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Cancer Mortality in Hiroshima and Nagasaki 

- Recent Implications for the Risk Estimates -
Albrecht M. Kellerer 

Institut für Medizinische Strahlenkunde, University of Würzburg 

Introduction 
To est imate the cancerogen ic r isks of smal l doses of ionizing radiat ions is an unavo idab ly fo rmal is t i c p r o ­
cedure . It refers t o increases of cancer rates wh i ch can not be obse rved , because they are far smal ler t han 
spon taneous inc idences . There are, at least at present , no k n o w n DNA-marke rs w h i c h w o u l d permi t a 
d is t inct ion be tween radiat ion induced neop lasms and those due to other fac to rs . Radiat ion i n d u c e d c a n ­
cer c a n , therefore, be assessed only th rough ep idemio log ic s tud ies , and such s tud ies require substant ia l 
increments of cancer rates. Observed ef fects are, accord ing ly , a lways related to large exposu res . 
This uncer ta in ty permi ts w ide ly d iverg ing op in ions concern ing the magn i tude of the a s s u m e d r isks. Inf la­
ted c la ims of radiat ion r isks can not be fals i f ied in mos t ins tances; they can merely be shown t o be unl ikely 
by jud ic ious ex t rapo la t ions f r om ef fects observed after large exposures . It is equal ly imposs ib le t o d i s ­
prove ex t reme coun te rpos i t i ons , wh i ch range f r om general postu la tes of th resho lds for radiat ion ca rc ino ­
genes is to the b road asser t ion of benef ic ia l e f fects of smal l doses . 
The absence of hard ev idence does not inval idate the basic pr inc ip les of radiat ion p ro tec t ion . It is ev ident 
tha t de t r iments need to be kept at a level t o o low to be obse rved . But th is a lone is not suf f ic ient . In v iew 
of the mul t ip l ic i ty of risk fac to rs , due to env i ronmenta l cond i t ions and to life sty les, one mus t t ake into 
accoun t and mus t min imize even those r isks w h i c h , by themse lves , are cer ta in to remain un t raceab le . 

Risks es t imates - even if they remain sub jec t to large uncerta int ies - can serve as guidel ines for con t ro l 
and l imi tat ion. They are requi red also to rect i fy d is to r ted j udgemen ts wh ich have surv ived, or even g r o w n , 
in the publ ic d iscuss ion - especia l ly after the reactor ca tas t rophe - and wh i ch have made it d i f f icul t t o 
preserve a reasonably ba lanced percep t ion of r isks. The observat ions of the fa te ot the a t o m i c - b o m b 
surv ivors remain t he m o s t impor tan t source of know ledge of radiat ion r isks, and it is, therefore, necessary 
t o cons ider the imp l ica t ions of the dos imet ry revision and of the cont inuat ion of the ep idemio log ica l s tudy 
in H i rosh ima and Nagasak i . 

Temporal Trends of Cancer Mortality in Hiroshima and Nagasaki 
The revision of the dos ime t ry and the pub l ica t ion of the new dos imet ry sys tem DS-86 ΙΛΙ is an impor tan t 
d iv is ion line in the w o r k of the Radiat ion Effects Research Foundat ion (RERF) in Hi rosh ima. Essent ia l ear­
lier results on t he t ime and age dependence of radiat ion induced t u m o r s have, however , no t lost their 
val id i ty . They remain centra l for an unders tand ing of risk es t imates . 

Tempora l t rends up to 1982 can be seen in Report-10121 on cancer morta l i ty in H i rosh ima and Nagasak i . 
Th is report is stil l based on t he fo rmer dos imet ry ( tentat ive 1965 dos imet ry , TD-65) . However it dea ls not 
pr imar i ly w i th d o s e d e p e n d e n c e s , and can thus br ing ou t essent ia l character is t ics of t he d e p e n d e n c e of 
i nduced t u m o r s on age at exposure and t ime after exposure . In th is w a y it faci l i tates the apprec ia t ion of 
n e w risk es t imates w h i c h are n o w be ing der ived on the basis of the revised dos imet ry . 

The pub l ica t ion of Report -10 is an essent ial s tep in the wo rk of RERF also in a fur ther aspect . It is t he f irst 
s t udy w h i c h is a c c o m p a n i e d by the release, in mach ine readable f o r m , of the input da ta and o f t h e a lgo ­
r i thms ut i l ized for the analyses. The da ta w h i c h are n o w avai lable f r om RERF / 3 / i l lustrate essent ia l 
a s p e c t s of the ep idemio log ica l observa t ions . Three main po in ts wil l be brief ly deal t w i t h . The charac te r i s ­
t ic d i f ference be tween the t ime d is t r ibut ion of leukemias and of sol id t umors wil l be cons ide red . Second ly , 
t he substant ia l ly enhanced sensi t iv i ty of t hose e x p o s e d at young ages wil l be men t i oned . Finally it wi l l be 
seen that essent ia l da ta are stil l t o c o m e , even t hough the ep idemio log ica l s tudy has now cove red more 
t h a n 40 years. 

The d iagram in Fig. 1 ind icates the d i f ference be tween the relative r isk mode l , wh i ch is current ly a s s u m e d 
for so l id t umors (except fo r os teosarcomas) , and the abso lu te r isk model w h i c h appl ies to leukemias and 
os teosa rcomas . A c c o r d i n g to the relative risk mode l , t u m o r rates increase, after a latent per iod o f app rox ­
imate 5 to 10 years , by a cer ta in dose dependen t factor , so that the excess risk is a lways p ropor t iona l t o 
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Fig. 1 Schemat i c d iagram of cancer mor ta l i ty acco rd ing to the relative risk mode l and the abso lu te r isk 
mode l . 

The sol id curves give the average rates for the male popu la t ion of the Uni ted Sta tes (data f r o m 
the SEER tab les /4 / ) . The relat ive risk mode l per ta ins t o sol id t umors , w i th the excep t ion of o s t e o ­
sa rcomas , and postu la tes a p ropor t iona l increase of the age spec i f ic t u m o r rates f ive or ten years 
after a radiat ion exposure . T h e abso lu te risk mode l is app l ied to leukemias and os teosa rcomas . 
It co r responds to a w a v e of increased t u m o r rates after exposure . 

The examp les are in line w i t h t he dose dependences ut i l ized in the rad ioep idemio log ica l tab les 
of NIH /8Λ 

the spon taneous , age spec i f ic r isk. T h e relat ive increase after a cer ta in dose is a s s u m e d t o d e p e n d on sex 
a n d on age at exposure . It may a lso d e p e n d on the t y p e of tumor , a l though it is, at present , d i f f icul t t o 
quant i fy such dependences . The observa t ions on the surv ivors of H i rosh ima and Nagasak i appear t o be 
cons is ten t - w i th the excep t ion of leukemias - w i th the relat ive risk mode l . The mode l is, therefore, ut i l ized 
in mos t , if not al l , numer ica l ana lyses. It is, nevertheless, an open ques t ion , whe ther the radiat ion i nduced 
inc rements of t u m o r rates wil l pers is t in fu ture decades , and th is wil l largely de te rmine whether t h o s e 
e x p o s e d at young ages are espec ia l ly sensi t ive t o the ef fects of ioniz ing rad ia t ion. In t w o other impor tan t 
ep idemio log ica l s tud ies , namely t he f o l l o w - u p of the Br i t ish anky los ing spondy l i t i s pat ients Ibl and tha t of 
t he uran ium miners in Chechos lowak ia / 6 / , there have been recent ind icat ions of dec l in ing relative r isks, 
several decades after the exposures . A l t hough the new BEIR-IV Repor t of the Amer i can A c a d e m y of 
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Sc ience has not yet appeared , it is k n o w n 111 that it, t oo , pos tu la tes a dec l ine of the relat ive risk fac tors 
for lung cancer , s o m e 40 years after the radon exposures . 

The lower panel of the d iagram indicates the abso lu te risk mode l , as it has been d e d u c e d f rom the leu­
kem ia f requenc ies in H i rosh ima and Nagasak i . For leukemias, t oo , t he spon taneous inc idences increase 
s teep ly in o ld age. However , after a radiat ion exposure one observes a wave of add i t iona l leukemias, 
w i th a marked m a x i m u m after only a few years. In the fo rmal analys is, for examp le in the rad ioep idemio -
log ica l tab les of NIH / 8 / , the wave has been app rox ima ted by a logar i thmic normal d is t r ibu t ion . The p a ­
rameters of the d is t r ibut ion are taken to be dependen t on the t ype of leukemia and a lso on age at ex ­
posure . Ana logous relat ions have been ob ta ined for the os teosa rcomas induced in pat ien ts w h o were 
in jec ted w i th rad ium-224 /9Λ 

Fig. 2 g ives a synops is of the cumula t ive cancer morta l i ty in H i rosh ima and Nagasaki for f ive cohor ts of 
surv ivors w i th di f ferent ages at the t ime of the b o m b i n g . The d iag rams are s u m d is t r ibu t ions p lo t ted f r o m 
the beg inn ing of the ep idemio log ica l invest igat ions 1950 up to 1982. S u m d is t r ibut ion are g iven , because 
they make for more readib le d iag rams and for more recognizab le t rends . Differential d is t r ibu t ions w o u l d 
be t o o irregular, s ince one deals , at least part ly, w i th smal l numbe rs of cases. The logar i thmic ord ina te 
is chosen to represent the t rend of the t ime dependences over a w ider range and , w h i c h is equal ly i m ­
por tan t , t o m a k e propor t iona l i ty of the spon taneous rate and the rates in the highly e x p o s e d g roups re -
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Fig. 2 Cumula t i ve cancer mor ta l i ty of the a tomic b o m b surv ivors. The sol id bands refer t o the col lect ive 
of all pe rsons ass igned a TD 65 dose be low 0.5 gray ; the ha tched bands co r respond to those as­
s igned a dose in excess of 0.5 gray. The w id th of the bands ind icates the s tandard error. 

The re lat ions are g iven for males and females and for f ive cohor t s wh i ch are separa ted acco rd ing 
to t he age at t he t ime of t he b o m b i n g . The absc issa represents the per iod of the ep idemio log ica l 
observa t ions f r om 1950 to 1982. The compu ta t i ons util ize the da ta f r om RERF / 3 / (for more deta i led 
representa t ions see /10/). 
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cogn izab le as parallel d isp lacement of the curves. In v iew of the uncerta int ies of the o ld dos imet ry wh i ch 
is stil l ut i l ized in th is data set, and also for more clari ty of the results, a s imple d isect ion is made be tween 
pe rsons in the fo l l ow-up w h o had an es t imated dose be low 0.5 Gy and those w h o had higher exposures . 
All t hose w i th es t imated doses be low 0.5 Gy are poo led in the ' con t ro l ' g roups wh ich are represented 
by the b lack bands . All those w i th higher doses are poo led in the ' e x p o s e d ' g roups wh i ch are represented 
by the ha tched bands . The w id th of the bands gives the s tandard error of the cumula t ive rates. 

It is o f ten said that doses be low 0.5 Gy can not lead to recognizably increased cancer rates, because 
no s igni f icant increases were f ound a m o n g the Japanese surv ivors w i th doses be low 0.5 Gy. The latter 
par t of the s ta tement is t rue, but the inference is w r o n g or, at least, m is lead ing . In fact , mos t doses in 
t he g roup be low 0.5 Gy are very smal l . The average TD-65 dose in the ' con t ro l ' g roups is only abou t 
0.05 Gy. It is not surpr is ing that one fails to see enhanced rates in these g roups . It is equal ly ev ident 
tha t mat te rs may be di f ferent in a g roup exposed to nearly equal doses c lose to 0.5 Gy. The late evacuees 
f r o m the sur round ing of Chernoby l are such a g roup (approx imate ly 25,000 persons w i th an es t imated 
m e a n dose of 0.45 Gy [see /12/]); one may, indeed, expec t to see enhanced leukemia rates in the 
f o l l o w - u p of this g roup . 

The d iag rams of Fig. 2 show the general enhancement of the cumula t ive rates in the more highly e x p o s e d 
g roups . In these g roups the mean dose is of the order of 1.5 Gy. The enhancemen ts are substant ia l , a l ­
t h o u g h they may appear of minor magn i tude in the logar i thmic representat ion. The d iag rams are g iven 
t o faci l i tate a general unders tand ing of the da ta and of the need to cont inue the observat ions . The exact 
s tat is t ica l analysis must use soph is t ica ted p rocedures wh i ch are des igned to separate the inf luence of 
var ious con found ing fac tors . The observat ions in the older cohor ts are virtual ly te rm ina ted , s ince few in 
these cohor ts are still al ive. The youngest g roups , on the other hand , are still nearly comp le te and have 
not yet reached the age of substant ia l spon taneous cancer inc idences. For these cohor t s the essent ial 
resul ts are still to c o m e . However , even in the summary d iagrams, it is apparent that the radiat ion ex­
posure has increased cancer mortal i ty , and that the increases may be general ly cons is tent w i th a parallel 
d i sp lacement , i.e., w i th a relative increase, of the rates. In sp i te of the stat ist ical uncerta int ies the da ta 
are suggest ive of a marked ly higher sensit iv i ty in the younger cohor ts . It wil l remain a central t op ic of 
the ep idemio log ica l invest igat ions whether the apparent enhancements wil l ful ly, or part ly, persist up to 
o ld age. 

F ig . 3 conta ins ana logous d iagrams for leukemias only. The abso lu te numbers of cases are smaller, h o w ­
ever the number of radiat ion induced leukemias is, in the exposed g roups , so s t rongly in excess of the 
spon taneous rates that the curves are wel l separa ted , in sp i te of the smal l numbers . The main d i f ference 
t o the observat ion for sol id t u m o r s is the earlier occur rence of the increases f requenc ies wh ich are not 
in phase w i th the age dependen t var iat ions. The wave of radiat ion induced leukemias has been formal ly 
desc r ibed in te rms of a logar i thmic normal d is t r ibut ion in t ime, and the d is t r ibut ions are f ound to be par­
t icu lar ly nar row for t hose exposed at young age. On the other hand , one notes that the da ta d o not exc lude 
the possib i l i ty that there may be an added increase at o ld age, when the spon taneous rates are great ly 
e n h a n c e d . In the d iagrams such a possibi l i ty w o u l d co r respond to parallel dependences for the low dose 
a n d the high dose g roups , and th is may not be inconsis tent w i th all the da ta observed up to now. Even 
for leukemias, the con t inued fo l l ow-up wi l l , therefore, remain impor tant . It w o u l d be w r o n g to d iscount 
th is possibi l i ty , merely because there have been no s igni f icant excesses of leukemia rates in recent years. 
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A C E S IN T H E F I V E C O H O R T S A T T H E T I M E O F B O M B I N G AND D U R I N G F O L L O W - U P 
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Fig. 3 Cumula t i ve morta l i ty of t he a tomic b o m b surv ivors due to leukemias ; the d iag rams are ana logous 
to Fig. 2 . 

Figs. 4 and 5 g ive examp les for t w o se lec ted si tes. The results for lung cancer are instruct ive in v iew 
of t he p r o b l e m , whe ther the propor t iona l increases of the spon taneous rates are addi t ive or mul t ip l icat ive 
w i th regard t o t he over-al l rates. Wi th the mul t ip l icat ive assumpt ion a cer ta in exposure w o u l d p r o d u c e 
m o r e cancers in smoke rs than non -smoke rs , and more in men then w o m e n . However , the compa r i son 
of t hose e x p o s e d in the age interval 35 to 50 sugges ts addi t iv i ty , s ince the separat ion of the curves is 
m o r e marked for w o m e n . Ano ther point of interest is the apparent ly larger separat ion for the younger 
coho r t s . It s h o w s the need for a con t inued fo l l ow-up , and alerts t o the possib i l i ty of substant ia l ly h igher 
sensi t iv i t ies at younger ages. The da ta in Fig. 5 for m a m m a r y ca rc inomas suppor t these conc lus ions ; 
recent da ta on inc idences are even s t ronger ind icat ions of the increased sensi t iv i tes at young age . 
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A C E S IN T H E F I V E C O H O R T S AT T H E TIME OF BOMBING AND D U R I N G FOLLOW UP 
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Fig. 4 Cumula t ive morta l i ty of the a tomic b o m b surv ivors d u e to cance r of the lung and the respiratory 
t rac t ; the d iagrams are ana logous to Figs. 2 and 3. 
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Fig. 5 Cumula t ive morta l i ty of the female a tomic b o m b surv ivors due to m a m m a r y ca rc inoma; the dia­
g rams are ana logous to Figs. 2 to 4. 
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New Risk Estimates for Cancer Mortality 

A first analys is in te rms of the new dos imet ry has been pub l ished by Preston and Pierce /13/. This s tudy 
is not yet based on def in i te compu ta t i on of o rgan doses in all m e m b e r s of the life span s tudy sample 
(LSS). However , new tentat ive dose determinat ions were used for 76.00 of the tota l of abou t 90.00 per­
sons in the LSS. 

The essent ia l result of the revised dos imet ry is the conf i rmat ion that neut ron doses are far lower than 
earl ier a s s u m e d / 1 / . A cer ta in cont r ibu t ion of the neut rons to the ef fects observed in H i rosh ima can not 
be e x c l u d e d , especia l ly at low doses were the relative b io logical ef fect iveness of neut rons may be very 
h igh. However , it appears unl ikely that any neutron ef fects can be ident i f ied by the stat is t ical analysis 
of the da ta . The s tudy of Preston and Pierce is, therefore, con f ined to cons idera t ions w h i c h are based 
on cer ta in pos tu la tes concern ing the relative b io logical ef fect iveness of neut rons, and it is seen that these 
pos tu la tes have only minor impl ica t ions for the resul t ing risk es t imates for g a m m y rays. The inf luence 
of neu t rons wi l l , therefore, not be cons idered in the fo l low ing . 

W i th regard to the total i ty of all so l id t umors , one f inds that the inf luence of the dose revis ion is minor. 
If one app l ied the o ld dos imet ry t o the da ta up to 1985, one w o u l d ob ta in dose d e p e n d e n c e s for so l id 
t u m o r s w h i c h are not largely di f ferent f r om those ob ta ined w i th the new dos imet ry . That one obta ins organ 
doses for g a m m a rays in the new dos imet ry sys tem wh i ch differ only modes t l y f r om the o ld es t imates 
is the result of t w o nearly ba lanc ing changes . Acco rd ing to the new dos imet ry the sh ie ld ing by houses 
is cons ide rab ly larger than earlier a s s u m e d ; however the absorp t ion in the body is less, and the doses 
to deeper o rgans are, therefore, larger for a g iven sh ie lded kerma. 

For leukemias the s i tuat ion is s o m e w h a t di f ferent, because the dose in bone mar row had in the old d o ­
s imet ry not been m u c h af fec ted by shie ld ing due to the body . The reduct ion of the neut ron doses and 
the e n h a n c e d sh ie ld ing in houses leads, therefore, to substant ia l ly reduced organ doses a n d , accord ing ly , 
t o risk es t ima tes wh i ch are, by abou t a fac tor 2, in excess of earlier es t imates . It is still uncer ta in whether 
d i f ferent compu ta t i ona l m e t h o d s in the recent s tudy may also be part ly respons ib le for the increased risk 
es t ima tes for leukemias. 

The new risk es t imates of cancer morta l i ty , apart f r om leukemia, differ f r om the earlier va lues most ly b e ­
cause of t he con t i nued observa t ions . The changes are substant ia l , because younger coho r t s have e n ­
te red t h e age of spon taneous ly increased t u m o r rates, and the co r respond ing increases of radiat ion in ­
d u c e d t u m o r rates have b e c o m e apparent . 

For the f i rst t ime in the wo rk of RERF one has n o w in t roduced mathemat ica l mode ls / 3 / wh i ch co r respond 
genera l ly t o the so-ca l led propor t iona l hazard mode ls and to the a lgor i thm in t roduced by Cox . The es ­
sent ia l pos tu la te is that of the relat ive risk, as ind icated in the d iagram of Fig. 1. It is a s s u m e d that t he 
p ropor t iona l increases of the spon taneous rates wil l persist th roughou t life. On the basis of th is a s s u m p ­
t ion Pres ton and Pierce have ob ta ined the central result wh i ch is s h o w n in Fig. 6. In the f igure the excess 
relat ive r isk is g iven as a func t ion of the es t imated dose to the deeper o rgans . The d iag ram relates to 
t he to ta l l i fe -span s tudy samp le , i.e., to the ent i rety of all age cohor ts . In Table 1 sca l ing fac to rs for t he 
d i f ferent age cohor t s are g iven, in a rough subd iv is ion , for men and w o m e n . The values relate to the re­
lat ive increases, and the fac to rs are, therefore, higher for w o m e n . However , age spec i f ic over-al l cancer 
mor ta l i ty is lower by a fac to r of abou t 2 for w o m e n than for men , and the f requency of i nduced cancers 
is, there fore , not h igher in w o m e n for a g iven per iod at risk. On the other hand , w o m e n have added life 
e x p e c t a n c y a n d , therefore, a lso a cor respond ing ly larger in tegrated cancer risk f r om a g iven dose. 

A c c o r d i n g to the d e p e n d e n c e in Fig. 6, Preston and Pierce infer f r om linear regression of the data an 
increase of cancer morta l i ty by 70 % after a gamma- ray dose of 1 Gy. Wi th an assumed chance of 0.18 
for an ind iv idual to d ie of cancer , the increase w o u l d co r respond to an a d d e d risk of abou t 0.14 per Gy. 
Th is d i f fers marked ly f r o m the m u c h more sha l low dependence wh i ch co r responds to the risk es t imates 
g iven by ICRP for cancer morta l i ty , excep t leukemia /14/. However , a d i rect compar i son of the t w o d e ­
p e n d e n c e s is m is lead ing , because the risk es t imates of ICRP were der ived w i th reference to a t ime at 
r isk of on ly 30 years after exposure , and fu r thermore because these risk es t imates incorpora ted an as ­
s u m e d reduc t ion fac to r for low doses and low dose rates of 2 to 3. If one accep ts the reduct ion fac tor 
o f 3 w h i c h is sugges ted by UNSCEAR /15/ one obta ins the straight line wh i ch is h igher by a fac tor of 
4 than the ICRP risk es t imates . 

W h a t are t he reasons for th is remain ing d i f ference? One reason is the pro jec t ion of the relat ive risk mode l 
t h r o u g h o u t life. A s e c o n d reason is, that the new es t imates relate t o a popu la t ion inc lud ing young ages 
at exposu re , whi le the ICRP es t imates are g iven for a work ing age popu la t ion . If one app l ies the scale 
fac to rs f r o m Tab. 1 for males of age 20 to 35 , one f inds a ratio of the new to the o ld risk es t imates of 
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Fig. 6 Dose dependence of the relative and the abso lu te risk of cancer morta l i ty (wi thout leukemias) ac ­
cord ing to the results of Preston and Pierce /13/, and compar i son w i th the risk est imates of ICRP 
26 /14Λ The in termediate dependence co r responds to the results of Preston and Pierce when they 
are reduced by a fac tor 3 to accoun t for low doses and low dose rates (see /15/). 

The results of the new analysis refer to the col lect ive of all a tomic b o m b surv ivors. Table 1 con ta ins 
the ad jus tment fac tors for di f ferent age g roups . The ICRP est imates were based on data up t o 
1975 and relate to an adul t work ing -age popu la t ion . 

Table 1: Factors for ad just ing the data in Fig. 6 to speci f ied age g roups . 

A g e at Radiat ion E x p o s u r e 

< 2 0 2 0 - 3 5 > 35 

Females 2.16 1.29 0.71 

Males 0,97 0.58 0.32 

abou t a fac tor of t w o . A minor part of th is remain ing di f ference is due to t he revision of the dos imet ry . 
The major change is due to the reference to the ent i re life t ime , rather than t o the 30 years of observa t ion 
wh i ch had passed when ICRP pub l ished its earlier va lues. Apar t f r om the increased est imates for leukemia 
wh i ch result f r om the changed dos imet ry , the pro jec t ion to longer t imes at r isk is, therefore, the essent ia l 
change wh ich necess i ta tes the renewed d iscuss ion of the risk fac tors . Acco rd ing l y it is of interest t o q u a n ­
t i fy these cons idera t ions somewha t . 

Fig. 7 is based on l i fe-table da ta for tota l morta l i ty and for cancer morta l i ty w h i c h app ly t o the U.S. bu t 
are p robab ly fairly val id for the Japanese a tomic b o m b surv ivors. It g ives t h e f rac t ion of cancer mor ta l i ty 
expressed up to certa in ages. Under the assump t i on of a comp le te relat ive risk mode l the f rac t ions of 
radiat ion induced cancer morta l i ty have then been c o m p u t e d up to spec i f ied ca lendar years for t h o s e 
exposed to the b o m b radiat ion at di f ferent age. The results are g iven in Fig. 8. One conc ludes that a s u b ­
stant ial part of the tota l expec ted cancer morta l i ty in the in termediate age c o h o r t s has occur red b e t w e e n 
1975 and 1985. One notes also that mos t of the in format ion is still t o c o m e for t hose exposed at y o u n g 
ages. If the relative risk mode l appl ies, and enhanced rates persist t h roughou t life in propor t ion t o t he 
age speci f ic increases, one wil l still encounter the major part of the e f fec ts , and th is contr ibut ion wi l l no t 
be exhausted before the f irst decades of next mi l lenn ium. The observa t ions on the fate of the surv ivors 
of the a tomic b o m b i n g s wi l l , therefore, remain a last ing ob l igat ion for a long t ime to c o m e . 

38 



\ CO 
LU 
_J 
< 
LU 
LL 

Ω 
LU 
μ- CO 

M
U

 L
A

­

M
A

LE
 

ID 
U 

\ -
< LU 
>- Ο >- < H-

A
LI

 

IE
D

 

LL 

O
R

 

EC
l 

ΓΞ CL 
C£ CO • 

LU Ο 
U 
Ζ 
< CL -
u 3 

Π3 
<D 

LU 
Ο 
< 

LU 
Ο 
< 

Ο ο 

A i n v i a o w Q3±vinwno I S O ! SUV3A dO y3awnN NV3W 

CO 
X 

< 
LU 
Q 
q: 
LU 
υ 
< υ 

LU 
CO 

Η 
Ζ 
LU 

H 
LU 
Q 

- -

co 
LU ^ 7 

CO * 

Μ
Α

 

A
LE

 

\ \ :> 
LU 

-
LL 

^ 0 
ζ ^ -LU 

ü£ 
Η 
LU 
Q 
LL LU V i * 
Ο Ο 
Ζ < 
ο ζ 
Ι ­
Ο 
ω 
5 
Η-
CO 
Ω 

Ο 

( N ^ o a ooot yad) 

ο 

ω 

LU 
Ο 
< 

LU 
Ο 
< 

30V Q3ldl03dS I V SHJLV3a 
30V CJ31dI03dS I V 

U30NV0 O l 3HQ I S O ! SUV3A 

Fig. 7 The uppe r panels g ive the d is t r ibut ion of cancer morta l i ty in age and the co r respond ing s u m d is ­
t r ibu t ion . The lower panels g ive the d is t r ibut ions we igh ted by the loss of life t ime . Acco rd ing to 
the relat ive risk mode l for so l id t umors , the dependences are the s a m e for radiat ion induced c a n ­
cer. 
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D E T R I M E N T FROM 1950 T O E X T I N C T I O N O F C O H O R T 

N U M B E R O F C A N C E R D E A T H S Y E A R S L O S T D U E T O C A N C E R 

0 10 20 30 40 50 0 10 20 30 40 50 

A C E IN 1945 A C E IN 1945 

Fig. 8 Fract ion of det r iment expressed - accord ing to the relat ive risk mode l - a m o n g the a tomic b o m b 
surv ivors up to spec i f ied years in the fo l l ow-up . The doma ins above the curves co r respond to the 
ef fects not yet observed . The pro jected ef fects may be substant ia l ly smaller, if the increased re­
lative r isks do not persist th roughout life. 
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