h ,  1.0 at 750111.2.0 at lOOOm and 10 at 1600m (4). On the face of it, increasing 
the neutron component of the dose should have a major effect, reducing the estimated risk per Sv. This arises 
because neutrons are given a radiation weighting factor, or w,, of 10. A change in the neutron component of dose 
thus is amplified in terms of equivalent dose. If the total equivalent dose that gives rise to the fatal cancers in 
Hiroshima is increased, it follows that the estimated risk per unit dose decreases. 

If the neutron dose was increased, it is argued, this would decrease the risk estimates for Hiroshima specifically, 
and bring them more into line with the estimates from the Nagasaki survivors. (This is basically merely an 
argument for consistency, and assumes that rates for the two cities should be the same. This may not be a valid 
presumption. The populations in the two cities might differ in susceptibility factors, including possibly genetic 
ones.) 

A lot of confusion exists in regard to the likely effects of possible revisions. Extravagant claims have been made. It 
may not be true that a revision of the dose estimates for neutrons will result in a dramatic decrease in radiation risk 



coefficients. These correction factors apply only to the neutron component of the dose, and the crucial question is 
where they come into play. What really counts is where the LSS members who impact on risk assessment were 
located in this slant range, and what their present neutron component of dose is estimated to be in DS86. The most 
important data in the LSS dose-response analysis comes from the range of doses received by persons located in the 
slant range between 1000-1200m ATE3 (at time of bomb). For such persons, the present DS86 estimates the 
neutron component of their dose as about I%%. Even if this was adjusted upwards by 2-3-fold (remember that a 
radiation weighting factor, or w,, of 10 is applied), the authors fee1 that the net effect at most would be for the risk 
estimates for solid cancer in Hiroshima to decrease by only about 15%, according to the authors of the present 
RERF update. If they are correct, this is a modest change, and would serve only to counteract some of the other 
factors mentioned as suggesting that the LSS risk estimates should be even higher. 

WHAT IS THE LOWEST DOSE AT WHICH THERE IS A STATISTICALLY SIGNIFICANT RISK? 

The "lowest dose at which there is a statistically significant excess risk" has been a much-used (and abused) 
number. A good case can be made that this value is now rightfully some 50 millisieverts or so. This is a 
substantial reduction. 

Some explanation is useful to clarify what this now means. The previous update of the LSS cohort had indicated 
statistically significant excess cancer mortality only for doses above 200 mSv. This was the lower bound of the 
dose category for which the rate in the "exposed" population was significantly higher than in the "control'' 
population, in the LSS. There was a lot of confusion about just what this result meant. At doses lower than this, 
there has been an unfortunate tendency to imply that that this means that no risk exists. This results from a 
misunderstanding of the data and of "statistical power". The absence of a finding is not at all the same thing as a 
finding of absence. Clear clues existed in the earlier data that the absence of statistical significance below 200 
mSv likely reflected merely statistical limitations: the point estimates of risk in the lower dose categories were 
generally positive and showed a trend of increasing as dose increased (5). 

This "lowest dose at which there is a statistically significant excess risk" was established in this updated analysis 
in a different way than before. The authors feel that the former approach of testing for significance in arbitrary 
dose categories was inappropriate. Their approach in this updated analysis was to determine the minimum dose 
dm for which a statistically significant dose response exists when analysis was restricted to the range 10, dml. 
This dm is 0.05 Sv (50 mSv). In other words, a statistically significant trend of radiation effect is seen when data 
inside the interval from zero dose to 50 mSv is considered on its own. The authors state that "The range d c 0.05 
[Sv] for a significant effect is substantially less than has been reported previously." This may be debated; the 
conclusion depends strongly on the aptness of the "controI" group. 

A POSSIBLE IMMEDIATE 'ADJUSTMENT' FOR RADIATION PROTECTION? 

So how might LSS Report 12 impact on how we do radiation protection? I feel that the results for acute exposure 
do warrant immediate attention in one aspect. For radiation protection purposes, the so-called dose and dose-rate 
effectiveness factor has been assumed to apply if the total dose is 200 mSv or less, whatever the dose rate (6).  
(There is additionally a conclusion that the DDREF may be applied, for the purposes of assessing the risk of tumor 
induction in man, if the dose rate is below 0.1 mGy min" (when averaged over about an hour), whatever the total 
dose, but this aspect does not concern us in the present discussion.) 

The present RERF results indicate that a dose below 200 mSv, at least given as a single, prompt exposure, may 
carry with it more actual risk than the present ICRP risk coefficients imply. It would be prudent to assume that 
single, acute exposures of 50 mSv and quite possibly lower can carry the full-blown (non-DDREF-applied) risk 
level. The assumption that low dosesper se have the "lower" risk coeff~cient may not be tenable if the 
exposure is received at high dose rate. What this says for radiation protection practice is simply that we have to 
be more cautious than before about the possible risks associated with fairly large individual acute doses. 



The important global insight is that dose rate (which includes dose fractionation) is emerging as a more important 
parameter than dose is, in lessening the ultimate consequences of exposure. 

SO THE JAPANESE A-BOMB SURVIVOR RESULTS LOOK LINEAR--SO WHAT? 

It seems highly reasonable to me that we concede--in the case of acute exposures-- that "linearity" indeed holds for 
solid tumors, and to lower levels of total dose than has generally been appreciated. So what? I think proponents of 
arguments that the risks at low doses are overestimated are in a sense barking up the wrong tree by attacking the 
concept of linearity per se. 

The cancer mortality experience in the Japanese cohort is not the real issue in occupational radiation protection. It 
is merely a guide-and only a guide--to help us make sound and scientifically defensible decisions. The real issue 
is assessing the likely level of risk for workplace exposures. Our debate concerns chronic exposures, and by 
"chronic" I include fractionated acute exposures. Even if the risk coefficients from the LSS may indeed be 
somewhat larger than we have supposed, they are still a large remove from the risk we need to evaluate. 
Judgments about the roles of dose (and dose fractionation) versus dose-rate are needed to fill the gap. The 
uncertainty in radiation protection relates to the value for the DDREF--and indeed, whether any single value is 
appropriate. 

There really are two issues here. One problem relates to the cost-effectiveness of regulations. The point here is 
that even if linearity should be correct, regulations aimed at achieving "improved" radiation protection may 
not at all be cost-effective, especially when compared with regulations for other substances and other risks to life. 
If this is the problem, I urge people to address this directly, as opposed to obliquely via an attack on the concept of 
linearity per se. I think we will all gain, and the societal debate will gain, if we separate out the social from the 
scientific aspects. This issue is social. 

The second issue is the scientific one. Here I feel we have a duty to assess the issues strictly scientifically, and to 
go beyond a "balance-of-probabilities" argument. I think our regulators will rightfully insist on this, and I am 
certain the greater Canadian constituency will. 

I consider the problem here to be that we are trying to prove that low dose exposures are not dangerous, and that 
this is really an impossible task to prove. The reason for this is two-fold: radiation really is a relatively poor 
carcinogen, and the occupational doses are too low for any effect to be detectable. The best we can hope for is to 
obtain data that doesn't show that a significantly-enhanced risk exists. This is not "proof of no effect"--it is 
merely "0 proof of effect". We mislead ourselves, and those who depend on our judgments, to imply otherwise. 

Consider for example the situation of a typical ARW who works 20 years at a NGS and receives an average 
exposure of 2- 1/2 mSv per year. This 50 mSv total dose would place this person at an estimated occupationally- 
related fatal cancer risk increment of 0.2%--this on a natural probabilistic risk of 25% in the normal course of 
events. We don't have a hope of detecting such a risk increment, a relative risk of 1.008 (assuming that risk exists 
at all), given the size of the study population and all the 'natural' reasons for why cancer rates vary. In this sense 
we should take little comfort from the numerous occupational studies showing SMR's < 1 (given the myriad 
reasons for a "healthy worker effect") for cancer mortality, or even from those which additionally fail to elicit a 
dose-related trend within the cohort. The recent 3-country IARC study of the health of nuclear industry workers 
(7) is illustrative of the "dilemma" we find ourselves in when we rely on this approach. 



THE IARC STUDY OF NUCLEAR INDUSTRY WORKERS 

One high-visibility attempt to address the question of risk of induced cancer in persons occupationally exposed to 
ionizing radiation was the International Agency for Research on Cancer (IARC) study of cancer mortality rates 
among nuclear industry workers in the UK, USA and Canada (7). This involved data on 95,673 workers (85% 
men) employed for six months or more and who had been monitored for external exposure to ionizing radiation. 
The excess relative risk for leukemia (excluding chronic lymphocytic leukemia, deemed not to be radiogenic) was 
2.18 per Sv, with 90% confidence intervals (CI) of 0.1 and 5.7. This was the only-and just barely so-- 
statistically significant result. When they analyzed the data for males in the A-bomb survivor cohort in a strictly 
comparable way, the resultant value of ERR/Sv was 3.67 (90% CI: 2.0,6.5). The IARC risk coefficient was 0.6 of 
this value, implying an effective DDREF value of 1.7 for this class of cancer. The apparent congruity of these 
results led to assertions that "These estimates are the most comprehensive and direct estimates of cancer risk 
associated with low dose protracted exposures obtained to date", and "Overall, the results of this study do not 
suggest that the current radiation risk estimates for cancer at low levels of exposure are appreciably in error". 

Yet the leukemia conclusion rests on a total of 119 fatal cases, and the finding of statistical significance rests on 6 
cases compared to 2.3 expected in the highest dose category (> 400 mSv). I for one would like to see a firmer 
ground for such far-reaching statements as quoted in the preceding paragraph. Perhaps where we have erred is too 
far on the side of caution, and it is semantics which is confusing the debate. 

For "all cancers excluding leukemia", the ERR was -0.07 per Sv (90% CI: -0.4,0.3). Unfortunately, although this 
result provides no evidence indicating that there is increase in risk with increasing dose in these workers, it 
also lacks sufficient statistical power to "prove" that the result is statistically different from the risk estimate 
derived using the A-bomb survivor data; worse, it does not even exclude the possibility that the risk might not be 
higher than in the LSS. 

This type of "no-win" situation holds for other cases where it has been posited that there is no risk: people living 
in high natural background areas, workers in a plethora of situations of technologically-enhanced exposure, et 
cetera. Stripped of rhetoric, none of these models is ever likely to provide a sound case that there is demonstrably 
no risk-only that there is no excess risk demonstrable. A similar conclusion holds for a thesis that low-dose 
exposure may have some benefit. 

In debating this issue, it is not what we believe to be the case that is important but what we can prove to be the 
case. We have to acknowledge that our regulators are obliged to insist upon adequate proof. I submit that as 
responsible scientists, we are remiss if we are willing to settle for providing less than a rigorous standard of proof 
in this matter-that indeed we are doing ourselves a disservice and a discredit if we compromise on less than we 
would demand of others. We would be admitting we were not worthy of self-regulation and the public's trust. 

I suggest that the issue may be addressable if only we "stop looking under the streetlight". 

THE ROAD AHEAD 

I submit that we have been looking in the wrong places to demonstrate whether or not low dose, low dose-rate 
radiation is less dangerous than the present formal risk coefficients imply. Statistics will defeat us every time. We 
can never prove that low dose radiation is less dangerous than the formal ICRP coefficients imply, and we can 
never prove that it has benefit. We ought to give up trying. Radiation is a relatively weak carcinogen, and the 
reality is that radiation protection practices and philosophy has gotten per caput doses down too low for scientific 
resolution firmly one way versus the other. 

It undoubtedly seemed "right" initially to query ARW health and cancer mortality directly, but it is past time we 
recognize that all this does is prove that the risks are not a lot larger than we assume. It will. never prove the risks 
are smaller, or that an exposure may be beneficial. We have to address higher radiation doses if we are going to 



develop scientifically credible data as to whether low levels of radiation are less dangerous than regulations 
presently assume. At higher doses we gain statistical power. 

To do this, we have to look at what the most crucial difference is between the LSS cohort and the occupational-type 
of exposure situation whose risk we want to evaluate credibly. This difference is not dose but it is dose-rate. What 
this all boils down to is that the single most important and relevant question for radiation protection is the 
following: What DDREF is appropriate for the manner in which ARW's receive their exposure? While 50 
mSv in a prompt exposure (see RERF results in first part of this manuscript) may be more risky than we suppose, 
presumably there is some lower dose where the risk per Sv does drop. This decline may be a continuous one, and 
not a step function. Similarly, at 50 mSv (or even much higher total dose) there is presumably some effect of dose 
fractionation where, again, the risk per Sv decreases. 

The difficulty is in assessing the envelope of parameters wherein we humans marshal1 sufficient biological 
resources to substantially minimize risk, and the issue to evaluate is how substantial this minimization may be. We 
have remained fixated on dose, save for crumbs represented by the DDREF, while burgeoning radiobiolo@cal 
insight into the roles of DNA repair, genetics of cancer, multistage carcinogenesis, et cetera, was alerting us to the 
importance of the in which the dose was received. 

I want to show you how this insight can be used. If we can prove that higher doses and/or higher dose rates than 
attains occupationally are less dangerous that the ICRP risk coefficients, it sets for the first time a scientifically 
defensible upver bound on radiogenic risk for the way exposures are received in the workplace situation. The risk 
study on tuberculosis patients who received multiple fluoroscopic examinations illustrates what I consider to be 
"the road ahead". 

LUNG CANCER RISK IN TB PATIENTS GIVEN FLUOROSCOPIC EXAMINATIONS 

The study I refer to is an epidemiological study of lung cancer mortality in 64, 172 Canadian tuberculosis patients 
who had been given multiple fluoroscopic examinations as a guide to treatment and disease control; some patients 
received these exposures in relation to pneumothorax treatment. Salient features of this study cohort in 
comparison to the Japanese A-bomb survivors are summarized in Table 2. The average tissue dose (to the lunn) in 
the Canadian study is four times larger than the Japanese study, and the cohorts are of comparable size. The 
Canadian study has considerable statistical power: for example, although possessing comparable total person-years 
at risk, the Canadian fluoroscopy study has from four- to ten-times more person-years at risk than the A-bomb 
survivors study in the dose categories above 1 Gy. 

For radiation risk assessment, the crucial thing is how the exposures were received in the case of the Canadian TI3 
patients. The dose rate involved, 0.6 mGy per second (36 mGy per minute) was appreciable; for example, the 
current legal quarterly limit for ARW's would be reached in 50 seconds [the new annual dose limit recommended 
in ICRP Publication 60, already effectively pracice in Canada, would be reached in just over half a minute], and the 
present legal annual dose limit in a minute and a quarter. This dose rate is much higher than holds for ARW 
exposures; on the other hand, this dose rate is much lower than was the case for the Japanese A-bomb survivor 
population. 

The average dose to the lung, per [individual] fluoroscopic session, was 11 mGy. Again, this is much higher than 
for individual ARW exposure episodes but much lower than for A-bomb survivors' exposures (these average 240 
mGy and may be considered a single, acute episode). 

However, the single most important aspect of the TB patients' exposures is that they were highly fractionated: their 
mean total lung tissue dose was 1.02 Gy, which indicates that their dose (larger than that of the A-bomb survivors) 
was delivered in an average of 92 separate~uoroscopic sessions. The TB patients' doses were accumulated over 
31 months on average (in excess of 6 years for only 10% of patients), which is a relatively short period compared to 
ARW exposures. 



In summary, the various aspects of ARW exposure patterns -- in terms of the radiologically important parameters 
of dose, dose rate, and degree of fractionation (the latter two being protective in terms of risk) -- are as far in one 
direction from the fluoroscopy patients' experience as that of the Japanese cohort is in the other direction. What 
all of this means is that any diminution in risk which might be shown in this epidemiological study can be assumed 
to hold "in spades" for occupational exposures. 

Table 2 
Pre'cis of cohort characteristics for the Canadian fluoroscopy study versus Japanese A-bomb survivors 

STUDY CHARACTERISTIC CANADIAN FLUOROSCOPY 
STUDY 

ATOMIC BOMB SURVIVORS 
STUDY 

Number of subjects in the study, 
total 

(Women) 

Exposed subjects with lung tissue 
dose >10 mSv; number 

Unexposed (control) subjects; 
number 

Total lung tissue dose; range in Sv 

Mean total lung tissue dose, Sv 
(exposed subjects only) 

Average number of fractions in 
which total dose was received 

Dose per fraction; average 0.24 Sv (one fraction, 
therefore same as 
mean dose) 

Length of time over which total 
dose was received 

2.6 years, on average. 
(For 1096, >6 years) 

el second 
(Virtually instantaneous) 

Mean time since exposure 37 years 34 years 

Mean age at exposure 28 years 29 years 

Person-years at risk, total 

Selected important parameters of the results for the Canadian fluoroscopy cohort are presented in summary form in 
Table 3. As before, the corresponding values for the Japanese A-bomb cohort are included for comparison. The 
results given are for all subjects combined (i.e., both sexes). Values are available for men and women separately 
within both studies, but these need not be given here: I will simply note that the overall conclusions given also 
hold for each gender separately. 



This study shows no positive association between risk of lung cancer and dose. It also does much more. The point 
estimate is zero excess relative risk, and the critical finding concerns the narrow 95% confidence intervals 
(-0.06,0.07). For comparison, the corresponding values for the atomic bomb survivors are 0.60 (0.27, 0.99). In 
fact, the study had sufficient statistical power to set an upper limit of risk for highly-fractionated exposure which is 
more than 5-fold below the point estimate from the A-bomb survivors. 

The individual doses in the study, the dose rate at which these exposures were received, and the total dose received, 
are in each aspect above the situation which holds for ARW exposures. The overall importance of these results is 
that they indicate that radiation protection practices and dose limits are highly conservative for lung cancer risk; 
the real risk to occupational workers is highly likely to be notably lower than we have supposed. 

A number of points deserve emphasis concerning the results summarized above: 

(i) No risk, for any dose category of exposed Canadian fluoroscopy patients. is significantly elevated 
compared to the unexposed, internal control, group. 

In contrast, the risks for all exposed groups in the Japanese cohort, even the lowest dose group, is 
significantly increased. 

(ii) There is no evidence of any positive association of lung cancer mortality with dose in the Canadian 
study population, even when the higher doses (above 1 Gy) are considered. 

In the Japanese cohort, risk increases monotonically with dose. 

(iii) The confidence values around the point estimates of ERR are narrow, and suffice to exclude values of 
excess relative risk of 0.1 1 per sievert or greater. This limit of exclusion is less than 20% of the point 
estimate from the Japanese cohort. 

(iv) The study is statistically powerful. Even in the higher dose categories, sufficient lung cancer deaths 
occurred in the Canadian cohort to able to exclude ERR of 0.6 or above. That is, even for the higher dose 
categories, a risk as high as that in the A-bomb survivors is ruled out. 

(v) The results from the study of Canadian TI3 patients subjected to fluoroscopic examinations are 
statistically incompatible with the results from the A-bomb survivors. By far the most likely explanation 
is that even at the moderate doses and dose rates characteristic of fluoroscopic examinations, a very 
substantial fractionationldose rate effect exists for low-LET radiation in respect to causing lung cancer. 

(vi) Consideration of the doses and dose rates which apply to ARW exposures supports the conclusion that 
a similar or greater degree of protection is likely to hold for them. 



Table 3 
Results for lung cancer mortality in the Canadian fluoroscopy study compared to A-bomb survivors 

Excess Relative Risk per Sv 

PARAMETER 

Lung cancer deaths, total 
(occurring 10 or more years after 
first exposure) 

Expected number of lung cancer 
deaths 

Excess relative risk (ERR) of lung 
cancer mortality, with 95% 
confidence intervals in brackets, by 
category of radiation dose to the 
lung: 

<0.01 Sv 
0.01 -0.49 
0.50-0.99 
1 .oo- 1.99 
2.00-2.99 

>3.00 

OVERALL 
ERR per sievert 

CANADIAN FLUOROSCOPY 
STUDY 

1,178 (for 1950-1987) 

0.0 (control) 
-0.13 (-0.26,0.03) 
-0.18 (-0.34,0.02) 
-0.06 (-0.23,O. 15) 
0.09 (-0.2., 0.50) 
0.04 (-0.28, 0.53) 

JAPANESE A-BOMB 
SURVIVORS 

6 19 (for 1950- 1985) 

386 (calculated) 

0.00 (reference control) 
0.26 (0.06.0.50) 
0.45 (0.03, 1.06) 
0.93 (0.30, 1.85) 

The author went to a great deal of effort to show that there were no hidden biases in this study which might have 
masked a true underlying association. Some of these points will be discussed briefly: 

(i) There seems to be no bias from misclassification of death from lung cancer as being from TB. One 
wouldn't expect this to be manifest anyway, as the degree of misclassification would have to be dose- 
related for it to be a factor. Also, different "stages" (maximum severity of development) of lung cancer 
were assessed separately to support a conclusion that lung cancer deaths were not missed to any 
significant extent. 
(ii) Smoking seems not to be a bias. To mask a "true" positive association with dose would require that 
smokers with low doses be sampled preferentially to those with high doses, and no study has seen this. 
Here, in fact, dose and smoking were, if anything, very weakly positively correlated, which would tend to 
suggest more of a positive association than actually existed. 
(iii) The patients with TI3 could possibly be different in susceptibility from the Japanese. One mechanism 
might be fewer cells at risk in part of the fluoroscopy cohort due to surgical removal of parts of their 
lungs. However, when such individuals were removed from the analysis, there was still no positive 
association with dose. 

The most likely explanation for the marked difference between the results in these two cohorts with respect to lung 
cancer mortality has to do with the way the radiation is delivered: highly fractionated exposures in the fluoroscopy 
study, with typically days to weeks intervening between exposures (which averaged 11 mGy), and with dose rates 



in the order of 0.6 mGy per second (36 mGy per minute), which are several orders of magnitude lower than for the 
survivors of the atomic explosions at Hiroshima and Nagasaki. 

What we need is this kind of information for other sites of cancer. These results pertain to lung cancer only. The 
tissue weighting factor (w,) for the lung is 0.12. While as strong a fractionationldose rate effect such as seen here 
for lung cancer is almost certainly not going to be observed for glJ sites of radiogenic cancer, it may hold for 
enough of them that we can say with confidence to the regulator and the public that by controlling exposure in the 
way we currently do, the risk is really lower than present assumptions suppose. 

It is incumbent on us to ensure that data becomes available. There are other study populations which can be used, 
including second primary malignancy rates (especially of leukemia) in patients who received radiotherapy. Once 
we get away from the flawed mind-set that we can resolve this question by looking at the mortality experience of 
people who have received low incremental doses, the relevant data will be developed. 

THE RERF UPDATE IS THEREFORE GOOD NEWS 

This is why I'm so positive about the recent RERF update of cancer mortality in the LSS, described in the first 
portion of this paper. The statistical power of these studies is growing, and one only has to look back 10 or 15 
years to note how strikingly the uncertainty in these assessments has been reduced. 

This is a very positive benefit for us in a number of ways, but the one I'm going to emphasize may be one you 
haven't appreciated yet. The new LSS results are going to make it possible, as never before, to look at the new 
"higher dose" scenarios I have descibed (and yes, even the occupational, ARW, situation) and to demonstrate 
whether or not these are demonstrably distinct from the risk paradigm entrenched in collective consciousness as 
"the results from the A-bomb survivors". The manner in which occupational exposures are received are different 
from the way the LSS cohort received their exposure in all the ways that count. 

It is time to cut that link to the A-bomb survivors. 
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