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Introduction 

My assignment this morning is to provide you with some understandiny of our 

current knowledge of the carcinogenic effect of radiation in man. I think the 

best thing for me to do is to discuss the contributions of quantitative 

epidemiology to present knowledge, the reliability of dose-incidence data, and 

the relevant epidemiological studies of human populations which provide the 

most useful information for risk estimation of cancer-ind -tion in man. To do 

this, I sha'l restrict my discussion to dose-incidence da in humans, and 

particularly to certain of those epidemiological studies of human populations 

that are used most frequently for risk estimation for low-do radiation car­

cinogenesis in man. My emphasis here is placed solely on those surveys con­

cerned with nuclear explosions and medical exposures, leaving others matters 

of occupational exposures, of high natural background areas, ar of certain 

special problems with internal emitters. I shall occasionally er to dose-

incidence relationships from laboratory animal studies where they may obtain 

for problems and difficulties in extrapolation from high doses to low doses, 

and from animal data to the human situation. 1 shall not deal with specific 

experimental studies in laboratory animals or with studies at the cellular or 

molecular levels, nor shall I consider information about mechanisms responsible 

for cancer-induction or the pathogenesis of radiation-induced neoplasia. 

What oo We Know About Radiation Carcinogenesis? 

Tne somatic effects of concern at low doses and low dose rates are those 

that may be induced by mutation in individual cells, singly or in small 

numbers. The most important of these is considered to be cancer induction. 

Current knowledge of the carcinogenic effect of radiation in man has been re­

viewed to two recent reports: the 1977 Report of the United Nations Scientific 

Committee on the Effects of Atomic Radiation, the 1977 UNSCEAR Report, and the 

1980 Report of the National Academy of Sciences Committee on the Biological 
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Effects of Ionizing Radiations, the BEIR-III Report (1,2). The epidemiological 

data analyzed in these reports derive mainly from the epidemiological studies 

of the Japanese atomic bomb survivors in Hiroshima and Nagasaki, from patients 

in England and Wales treated with X irradiation for ankylosing spondylitis, and 

from several other groups of people irradiated from external or internal 

sources, either for medical reasons or from occupational exposure. Both 

reports emphasize that cancers of the breast, thyroid, hemopoietic tissues, 

lung, and bone can be induced by radiation. Other cancers, including the 

stomach, pancreas, pharynx, lymphatic, and perhaps all tissups of the body, may 

also be induced by radiation. Both reports derive risk estimates in absolute 

and relative terms for low-dose, low-LET whole body exposure, and for leukemia, 

breast cancer, thyroid cancer, lung cancer, and other cancers. These estimates 

derive from exposure and cancer incidence data at high doses (most frequently 

greater than 50 rems) and at high dose rates (most freouently greater than 

50 rems per minute) (1,3). There are no compelling scientific reasons to apply 

these values of risk per rem derived from high doses and high dose rates to the 

very low doses and low dose rates of concern in human radiation protection. 

In the absence of reliable human data for calculating risk estimates at very 

low doses and low dose rates, neither the UNSCtAR nor BEIR Committees felt 

confident to predict the reliability of such extrapolation (1-4). 

Certain general principles of radiation carcinogenesis have now emerged 

based on the relatively large number of epidemiological surveys studied, 

fristly, the younger the exposed individual, from in utero exposure through 

adult life, the higher is the risk per rem for induction of most tumors. 

Secondly, the incidence of leukemia in exposed populations rises above normal 

within 3 to 5 years of exposure, and returns to spontaneous levels some 15 to 

20 years thereafter. The elevated induction rate for solid tumors becomes 
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apparent after a latent period of 10 to 15 years following exposure in adults, 

and then persists for an unknown period, in some cancers for over 30 to 35 

years. Few irradiated populations have, as yet, been studied for more than 30 

years. Thirdly, whereas initially leukemia was considered the most sensitive 

index of radiation carcinogenesis in man, the excess of solid tumors in irrad­

iated populations now exceeds that of leukemia by a significant factor (1). 

And lastly, comparison of epidemiological data o htuined from human populations 

exposed Lu very Jlfferent dose rates to ascertain whether there is a reduction 

in risk per rem at low dose rates can not, as yet, be reliably made for 

different types of neoplasm3. In the case of leukemia and for radiation-

induced breast career, the evidence suggests that there may be little or no 

dose-rate effect. Fractionation of the total dose given over several years 

thus far yields excess leukemia and breast cancer risk estimates that are not 

significantly different from those obtained from single-dose epidemiological 

surveys (1,2). 

What Can Wt team from Dose-Incidence Data in Animals for Extrapolation to Man? 

Benign and malignant tumors of almost any type or site may be induced by 

irradiation in animals. Susceptibility to radiation carcinogenesis varies 

widely among cells, tissues, organs, and organisms, depending on tte influences 

of species differences, genetic composition, age, sex, physiological state, and 

other constitutional and environmental factors. Although all ionizing radia­

tions are qualitatively similar in carcinogenic activity, they vary consider­

ably in carcinogenic effectivenessper rad, & rending on the dose ani on the 

distribution of the radiation in time and sp :e (1-9). 

The dose-"!ncidence relationship for canci - induction has not been char­

acterized sufficiently over a wide range of r rdiation doses, dose rates, and 

LET to enable risk estimation at doses, say, >elow 25 rems. Wide \ariations 

file:///ariations
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occur i n the shapes o f the dose-response curves f o r cancers of d i f f e r e n t types 

and f o r cancers o f th? same t y p e . The inc idence of tumors t o be expected under 

determined exposure c o n d i t i o n s cannot be p r e d i c t e d r e l i a b l y by e x t r a p o l a t i o n 

f rom observa t ions i n animals or i n man on o the r neoplasms or o ther exposure 

c o n d i t i o n s ( l - " " ! . 

In s p i t e of the u n c e r t a i n t i e s in d o s e - i n c i d e n c e r e l a t i o n s h i p s , the 

f o l l o w i n g impor tant g e n e r a l i z a t i o n s emerge f rom the ex tens i ve l a b o r a t o r y animal 

data a v a i l a b l e . The inc idence of cancer i s inc reased by i r r a d i a t i o n ; the dose-

response curve r i s e s w i t h dose up t o a c e r t a i n dose l e v e l , above which i t may 

reach a p la teau and t u r n -downward w i t h f u r t h e r i nc rease in dose. In the dose 

range over which the i nc idence inc reases w i t h dose, low-LET r a d i a t i o n s are 

u s u a l l y more e f f e c t i v e at h igh doses and h igh dose r a t e s than at low doses and 

low dose r a t e s . In the same dose range , h igh-LET r a d i a t i o n s are u s u a l l y more 

e f f e c t i v e tnan low-LET r a d i a t i o n s . For h igh-LET r a d i a t i o n s , the e f f e c t i v e n e s s 

is i n f l uenced less by dose and dose r a t e , and in some i n s t a n c e s , p r o t r a c t i o n 

may increase t h e i r e f f e c t i v e n e s s . The r e l a t i v e b i o l o g i c a l e f f i c i e n c y (REE) of 

high-LET r a d i a t i o n s tends to inc rease w i t h dec reas ing dose and dose r a t e 

(1 -1C) . Because of wide species d i f f e r e n c e s i n response in l a b o r a t o r y an imals , 

the cancer dose- inc idence response f o r any spec ies cannot p rov ide a r e l i a b l e 

bas is f o r d i r e c t q u a n t i t a t i v e r i s k es t ima tes f o r c a n c e r - i n d u c t i o n in man. 

Further .nore, v a r i a t i o n s i n the shapes of dose - i ..c vJence curves f o r d i f f e r e n t 

r a d i a t i o n - i n d u c e d neoplasms in l a b o r a t o r y animals con f ound e x t r a p o l a t i o n f rom 

one type of neoplasm to another , f rom any one set of exposure c o n d i t i o n s to 

ano ther , or f rom any one animal species t o ano the r , and p a r t i c u l a r l y to man. 

What Can We Learn f rom High Dose Data f o r E x t r a p o l a t i o n to Low Doses? 

Because of the d i f f i c u l t y of o b t a i n i n g r e l i a b l e cancer inc idence data in 

l a b o r a t o r y animals and in humans f o r low doses, f o r purposes of r i s k e s t i m a t i o n 
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dose-response relationships observed at high doses must necessarily be 

extrapolated into the low-dose region, where human epidemiological data are 

not available. It is impossible to ascertain the true shape of the dose-

effect curve at low dose levels, and therefore the mechanism of radiation 

action in the low-dose region (1). Consideration of the spatial and temporal 

distribution of ionizations suggests that at very low dose levels, the proba­

bility of interaction of ionizing events is negligible. Here, the molecular 

and cellular response to radiation at very low doses must be linear with dose, 

irrespective of the shape of the dose-response curve at higher doses. ;t is 

reasonable, as well, that, the dose-response relationship for cancer-incidence 

at very low doses will be linear, irrespective of the complexity of the 

carcinogenic process. 

The recent conclusion* of the BEIR Committee (1), and of the NCRP 

(9,11), the ICRP (12), and the UNSCEAR ( 2) Committees, suggest that it is reason­

able to assume for low-LET radiation a linear-quadratic dose-response relation­

ship for cancer-induction, with linearity predominating at the very low doses, 

and to assume linear extrapolation at very low doses for the purpose of human 

risk estimation. This leads to conservatism, that is, an overestimation of 

risk. Such extrapolations depend on existing epidemiological data from much 

higher doses, which are the lowest doses that have been estimated and reliably 

tested. However, the required human data are not available in the very low-

dose region; any low-dose data on man that are available are meager and subject 

to great statistical uncertainty. 

Because of uncertainties in epidemiological studies, serious limitations 

exist in obtaining reliable and relevant human data, particularly for cancer 

induction over a wide range of doses, dose rates, and LET. And, because of 

these limitations, experimental animal studies must provide essential 



information; however, human risk estimation cannot be based directly on 

laboratory animal data. Nevertheless, the evidence suggests that mechanisms 

of cancer induction in man are similar to those in laboratory animals. It 

follows, therefore, that while experimental animal data are not quantitatively 

or directly applicable to man, dose-response relationships in animal studies 

may be considered for application to human populations exposed to low-level 

radiation (5,7,9,13). 

In recent years, a general hypothesis for estimation of excess cancer risk 

in irradiated human populations, based on theoretical considerations, on ex­

tensive laboratory animal studies, and on limited epidemiological surveys, 

suggests various and complex dose-response relationships between radiation dose 

and observed cancer incidence (7,13-16). Among the most widely considered 

models for cancer-induction by radiation, based on the available information and 

consistent with both knowledge and theory, takes the comple/ quadratic form: 
2 2 

1(D) = (a Q + a,D + a 2D Jexpi-BjD-B^D ), where I is the cancer incidence 

in the irradiated population at radiation dose D in rad, and a„, a,, a B, 

and B, &re non-negative constants (Figure 1). This multicomponent dose-

response curve contains (1) initial upward-curving linear and quadratic func­

tions of dose, which represent the process of cancer-induction by radiation; 

and (2) a modifying exponential function of dose, which represents the compet­

ing effect of cell-killing at high ''ires. o„ is the ordinate intercept at 0 

dose, and defines the natural incidence of cancer in the population. c, is 

the initial slope of the curve at 0 dose, and defines the linear component in 

the low-dose range, a, is the curvature near 0 dose, and defines the upward-

curving quadratic function of dose. B, and $ are the slopes of the 

downward-curving function in the high-dose range, and define the cell-killing 

function. Analysis of a number of dose-incidence curves for cancer-induction 

in irradiated populations, both in humans and in animals, has demonstrated that 
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fo r d i f f e r e n t r a d i a t i o n - i n d u c e d cancers on ly c e r t a i n o f the parameter va lues 

o f these cons tan ts can be t h e o r e t i c a l l y de te rm ined . T h e r e f o r e , i t has become 

necessary to s i m p l i f y the model by reduc ing the number o f parameters which 

would have the l eas t e f f e c t on the form o f the dose-response r e l a t i o n s h i p in 

the dose range of l o w - l e v e l r a d i a t i o n . Such s i m p l e r models, w i t h i n c r e a s i n g 

c o m p l e x i t y , inc lude the l i n e a r , the pure q u a d r a t i c , the quad ra t i c (quad ra t i c 

f u n c t i o n w i th a l i n e a r term i n the low-dose r e g i o n ) , and f i n a l l y , the m u l t i -

component quadra t i c form w i t h a l i n e a r term and w i t h an exponent ia l m o d i f i e r 

( 1 , 3 , 7 , 9 , 1 3 - 1 5 ) ( F i g u r e 2 ) . 

What Have We Learned f rom .the Ep idemio log i ca l S tud ies of Human Popula t ions? 

Nuclear Explos ions 

The most va luab le human data a v a i l a b l e f o r e v a l u a t i o n of the l a t e e f f e c t s 

o f r a d i a t i o n come from the s tud ies o f the Atomic Bomb Casual ty Commission, now 

i n the Rad ia t ion E f f e c t s Research Founda t ion , on the Japanese A-bomb s u r v i v o r s 

in Hiroshima ana Nagasaki ( 1 7 ) . The c o n t i n u i n g e v a l u a t i o n of t h i s popu la t i on 

p rov ides the most comprehensive assessment o f r i s k es t imates f o r ca rc inogen ic 

e f f e c t o f r a d i a t i o n . The study p o p u l a t i o n i s the l a r g e s t of any ep idemio log ­

i c a l survey (over 100,000 pe rsons ) , and these persons were i r r a d i a t e d f o r o ther 

than medical reasons. The A-bcmb s u r v i v o r s were exposed at a l l ages and the 

r a d i a t i o n dn^ys ranged from a few rads t o n e a r - l e t h a l l e v e l s . 

What are the impor tant ques t ions concern ing the m o r t a l i t y exper ience o f the 

atomic bomb s u r v i v o r s ? Is r a d i a t i o n ca rc i nogenes i s the on ly impor tant l a t e 

e f f e c t f rom the s tandpo in t o f m o r t a l i t y ? Is the ca rc inogen i c e f f e c t a general 

one, a f f e c t i n g a l l t i s sues and h i s t o l o g i c types? Are there r e l i a b l e c i t y 

d i f f e r e n c e s from which r e l a t i v e b i o l o g i c a l e f f e c t i v e n e s s (RBE) est imates can 

be made? Are Nagasaki data numerous enough to permi t any c lose examinat ion of 

t h f f u n c t i o n a l form of the gamma dose-response curve f o r s p e c i f i c cancers? Can 
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fur ther insight be gained in to the role of age in 1915 at the time of the bomb 

upon the carcinogenic ef fect of ionizing radiat ion? 

These studies are answering the important questions with direct bearing on 

estimation of the cancer r isk in human populations exposed to low-dose levels. 

The magnitude of r isk of induction of a l l types of so l id tumors in re lat ion to 

dose and time since exposure requires careful evaluat ion. The excess risk of 

leukemia fol lowing i r rad ia t i on disappeared by 25 years af ter exposure; at 

present, there continues to be a large increase in the radiation-induced cancer 

death rate during the 10-year period 1965 to 1974, up to 30 years after 

exposure. This increase is in so l id tumor induct ion; there is presently no 

indicat ion of a return to normal levels of the mortaHty rates from these 

cancers. Other types of cancer are occurring in excess in the surviving 

i r radiated population, due mainly to extremely long latent periods after 

exposure before these sol id tumors are detected. Recently, certain cancers not 

previously thought to be radiat ion-induced are appearing in excess in the 

irradiated population. And f i n a l l y , the method of radiat ion ^.Lion—whether 

to mult iply or to add to spontaneous levels of the cancer death rate—is 

essential information for project ing the long-term carcinogenic effects in 

persons i r radiated as chi ldren or young adults. 

Present cancer r isk estimates predicted to occur as a result of low-dose 

exposure of human populations to radiat ion re ly on assumptions about these 

important questions and on assumptions on the method of extrapolation from 

human data obtained at high doses to low doses. At the present time, estimated 

excess cancer rates are derived from observations on Japanese A-bomb survivors 

of Hiroshima and Nagasak i averaged over the period 1960 to 1974. The excess 

cancer death rate of these survivors could r i se , remain the same, or :?crease 

during the coming years. For leukemia induction in the Nagasaki survivors, the 
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L i f e Span Study death c e r t i f i c a t e data appear c o n s i s t e n t w i t h a quadra t i c dose-

inc idence r e l a t i o n s h i p (F i gu re 3 ) . The shape o f the Nagasaki curve is con­

s i d e r e d a s t rong determinant o f the va lue f o r the RBE f o r neutrons der ived f rom 

the Hiroshima ( n e u t r o n - r i c h ) and Nagasaki ( n e u t r o n - d e f i c i e n t ) exposures ( 1 7 ) . 

Another popu la t i on t h a t r ece i ved i r r a d i a t i o n as a r e s u l t o f a nuclear 

e x p l o s i o n was the Marshal l I s l a n d e r s , who were exposed to f a l l o u t from an 

H-bomo t e s t exp los ion in 1954 ( 1 8 ) . In t h i s p o p u l a t i o n , the main hea l th 

e f f e c t s came from s h o r t - l i v e d f i s s i o n iod ine r a d i o i s o t o p e s ; t h i s has con­

t r i b u t e d to our knowledge o f r i s k es t imates f o r t h y r o i d cancer f o l l o w i n g 

i r r a d i a t i o n . However, t h e data on the Marshal lese are d i f f i c u l t to analy2e, 

p r i m a r i l y because t h s i r r a d i a t i o n exposures were to a m ix tu re of high dose 

r a t e ex te rna l and i n t e r n a l gairma photons, as we l l as to beta r a d a t i o n . 

Medical Rad ia t ion Exposures 

The i n i t i a l r e p o r t s o f Stewart and her co l leagues (19) descr ibed an excess 

of leukemia and a l l o ther cancers among c h i l d r e n i r r a d i a t e d in u te ro when t h e i r 

i ro thers rece ived d i agnos t i c p e l v i c X - i r r a d i a t i o n du r i ng the pregnancy. The two 

l a r g e s t s tud ies (19,20) i n d i c a t e d t h a t d i agnos t i c p e l v i c X-ray examinat ions 

d u r i n g pregnancy r e s u l t e d i n an increase of approx imate ly 50 percent in cancer 

m o r t a l i t y among the c h i l d r e n d u r i n g t he f i r s t 10 years of l i f e . Because the 

doses invo lved an average dose o f about 1 rad to the f e t u s , these surveys are 

ex t remely important to r a d i a t i o n p r o t e c t i o n of the general p o p u l a t i o n . How­

ever , f a i l u r e to conf i r .n these r e s u l t s in the c h i l d r e n o f the Japanese women 

who were exposed to atom-bomb r a d i a t i o n in Hiroshima and Nagasaki, and the 

i n a b i l i t y to reproduce the r e s u l t i n l a b o r a t o r y an ima ls , has led to the 

q u e s t i o n i n g of whether r a d i a t i o n alone is the e t i o l o y i c agent in the human 

surveys ( 3 6 ) . 
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Several o ther human p o p u l a t i o n s exposed to d iagnos t i c X-rays have been 

s t u d i e d . M u l t i p l e d i a g n o s t i c exposure to adu l t males appears to be assoc ia ted 

w i t h the increased r i s k o f deve lop ing leukemia ( 21 ) . The r i s k es t imates f o r 

l eukemia - i nduc t i on f rom t h i s s tudy are s i m i l a r t o those ob ta ined from data at 

h igh doses of r a d i a t i o n . 

Studies t h a t inc rease the p r e c i s i o n o f r i s k es t imates f o r i n d u c t i o n of 

breast cancer are those o f a f o l l o w - u p o f pulmonary t u b e r c u l o s i s p a t i e n t s f o r 

whom the t rea tment o f cho ice p r i o r t o 1950 was a r t i f i c i a l pneumothorax, which 

was associated w i t h repeated f l u o r o s c o p i c exposures. The i n i t i a l surveys of 

ferr.ale p a t i e n t s t r e a t e d . in a Nova Sco t ia sanator ium between 1940 and 1919 

(22,?3) i n d i c a t e d t h a t desp i t e the u n c e r t a i n t y o f the r a d i a t i o n dose est imates 

and the extreme f r a c t i o n a t i o n o f the t o t a l dose, the r i s k per rad f o r breast 

c a n c e r - i n d u c t i o n i s l a rge and very s i m i l a r to s ing le -exposu re s t u d i e s , in which 

suggest a number of surveys 

high doses were absorbed by the b reas t t i s s u e ( 1 7 ) . These data/appear con­

s i s t e n t w i th a l i n e a r dose - i nc idence r e l a t i o n s h i p (16) (F i gu re 1 ) . 

Important i n f o r m a t i o n has been obta ined from persons who have been 

i r r a d i a t e d e i t h e r e x t e r n a l l y or by i n t e r n a l em i t t e r s f o r t h e r a p e u t i c reasons. 

Court-Brown and Do l l (24) analyzed the data on leukemia and a l l o ther cancers 

in over 1& 000 p a t i e n t s w i t h anky los ing s p o n d y l i t i s who rece i ved e x t e r n a l 

i r r a d i a t i o n from 1935 to 1954 i n the Uni ted Kingdom. The leukemia data in 

these p a t i e n t s are i n reasonab ly good agreement w i t h those f rom the Japanese 

A-bomb s u r v i v o r s . Another s tudy o f p a t i e n t s i r r a d i a t e d f o r anky los ing 

s p o n d y l i t i s and e the r diseases i s t h a t of Spiess and Mays ( 2 5 , 2 6 ) ; he re , the 

p a t i e n t s received in t ravenous i n j e c t i o n s of the bone-seeking a l p h a - e m i t t e r 

rad ium-224. The ev idence i n d i c a t e s t h a t the younger p a t i e n t s are s l i g h t l y more 

suscep t i b l e to the i n d u c t i o n of bone sarcomas f o r equal p r o t r a c t i o n per iods and 

t h a t the data are c o n s i s t e n t w i t h a quad ra t i c dose- inc idence r e l a t i o n s h i p . 
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I r r a d i a t i o n f o r medical reasons o f t e n i n t r o d u c e s u n c e r t a i n t i e s i n t o t he 

i n t e r p r e t a t i o n of data f rom p a t i e n t s , p a r t i c u l a r l y the p o t e n t i a l i n f l uence of 

the disease f o r which the p a t i e n t s were t r e a t e d . Fur thermore , ana lys is o f the 

dose- inc idence r e l a t i o n s h i p s f o r ca rc inogenes is by i n t e r n a l em i t t e r s is com­

p l i c a t e d by severa l sources of u n c e r t a i n t y r e l a t i n g to v a r i a t i o n s in the 

s p a t i a l and temporal d i s t r i b u t i o n of the dose, which a re , in t u r n , dependent 

on the up take , d e p o s i t i o n , metabo l ism, and e l i m i n a t i o n o f the r a d i o n u c l i d e 

( 1 - 8 , 2 7 ) . In most p a t i e n t s , the i n i t i a l dose, dose r a t e , and pa t te rns of 

r a d i o n u c l i d e e x c r e t i o n are unknown. Fur thermore , the r a d i o a c t i v i t y in these 

i n d i v i d u a l s may be depos i ted nonun i fo rm ly in bone, and concentrated in hot 

s p o t s , where the dose at the center i s very much h igher than tha t in 

su r round ing bone ( 2 7 ) . 

Occupat ional Exposures 

Valuable ep idem io log i ca l surveys e x i s t on popu la t i ons of workers exposed 

as a r e s u l t of t h e i r occupa t i ons ; these i n c l u d e , f o r example, uranium and 

f l u o r s p a r miners , r a d i o l o g i s t s , r a d i u m - d i a l p a i n t e r s , and workers in the p r o ­

cess ing of p lu ton ium ( 1 - 4 ) . Some o f these groups have been fo l l owed f o r many 

y e a r s . Impor tant data are a v a i l a b l e i n s p i t e o f t he comp lex i t i es of l ong- te rm 

e p i d e m i o l o g i c a l s t u d i e s , such as m o b i l i t y o f p o p u l a t i o n s , non ' j n i f o rm i t y o f 

occupa t iona l h i s t o r i e s , and inadequacy o f dos ime t r y . These s tud ies w i l l be 

d iscussed at length by my co l leagues i n t h i s symposium. 

High Natural Background Areas 

There are popu la t i ons exposed to l i f e t i m e doses of very high na tu ra l back­

ground r a d i a t i o n ; two are those l i v i n g in the monaz' te sands regions of B r a z i l 

and I n d i a , where they have res ided f o r many g e n e r - t i o n s . Attempts to ob ta in 

r e l i a b l e ep idemio log i ca l data from these popu la t i ons have f a i l e d due p r i m a r i l y 
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to the complications o f collecting human epidemiological data and further con­

founded by local cultural, religious, and political practices. 

Natural background radiation may vary from one geographic region to the 

next (1). Attempts to correlate background dose with human epidemiological 

data are confounded by errors and lack of uniformity in the dosimetric 

estimates of radiation levels, and by varying quality of vital statistics 

information among the various communities, states, regions, and countries 

(1-1). The sources of bias introduced by these factors have thus far been 

greater than differences that are likely to be of any value. 

What Are the Sources of Ep-idemiological Data for the Estimation of Excess 

Cancer Risk in Exposed Human Populations? 

The tissues and organs about which we have the most reliable epidemiological 

data on radiation-induced cancer.in man, obtained from a variety of sources 

from which corroborative risk coefficients have been estimated, include the 

bone marrow, the thyroid, the breast, and the lung (1-2). The data on bone 

and the digestive organs are, at best, preliminary, and do not approach the 

precision of the others. For several of these tissues and organs, risk esti­

mates are obtained from very different epidemiological surveys, some followed 

for over 30 years, and with adequate control groups. There is good agreement 

when one considers the lack of precision inherent in the statistical analyses 

of the case-finding and cohort study populations, variability in ascertainment 

and clinical periods of observation, age, sex and racial structure, and 

different radiation dose levels, and constraints on data from control groups. 

The most reliable data have been those of the risk of leukemia, which come 

from the Japanese atomic bomb survivors (17), the ankylosing spondylitis 

patients treated with X-ray therapy in England and Wales (24), the metropathia 

patients treated with radiotherapy for benign uterine bleeding (28), the tinea 
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capitis patients treated with radiation for ringworm of the scalp (29), and the 

early radiologists (30,31). There is evidence of an age-dependence and a dose-

dependence, a relatively short latent period of a matter of a few years, and a 

relatively short period of expression, some 10 years. This cancer is uniformly 

fatal. 

The data on thyroid cancer are more complex. These surveys include the 

large series of children treated with radiation to the neck and mediastinum for 

enlarged thymus (32), children treated to the scalp for tinea capitis (29), and 

the Japanese atomic bomb survivors (17) and Marshall Islanders (18) exposed to 

nuclear explosions. Here, there is an age-dependence and sex-dependence— 

children and females appear more sensitive. Although the induction rate is 

high, the latent period is relatively short, and it is probable that no 

increased risk will be found in-future follow-up of these study populations. 

In addition, most tumors are either thyroid nodules, or be.'.ign or treatable 

tumors, and only a few are fatal. 

Much information has become available on radiation-induced breast cancer 

in women (33,37). The surveys include primarily women with tuberculosis who 

received frequent fluoroscopic examinations for artificial pneumothorax (23), 

postpartum mastitis patients treated with radiotherapy (31), and the Japanese 

atomic bomb survivors in Hiroshima and Nagasaki (17). Here, there is an age-

dependence and dose-dependence, as well as a sex-dependence, the latent period 

is long, some 20 to 30 years. Perhaps about half of these neoplasms are fatal. 

Another relatively sensitive tissue, and a complex one as regards radiation 

dose involving parameters of the special physical and biological character­

istics of the radiation quality, is the epithelial tissue of the bronchus and 

lung. These surveys include the Japanese atomic bomb survivors (17), the 

uranium miners in the United States and Canada (35), and the ankylosing 
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s p o n d y l i t i s p a t i e n t s i n England and Wales ( 2 4 ) . There i s some evidence o f 

age-dependence f rom the Japanese exper ience , and a r e l a t i v e l y long l a t e n t 

p e r i o d . This cancer i s un i f o rm ly f a t a l . 

The r i s k o f r a d i a t i o n - i n d u c e d bone sarcoma, based p r i m a r i l y on surveys of 

the radium and tho r ium p a t i e n t s who had rece i ved the r a d i o a c t i v e substances f o r 

medica l t r e a t m e n t , or ingested them in the course of t h e i r occupat ions ( 2 6 ) , 

i s low. For a l l o the r tumors a r i s i n g i n v a r i o u s organs and t i ssues of the 

body, va lues are ex t reme ly crude and es t imates a r e , at bes t , p r e l i m i n a r y . 

What Can He Conclude? 

Of var ious s c i a t i c e f f e c t s t ha t might be produced by i o n i z i n g r a d i a t i o n at 

low l e v e l s of dose and dose r a t e , c a n c e r - i n d u c t i o n i s p r e s e n t l y considered t o 

be the most impor tan t p o t e n t i a l hazard to h e a l t h i n exposed human popu la t i ons . 

S tud ies of i r r a d i a t e d human popu la t ions i n d i c a t e - a dose-dependent increase in 

the inc idence of most types of cancer. The dose-response r e l a t i o n s h i p s f o r 

these cancers are c o n s i s t e n t w i th a range of l i n e a r , l i n e a r - q u a d r a t i c and 

q u a d r a t i c r e l a t i o n s h i p s between cancer i nc idence and dose. The data on the 

i n f l u e n c e o f dose r a t e i n man are 1 imi ted and at p resent f a i l to i n d i c a t e a 

r e d u c t i o n of r i s k per rad w i t h decreasing dose r a t e . The a v a i l a b l e dose-

i n c i d e n c e data suggest an age-dependency and a sex-dependency; the o v e r a l l 

s u s c e p t i b i l i t y appears h igher in c h i l d r e n than i n a d u l t s . 

A l l t i ssues o f the body are suscep t i b l e t o c a n c e r - i n d u c t i o n by r a d i a t i o n . 

The ep idem io log i ca l da ta are inadequate t o d e f i n e the dose-response r e l a t i o n ­

sh ips a t doses below 25 to 50 rems. Data f o r h igh-LET r a d i a t i o n are only 

f r a g m e n t a r y ; these suggest a high RBE w i t h l i t t l e change in e f fec t i veness per 

r ad w i t h decreasing dose and dose r a t e . Data f o r low-LET r a d i a t i o n , on the 

o t h e r hand, g e n e r a l l y show decrease in the e f f e c t i v e n e s s per rad w i t h 

dec reas ing dose and dose r a t e . 
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Numerical estimation of the risk of radiation-induced cancer in man must 

necessarily be based primarily on human dose-incidence data. However, risk 

estimation at very low doses and low dose rates at present must also neces­

sarily depend on extrapolation from observations at higher doses and higher 

dose rates, based on assumptions about the dose-incidence relationships and the 

mechanisms of carcinogenesis. Improvements in our knowledge of the carcino­

genic effectiveness of ionizing radiation will depend on the elucidation of 

mechanisms of carcinogenesis, especially at the very earliest stages of 

malignant transformation, and on the provision of empirical dose-incidence data 

for low doses both in human populations and in laboratory animal experiments, 

insofar as this is possible. 

And finally, we must conclude that the estimation of the carcinogenic risk 

of low-dose, low-LET radiation is subject to numerous uncertainties. The 

greatest of these concerns the shape of the dose-response curve. Others 

include the length of the latent period, the RBE for fast neutrons and alpha 

radiation relative to gamma and x-radiation, the period during which the 

radiation risk is expressed, the model used in projecting risk beyond the 

period of observation, the effect of dose rate or dose fractionation, and the 

influence of differences in the natural incidence of specific types of cancer. 

In addition, uncertainties are introduced by the biological risk character­

istics of humans, for example, the effect of age at irradiation, the influence 

of any disease for which the radiation was given therapeutically, and the 

influence of length of observation or follow-up of the study populations. The 

collective influence of these uncertainties is such as to deny great credibil­

ity to any estimates of human cancer risk that can be made for low-dose, low-

LET radiation. Nevertheless, despite all the uncertainties 1 have chosen to 
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discuss, there is greater knowledge of the risks of radiation than of any other 
potentially hazardous physical or chemical agent in the environment. 
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Dose-response model for 
radiation carcinogenesis 

I ( D ) = ( a n + a l D + a ? D 2 ) e { " ^ i D " / 3 2 D < 

I Q 1 U , 

Dose, D (rad) 

Figure 1 XBU91-3029 
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SHAPES OF DOSE RESPONSE CURVES 

IID)= V " , D 
linear 

Dose, D (rod) 

I(D)=ao+a,D 2 

quadratic 

Dose, D (rod) 

1(D)= a 0 - - a , D + a 2 0 
linear-quaaioric 

Dose, D (rod) 

linear-quodralic / c e l l killing 
attenuates I 

1(D)-- I a 0 + a, D + a j j D 2 ) ^ ' 0 ' ^ D ? l 

Dose, D ( rod) 



II 

Nogcsakf 

LSS death certificate 
Total registry 

J l_ 0 I 
4 0 0 0 

T6S Dose (rod) 
XBl 815 -3791 
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0 200 4 0 0 
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