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SUMMARY

The present study extends an earlier one by 4
vears from 1975 to 1978. Leukemia as a cause
of death among survivors has continued to
decrease and now differs from the control group
only in Hiroshima. For cancer other than
leukemia the increase in absolute risk has become
more marked as the cohort has aged and especially
so in Nagasaki where it is now statistically
significant for the first time. In addition to
previously demonstrated sites (i.e., lung, breast,
stomach, esophagus, and urinary tract) colon
cancer and multiple myeloma can now be shown
to be significantly related to exposure. No
significant relationship to radiation can as yet
be established for malignant lymphoma, rectum,
pancreas and uterine cancer.

It has not been possible with the present data to
determine statistically whether the dose response
to gamma rays is linear or nonlinear. The relative
biological effectiveness value of neutrons for
leukemia and lung, breast, and stomach cancer
ranges from 2 to 7 under the linear model for
gamma rays.

The time from exposure to death is shortened for
leukemia depending on dose but not for other
cancers, and radiation-induced cancers other than
leukemia seem to develop proportionally to the
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natural cancer rate for the attained age. For
specific age-at-death intervals, both relative and
absolute risks tend to be higher for younger age-
at-time-of-bomb individuals.

INTRODUCTION

ABCC and RERF have used, for several decades
now, a fixed cohort of A-bomb survivors and
suitable comparison subjects, the so-called Life
Span Study (LSS) sample,' to ascertain possible
effects of A-bomb exposure on mortality.
Periodic analyses of the results of this surveillance
continue; the most recently published account
(in 1978) spanned the years 1950-74.2 The
present report covers the 28-year period 1950-78.

As earlier reports have indicated, the late effects
of A-bomb radiation on mortality appear to be
limited to an increase in malignant tumors. In
these additional 4 years there have been 5,103
more deaths of which 1,193 have been ascribed
" to cancer, an increase of 24% in such deaths since
the last report. This study examines anew the
dose-response relationships examined in previous
reports; however, it also addresses -problems
which these publications were able to treat
less well because of a smaller number of deaths,
such as the estimation of the form of the dose-
response curve and the relative biological
effectiveness (RBE) of neutrons, the latent
period for radiation-related malignancies, and the
effects of age at the time of the bomb (ATB) and
carcinogens other than radiation. Indeed, this
study focusses upon these problems. An analysis
of mortality from causes other than malignant
tumors will be reported separately.?

METHODS

Exposure Dose

Recently, after further analysis of the physical
evidence, the hypocenter in Nagasaki has been
relocated 37 m to the southwest of the location
used in computing the original T65 Dose* and
the dose estimates based on this new hypocenter
have been used here. The effect of this relocation
on the number of individuals within the dose
categories previously used is generally small,
being 0.1%-6.2% for the nine dose groups as
shown in Table 1. This table also sets forth a
further methodological change, namely, the
standardization of the rounding process used in
the calculation of individual doses. Different
rounding conventions have been used from
time to time, but here (and hereafter) the
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TABLE 1 THE EFFECT OF ROUNDING PROCESS AND RELOCATION OF THE NAGASAKI
HYPOCENTER ON NUMBER OF SUBJECTS

%1 EEBRBONHONEAAOHE(LE - BE) L EEOBRLBOEEIZLS
EERSERHREHOEE
T65DR in Rad
Total 0 19 1049 5099 100-199 200-299 300-399 400+ Unk
HIROSHIMA
?'Ii.u'rﬂ:u.erinpre\l'il::usirt:pw:mg 61911 29943 13796 10761 2718 1721 656 370 505 1441
Revised number associated
with change in rounding
process 27577 15933 10911 2783 1740 659 369 510 1429
NAGASAKI
Number in previous report 20331 4700 6706 3759 1314 1391 748 270 378 1065
Revised number associated
with change in rounding
process 4010 7288 3904 1358 1394 761 272 379 965
Revised number associated
with change in the rounding
process and the relocation
of hypocenter 4004 7140 4031 1442 1388 722 270 377 957

method of half adjustment will be used.®
Previously it has been common to drop fractional
values of a rad, that is, to round down. This
seemed justifiable when our investigative efforts
were focussed largely on the presence or absence
of an effect of radiation at moderate or
high doses. However, as interest has mounted in
the possible consequences of exposure to doses
of less than 10rad, this practice, could obscure
an effect through the systematic underestimation,
admittedly small but possibly nonnegligible, of
the exposure of individuals in the low dose
groups. The revised dose is called the “T65
revised dose’’ (T65DR). The change in number of
subjects associated with this revision in Nagasaki
is fairly large in the O and 1-9 rad dose groups,
being 14.7% and 8.7%, respectively, but is small
in the high dose groups, generally less than 1%,
as shown in Table 1. In Hiroshima, where
no relocation of the hypocenter has occurred,
the change in the number of subjects associated
with the revised rounding process is not dissimilar,
as shown in Table 1.

Individuals for whom a dose cannot be estimated
by present methods, either for lack of shielding
data or because the attenuation factors are
unknown, number 2,386 or 2.9% of A-bomb
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survivors in the Hiroshima and Nagasaki cohorts.
They have been excluded in this analysis. The
“not-in-city” group of the cohort has also been
excluded in this analysis as in the most recent
previous one.

It must be borne in mind that some uncertainty
continues to surround both the quantity “and
quality of the radiation released by these two
nuclear devices, particularly, the Hiroshima
bomb. Only one weapon of the latter type has
ever been detonated and thus its yield has had
to be reconstructed. Different reconstructions
have led to different estimates of the prompt
gamma and neutron exposures. A recent such
reassessment suggests that the gamma estimates
used in the T65 calculations may be too low and
the neutron too high, and that total kerma may
have been greater than previously supposed.
Note this would have the effect of diminishing
the slope of the dose-response curve based on
total kerma and would make the results seen in
the two cities more similar if the reassessment is
correct.

Ascertainment of Death 80
Ascertainment of death is based on an inspection
of the koseki. This system of household registra-
tion and the events which affect household
composition have been described fully elsewhere.”
Suffice it here to state that numerous lines of
evidence suggest that few, if any, deaths escape
the registration system. There is, then, almost
no failure to ascertain the fact of death through
this procedure. Causes of death have bsen
transcribed from schedules based on death
certificates kept in the Health Centers throughout
Japan. To ascertain the accuracy of the auses of
death, a comparison has been made with autopsy
diagnoses in autopsied cases.® Though accuracy
depends upon the cause of death and differs by
site of cancer, it is generally high. Some 70% ot
cancer deaths, all sites, can be confirmed, and for
specific malignancies such as leukemia, and
stomach, breast, and lung cancers, where the role
of radiation seems clear, confirmation and
detection rates are 60%-95%. These findings
support the validity of an analysis based on death
certificates in this cohort.

Statistical Methods

The same statistical methods are used here as
in the previous report.? Briefly, the exposed
individuals in the cohort (excluding the “not-in-
city” and “dose unknown” groups) were divided
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into eight dose categories and a contingency
table analysis was made adjusting for age ATB,
sex, city, and period (year of death) using the
Mantel-Haenszel method based on person-years
at risk. In addition to the usual chi-square test,
Cochran’s linear trend chi-square test was
calculated for the summary contingency table.
Relative risks are based in the latter table; they
are, by definition, the ratios of two quotients,
namely, the observed to expected deaths in the
100+ (or 200+)rad group and the observed to
expected deaths in the Orad group where dose is
the simple arithmetic sum of the estimated
kerma from gamma rays and neutrons. The
absolute risk was calculated from a linear
regression of the excess deaths (observed —
expected deaths) in each dose group in the
contingency table using the mean for each
dose group as the independent variable.?

The cumulative death rates for specific sites of
cancer were calculated by the life table method
considering the competing risk of death from
other causes.?

The number of subjects in the eigh't dose
categories together with the mean of the T65DR
are shown in Appendix Table 1, and the person-
years at risk during 1 October 1950 — 31
December 1978 by T65DR group, city, age ATB,
sex, and time period are shown in Appendix
Table 2. The number of observed and expected
deaths for specific cancer sites by T65DR group,
city, age ATB, sex, and time period are also
included in Appendix Tables 3-16.

RESULTS AND DISCUSSION

Changes with time in cancer mortality

One of the main purposes of the present analysis
is to examine the mortality in 1975-78, the 4
years following the previous report on deaths in
1950-74. Table 2 shows the yearly changes in
the absolute risk - excess deaths per million
person-year per rad (PYR) - of cancer of various
sites during 1950-78 divided into seven equal
intervals and the observations were extended
further by city for selected site of cancer (Table
3). The excess in leukemia deaths has continued
to decrease from the peak in 1950-54, and in
1975-78 an increased mortality with dose is
observed only in Hiroshima (Table 3).

Cancers other than leukemia have increased yearly
from about 1960 and, averaged over all periods,
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THIBAR <) RASOBREFZFT, BEAF
%% £ 12 Mantel-Haenszel &% B2 T, SIBEER,
#, i, RUFEE (RCE)2TELT2E R8N E
fTof. BHOH 4 RBRECMIT, BESEAELC
ST Cochran DB HEHMmMA 1 —REBEELT- .
FmEREIEEORIIRTVALOT, 100rad
il (%13 200rad UL L) OBIZHSTEC OB K
MR Ot & Orad BEIZ & 1 AFEC ORREE $AHH
FHEOLLEOLTES. COBGRBEEY  vHBRY
o Ul o0 B ST I T S B HEE kerma MR EL A
Aoz, BdERETEEREEC & 3FECEMN
(BERCH —SiFECsH) LERRFOTFHME
HUTHELTHOARH R DWTERERR &
ETROBTRBLE.?

|EOM M o RERCEL, BoOERIZEIRCO
Ao eZELT, SRt HeTHEHELL.?

BAMMRE A $ & # L £ 0189 T 65 DR HEE
@E (% 1), RUTES DR f ke, i, #HiR
BEEERS, ME, ROUSEREDNC19504E10H 1H & 519784
2ASIHE TOMEANEL (F#2) 2RLA. T4,
BFEOBMEMIL2BERCHRAUVEBFRCHKY
TGEDREEHRE, |, AP FER, £, RU
EEMIIHEI —16IcRL £,

BRRUEER

BRECHOBRHETIL

EEHT O EESEBO DLW TEE L 1950~
TAELIRELIITS~TBED A EMOIEC FE & B T 5
TEThHS. #2102, 1950~T8EE LHODEL IR
12501, EOSHOSOWMEREE 1007 A F
rad (PYR) 42D 0MIECH —OEEMELE
Ml Wi, FE0SHowTEHMoBERR
LRl 22 (%3). AAM&Iz & 3 MNFEC 221950~
SMENE - 7L FREA8HT, 1975~TBF IR
EIRCEBMNBIESTOARLNZIIFELY
(#3).

B 1L 048 12 19605 2 A & 6 HEIEREAIL T H D,



W EI%06  [BAIRIUL S0USPLIUCD %06

RERF TR 12-80

(@91 -L¥0-)LSO 60°0— 891 00°0— S¥0- 0co €00 (LS0-010-)ETO N
(0Tt -TL'1 162 £e0— 08’1 11 91°0— 00— 000 (66'0-0'0 )OL'O H 58I
(LS'E -8T°0 )E6'T 8T0— £ET0—  ¥9°0 Lo 01'0— #1°0- (ZL0v00-)PE0 N
(ISP -69'1 JOr'¢ tE'l £6°0 SL0 80°0 850 90°0— (91°1-05°0 )£8'0 H Jung
OF1 -TT°0-)L9°0 6E0— Sv0 10°0 90°0—  $00— (9Z°0-80°0-)60°0 N
(95°¢ -68'1 )ELT 61°0— 860 950 £0°0 01°0— €10~ (§9°0-9T°0 JSH 0 H uoton
(95°€ €0'T)9T'T 0z'o 1£°0 6£°0 ¥6' 0— 0T0— 90¢ (U 1-ST0-)8¥°0 N
00+ -91°0-)Z6'1 61°1 o'l 9Ll vl £EC0—  £00 (99°1-S€°0 )10°I H Yorwiolg
(bL'8 -SL'O LY §L°0 el'l 90 ¥¥0 §5°0— 6€°T (9E°T-6T°0 MTT N
(p$91-90°'6 )08CTT 8T'9 0Ly £6'F wy 1o SOT (9¢°$-8Z°¢ JTEd H  erwaynaf 1daoxs 190ued [y
(9€°0 -LL'O)ITO0— ET°0— #¥0 0To 6v'C ¥E0 0s'y (6¥'1-SO°'T LTI N
«(PL'T -61°0 )96°0 08°0 oLt ot'l LTl SSE or'y «(PET-16'1 ITTT H ALE US|
BL-SLBT PLTL6T  OL-L96T 99-€961 TH6S6T BSSS6T  $S-0S61  8L-0S61 [®10L A1) 2}18 I20UED)

(LTI QAT "B — (PRl Y OO/ B A4NEHr ) F iy € ¥
YHDNVD H0 ALIS ANV “ALID ‘0OTNHd Ad (MAd (0T/SHLVIA SSHOXT) ASIA ALNTOSAV € ATAVL
(L6T "6ST "BGT "96T "§61 ‘26101 MRV H ORI THE "#y "B Ty

(L6T “6ST ‘8ST ‘9ST ‘SST ‘ZSTODI) sesroued pue ‘wnjoar ‘uofoo ‘yoewos ‘sndeydoss Surpnjoxa sueso aansadi(l,
BE L %06  [BAIAIUL 20UIPYUOD %064

(05°0 -60'0-)1Z°0 1€°0 £0°0— 100~ 620 M2] 001 000 (91°0-50°0 )TT'0 ewopRAw odnn|y
(S1°0 -6L°0-)TE0~ 1570 10°0- 10°0- 80°0 600-  TI0 (ST°0-L0'0-)¥0°0 vutoydwAf Jueudien
(ZL'0 -TO0-)SE0 61°0- 060 070 80°0— 1070~ £0°0- (9T°0-%0°0 )ST0 1en Areurn
(€0'T -88'0-)L00 £0°0 190~ 840 L6°0 61°0— 0L'0 (E¥0-#T°0-)0T°0 snua1f)
(69'C -60'T )68'1 €20~ 0Ll 0L0 ST0— L0°0 1070~ (ZL'0-62°0 )OS0 1searg
(b9'€ -bS'T )6SC £5°0 00 €L0 SE0 0€°0 600~ (98°0-LE0 )19°0 fun
(99°T -¥5'0 )09'T 87T 10°0 £1°0 LL0 670~ P10 (EL'O8T0 )90, Suedio aansaSp 10410
(6£°T -¥T'T )IST 97°0- LLO 0£°0 100 80°0— 60°0— (£7°0-91°0 )0E°0 uojo)
(b1°€ -T1°0 )T9'T 1L°0 P11 07’1 050 070—-  £8°0 FTI-vE0 )6L0 yorwolg
(6770 -TS0-)ZTI'0—  +T0 80°0— LE0 87°0 67°0 £0'0 (0£°0-20°0 )9T°0 sngeydosy
(SETT-6v'9 )LT'6 0L'€ PTE 00°€ 857 600-  8ST (LL'§-6T°T JE0E  ermoynaf 1daoxd 190ud [y
€60 -S0°0-)b0 o £T'T 760 6L'T 07T €Ty #(L8T-LST ITLT BN
8L-SL6T PL-TL6T  OL-L96T  99€96T  T96S6T  8S-SS61  $S-0S6T 8L-0S6T w101 xS 190UBD)

MG T B0 W Tsh — (PRI Y Q00T W DA4U0GET ) BB xgt 23
YIINVD 40 dLIS ANV aOTddd Ad (4Ad 401/SHLVIA SSADXH) MSI¥ ALNTOSAY T TAV.L




the risk of these cancers now exceeds that of
leukemia. The risks of lung, breast, and stomach
cancers, which have shown a definite increase
up to the previous report, have continued to rise
in 1975-78, but additional increase in risk is
not apparent in 1975-78 for esophageal or
urinary tract cancers which have increased
previously. Besides these sites, an elevated risk
of colon cancer has become newly evident, In
the previous report,> “cancer of the lymphatic
and hematopoietic tissue other than leukemia”
(ICD200-203, 208-209) was analysed as one
rubric group and called “malignant lymphoma”
since the majority of the cases (80%) consisted
of malignant lymphoma (ICD200-202). The
number of deaths in this category has increased
by 28 in the period 1975-78, and the 105 deaths
now available (1950-78) were analysed separating
malignant lymphoma (ICD200-202) and multiple
myeloma (ICD203). The numbers of deaths are
84 and 20, respectively (one death in this rubric
was ascribed to polycythemia, ICD208). The
confirmation rate for deaths in these categories
as checked against the leukemia registry is high
(86.1% for malignant lymphoma and 91.7% for
multiple myeloma).

The trend statistic for the increased incidence
with dose is not significant (P=0.29) for
malignant lymphoma during 1950-78, whereas it
is significant (P=0.0006) for multiple myeloma
as shown in the contingency tables (Appendix
Tables 11 and 12). In short, the significant
increase with dose observed for malignant
lymphoma in the previous report is spurious and
stems from the inclusion of multiple myeloma.
Malignant lymphoma itself (ICD200-202) does
not show any relation to dose throughout
1950-78. However, a study based on pathology
data” in the same cohort demonstrated an
increase in malignant lymphoma among the
heavily exposed especially in Hiroshima during
the period up to 1965 ; further extension of this
kind of study is called for.

Increased risk of uterine cancer has not yet been
seen. Further study of leukemia and cancers of
the stomach, lung, breast, and colon, which are
clearly radiation related, reveals a greater excess
in Hiroshima than in Nagasaki in all periods
(Table 3). However, the increase in excess deaths
in Nagasaki has been noteworthy in the last
4 years, 1975-78. The average age in the
Hiroshima cohort is approximately 5 years older
than in Nagasaki (in 1976, the estimated mean
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FIGURE 1| RELATIVE RISK AND 90% CONFIDENCE INTERVALS FOR SPECIFIC SITES
OF CANCER 1950-78, 200+ rad vs 0 rad
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age was 63 in Hiroshima and 58 in Nagasaki).
Under the relative risk model,® the excess deaths/
10° PYR should be proportional to the death
rate for the attained age. Age specific cancer
death rates from all Japan increased by around
1.5-fold as attained age increased 5 years for ages
40 and over. The ratios of excess deaths during
1975-78 vs 1971-74 are 2.0 and 6.3 in Hiroshima
and Nagasaki, respectively, for all cancers except
leukemia (Table 3). Thus, the remarkable
recent increase in excess deaths in Nagasaki as
compared with Hiroshima is not entirely
ascribable to the different age distributions in the
two cities. Given the putative differences between
Hiroshima and Nagasaki in radiation quality,
it is tempting to ascribe this observation to this
difference.

Mortality in the high dose group (200+ rad), in
the entire period, 1950-78, is presented in Figure
1 as a relative risk based on site and the mortality
in the Orad group. As with the absolute risk,
an increase in the relative risk of colon cancer
and multiple myeloma can now be seen, but no
elevation is evident for pancreatic, rectal, or
uterine cancers, or malignant lymphoma.

RELATIVE RISK
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Other studies on the same fixed population
have shown no increase in chronic lymphatic
leukemia,” liver cancer,'® or intracranial tumors !
Thus, the sensitivity to radiation differs according
to the organ. However, since the nisk of cancers
other than leukemia has increased in the exposed
group compared with the controls only after the
exposed individuals reach the age at which cancer
of the site is prone to develop,® and that age
differs according to the organ, an increased risk
for these cancers may be observed in the future.
We have used the magnitude of the relative risk
of cancer of a particular site as a base, and
examined radiation sensitivity by site. As shown
in Figure 1, the 90% confidence limits of the
relative risks of breast, stomach, lung, and colon
cancers overlap each other and the relative risk
of cancers of all sites combined (except leukemia)
is within that confidence limit, so, statistically,
it cannot be said that the relative risk differs
according to target organ. As the risk can be
expected to increase in the future, careful follow-
up will be necessary before any conclusion
regarding differences in the risk of carcinogenesis
by site can be drawn. g

The Dose-response Curve and the Relative Bio-
logical Effectiveness of Neutrons

The number of cancer deaths occurring in the
4-year period following the previous report has
increased approximately 25%. Thus, the relative
importance of the gamma and neutron
components of dose for the induction of leukemia,
and lung, breast, and stomach cancer, and cancer
of all sites except leukemia where a dose-effect
relationship is clear, should be more evident, and
we have estimated these relationships under a
number of different dose-response models. The
details of the methods of calculation and the
results are presented elsewhere.'> The average
annual mortality rate, sex and age adjusted by
T65DR, is shown for cancers of four specific
sites in Figure 2. Cancers of these sites as well as
all sites collectively (data not shown) exhibit
a higher mortality in Hiroshima than in Nagasaki
for the same dose. This has frequently been
attributed to the radiation in Nagasaki being
mostly gamma ray whereas the neutron
component was large in Hiroshima and the
neutron effect may be greater than the gamma
ray effect per unit exposure. Contemporary
radiation biology provides no compelling general
model of the relationship of exposure to the
magnitude of the carcinogenic effect (see Land'?
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FIGURE 2 AVERAGE ANNUAL DEATH RATE (AGE, SEX-ADJUSTED) BY T65 REVISED
KERMA DOSE FOR SPECIFIC SITES OF CANCER, 1950-78
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for a reasoned discussion of this issue). Utility,
rather than an inherent understanding of the
mechanism involved, has generally guided the
choice of models which have been fitted. Clearly,
a number of different models can be invoked,
but the following are mathematically simple and
biologically parsimonious and, therefore, were
used:

HAMEBRNLAETLOERY, BLTEFLOD
ERLEZ->TLIREBREZZRBL TEVILEDL,
FTNEMMELEECLTT- 2. BPLE, Ho-
POETNEERTAEETEZEHN, UTizd~3
ETANNHUEMICMETERFENLIATLEOEY
DL VOTHABRY CHERAL .

Model 1. P=a,(ay)+bDy +cDn
Model 2. P=a,(ay)+bDy2 +cDn
Model 3. P=a,(a,)+ b;Dy+b,D,2 +cDn

where P is cancer mortality, D.lr is the gamma
dose, Dn is the neutron dose, and a 'N),b, and
c are fitted constants. The value of a is presumed
to differ between Hiroshima and Nagasaki.
All parameters were fitted subject to the
restriction that they not be negative. Use of
these models in no way should be interpreted
as an implicit belief in the simplicity of the
biological process involved. These are descriptors
of convenience. All assume that cancer mortality
increases linearly with neutron dose, but for

EL, PREIECE, D, 3#>vHR, Dnid
HEFRR, a g vy DPRFcRETRIHLIEH
Ths., aDHRBEBEERBTRR3LDELZ.
HNIA—G—RINTETCLEVELEDORHFT, ETVD
WEEToA. ChoDETAMEERTA0RRLT
MELTWwWAEMFNABFrBHTHS L £ 8N
MIZELTWS»5T12 %, EEEZ5LAETT
53. TRTOEFLT, SERCEIIHEFREIC



gamma dose the effect may be linear, quadratic,
or both. This accords with experimental radio-
biologic evidence and the generally greater
cellular damage ascribed to neutrons. The
regression coefficients were estimated by a
maximum likelihood method, assuming that
mortality follows a binomial distribution. The
goodness of fit of the models was assessed by the
probabilities of the associated chi-square tests.
The mortality rate (P) was calculated based on
the number of subjects and adjusted for age
and sex.

Table 4 shows the goodness of fit of each cancer
to the above-mentioned three models using
kerma dose. For leukemia the fit is better with
Model 2 (quadratic model), but cancers of all
sites other than leukemia, including lung and
breast cancers fit Model 1 (linear model) or
Model 3 (linear-quadratic model) better than
Model 2 (quadratic model). For stomach cancer,
though the pattern is similar to that of leukemia,
the goodness of fit is virtually the same with each
of the three models. These statements are based,
of course, upon face value inlerpretatioq of the
test probabilities; however, in no instance can
it be said statistically that the dose-response
curve fits one of the models significantly better
than the others.

Accordingly, the RBE function has been estimated
under all of the models: the resultant values are
shown in Table 4. Under the simplest linear
model the RBE is c/b, a constant. It is higher for
leukemia (7), than for stomach, lung, and breast
cancers which show similar values (2-5). Under
Model 2, the RBE becomes /c/b/+/Dn (ie.,
a function of the neutron dose). Only the value
of \/c/b is shown in the table. When the neutron
dose is 100 (or 10) rad, the Model 2 estimate of
RBE is 5.0 (16.1) for leukemia, 3.1 (9.9) for
stomach cancer, 8.3 (26.1) for lung cancer, and
11.6 (36.8) for breast cancer, with some
difference according to site, but the variances of
the estimates are large and statistically there are
no significant differences by site. All attempts to
fit Model 3 resulted in one of the coefficients
associated with gamma exposure being negative,
and thus the “true™ value is presumably zero or
nearly so. In these instances, the upper 95%
limit value of the regression coefficients has been
used to estimate RBE. Since the RBE value
depends on the neutron dose, the RBE at 10 and
100 rad of neutron are shown for convenience in
Table 4. The RBE is closer to Model | than
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TABLE 4 MODEL FITNESS AND RBE ESTIMATION FOR SPECIFIC SITES OF CANCER
#4 WEOBUOHBIMET IETIVOMAERY RBE HEE

Model 1: P = ap (ay) + bDy + ¢cDn; RBE =c/b

/b Coefficients Model fitness
Cancer site (;BE)
bx 10° cX 10° P value
Leukemia 73 @.3) 20 (0.62) 14.7 (3.8) 0.12
All except leukemia 5.1 (4.4) 52 (2.1 26.6 (9.9) 0.36
Stomach 3.0 (7.0) 1.7 (1.2) 5.2(5.7) 092
Lung 22 (4.3) 1.7 (0.89) 3.8(4.1) 0.082
Breast 4.6 (16.9) 0.88 (0.90) 4.0 4.2y 0.31
Model 2: P=ay (an) + bDy? + cDn; RBE =+/c/b /+/Dn
\/cf_b Coefficients Model fitness
(RBE+v/Dn) bx 10° ex 10° P value
Leukemia 50.8 (35.9) 0.0065 (0.0020) 16.8 (3.5) 0.32
All except leukemia 68.5 (71.8) 0.0077 (0.0048) 36.2 (8.6) 0.14
Stomach 31.3 (40.5) 0.0056 (0.0030) 55(.2) 0.98
Lung 82.5 (192.8) 0.0012 (0.0020) 8.4 (3.4) 0.013
Breast 1164 (538.8)_  0.00049 (0.0016) 6.6 (3.4) 0.14
Model 3: P=ay (ay) + by Dy + byDy? + cDn; RBE = [ bt Sos IR
TN ‘ / 5,00 " 2b,Dn 2b,Dn
- Model
RBE Coefficients fitness
Dn=10,Dn=100
b, x 10° by X 10° cx 10°  Pvalue
Leukemia 79 9.5 -032(1.2)  0.0074 (0.0037) 174 (4.1) 0.23
All except leukemia 24 2.2 94 (4.2) —0.0110(0.0095) 23.5(10.1) 040
Stomach 49 24 —19 (2.5)  0.0094 (0.0061) 8.0 (62) 0.99
Lung 1.5 1.4 43 (1.5) —0.0079(0.0034) 2.2 (3.7) 022
Breast 22 2.00 20 (1.4) —0.0032(0.0030) 3.2 (3.8) 0.38
Standard deviation in parentheses  1Ha5 1N | (R 2

Model 2. Since the tissue dose has also been
estimated for these sites, the RBE values based
on tissue dose are shown in Table 5. [t should
be noted that the absorbed tissue doses are based
on the “average man” concept, that is, they use
an attenuation factor which ignores differences
among individuals in size, changes in tissue
density with age, and the like. Thus an
individual’s absorbed tissue dose is merely a
weighted sum, with constant weights for all
individuals, of the gamma and neutron
components of his or her kerma dose. Clearly,

Ew, ZhsoificouizHliER b HEE x2hT
VWANT, HSCHERE (CE-T 0/ RBE L5
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LEASTEANOBRREERZHEIYUIZZ0 kerma 88
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TABLE 5 ESTIMATED RBE FOR DEATHS DUE TO CANCER
COMPARISON OF KERMA AND ORGAN DOSE
#5 MIECOHEE RBE {f — Kerma # 4t ©
WEME s O

Model 1 : ¢/b (RBE)

Model 2 :/c/b (RBE +/Dn)

Cancer site

Kerma Organ Kerma Organ

Leukemia 7.3 14.7 50.8 54.6
(4.3) (8.6) (359 (38.2)

Stomach 3.0 74 313 335
(7.0} (184) (40.5) (45.2)

Lung 22 4.7 825 922
4.3) 9.7) (192.8) (223.0)

Breast 4.6 6.5 116.4 126.5
(16.9) (24.6) (538.8) (592.0)

Standard deviation in parentheses ZIALESEE

under these circumstances the two analyses,
based on absorbed and kerma doses, are-inter-
dependent. Under Model 1, the values derived
for leukemia, and stomach and lung cancers are
approximately twofold greater than those
obtained using kerma dose, but for breast cancer
the attenuation is less, of course. Under Model
2, there is hardly any difference in the RBE
function whether tissue dose or kerma is used.

Because neither theory nor experimental
evidence provides a persuasive dose-response
model for radiation-related carcinogenesis in
man, we must use models based either upon their
simplicity or their apparent ‘“‘reasonableness’.
Even for leukemia where the dose-response curve
should be most clear, neither the data presented
here, restricted to mortality, nor the data based
upon the leukemia registry, which combines
mortality and morbidity, are sufficient to
distinguish statistically between a curvilinear and
a linear relationship to gamma radiation."* A
study using the Nagasaki Tumor Registry data of
the estimated values derived for all A-bomb,
survivors resident in Nagasaki City in 1950
without limiting the cases to the RERF fixed
population, has shown that the leukemia
incidence approaches a linear model in Nagasaki.
Although the appropriate base population is
difficult to estimate, this warns against the too
ready acceptance of a nonlinear dose-effect
theory.?
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The number of deaths due to cancers other than
leukemia has increased markedly with the aging
of the cohort, but it has not yet been possible to
determine whether the dose-effect response fits
Model 1 (L-L) or Model 2 (Q-L) better for
cancers of the lung, breast, or stomach where the

dose-effect relationship appears the most clear..

To determine the form of the dose response, a
reanalysis will be needed after a greater number
of deaths have accumulated. Breast cancer has
a low fatality rate; it is better, therefore, to
estimate the dose-response curve from morbidity
rather than mortality data. Land'? reported that
the dose-response curve for breast cancer gives
the best fit for a linear-quadratic model for
gamma rays and that the estimated RBE is close
to one based on incidence data on the same
cohort 1950-74." The present report which is
based on mortality, but extends the study period
4 years (1975-78) suggests the RBE is higher
than one, though the estimated variance is large.
Recent analysis on cancer incidence 1959-78 in
the Nagasaki cohort'® revealed that the dose-
response curve for breast cancer fits a linear
model better than a quadratic one.

Estimation of RBE on the basis of mortality data
should suffice for lung and stomach cancers
where fatality rates are high. The recent analysis
of the Tumor Registry'® data revealed that the
dose-response curves for both stomach and lung
cancers fit a linear or linear-quadratic model
better than a pure quadratic model, though
statistically one cannot distinguish among these
three models for gamma rays. Nevertheless,
it could not be demonstrated statistically that
RBE differed by site, presumably because the
variances are so large.

Temporal Distribution of Time from A-bomb to
Cancer Death and the Effect of Age ATB

The period from exposure to A-bomb radiation
to death from cancer can be regarded as the
latent period for radiation-induced cancers
although not for other cancers, assuming that
survival from onset to death is generally uniform
between the comparison groups. Land and
Norman!” have studied the relationship between
the latent period, so defined, and dose based on
the leukemia registry data and mortality data for
1950-74. They report that, although the
radiation-induced leukemia apparently occurred
sooner after the bomb than other leukemias,
this difference was not seen for lung or breast
cancers. Based on the more recent mortality
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FIGURE 3 CUMULATIVE PERCENTAGE OF LATENT PERIOD FOR SPECIFIC SITES
OF CANCER BY RADIATION DOSE
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data, a study was made of cancers of all sites
where a dose effect is clear, The distributions of
the period until death for cancer deaths are
shown as cumulative percentage in Figure 3 for
the 100+rad group and the Orad group. The
latent period in leukemia is shortened and it
depends on dose,'® and therefore as the
proportion of radiation-induced leukemia
increased, the average period between exposure
and death shortened, but this is not observed for
stomach, breast, or lung cancers. Although not
shown in this figure, the latent period was not
shortened for other solid tumors such as
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FIGURE 4 CUMULATIVE DEATH RATE PER 1,000 FOR LUNG CANCER BY AGE ATB, 1950-78
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esophageal or colon cancers, collectively or by
age ATB.

The cumulative mortality rates by year estimated
by the life table method and considering
competing risks for lung cancer are shown in
Figure 4 by age ATB for the high dose group
(100+rad) and the 0-9 rad group. The time at
which lung cancer mortality increases apparently
differs in the high dose group according to age
ATB: radiation-induced lung cancer develops
only after the A-bomb survivors attain the age
at which this cancer normally develops. This
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generally occurs at 40 or more years of age, and
thus the period from A-bomb exposure to death
(latent period) islonger the younger the age ATB.
The same tendency is noted with breast and
stomach cancers.

The pattern of the latent period for malignant
tumors induced by radiation differs for leukemia
and malignant neoplasms other than leukemia.
The reasons cannot be readily explained but if
an attempt is made to use the two-step
mutational theory of carcinogenesis or the
theory that two factors, initiator and promoter,
are generally necessary in the occurrence of
cancer, it might be as follows:

In leukemia, the first and the second
mutational steps necessary for radiation to
cause transformation in cells may occur
simultaneously or very nearly so, or in pre-
conditioned individuals, i.e., those who have
already undergone the first mutational step
prior to exposure may be more numerous
normally in human populations. Therefore,
leukemia develops earlier the greater the
exposure dose, irrespective of age ATB.
The evidence for this may be conjectural, but
is not necessarily unpersuasive. We recognize
a large number of cancer-prone inherited
immunodeficiency diseases, and for some of
these at least, there is evidence of an increased
radiation sensitivity. While this evidence
involves an apparent inability to repair
radiation-induced DNA damage, it is tempting
to speculate that this inability may ultimately
culminate in an increased risk of leukemia, for
the latter is the most conspicuous malignancy
among those common to individuals
homozygous for immunodeficiency diseases.'”

For lung cancer, however, probably only the
first mutational step is the result of exposure
to radiation and the second and possibly other
steps occur only when some other factor acts
as a promoter. Cell transformation and
proliferation then occur and the cancer
develops. In this case, the time when the
promoter acts to initiate the second step may
be unrelated to the radiation dose, the initiator
of the process. Hence, the latent period is
unrelated to radiation dose and the cancer
develops only when the age at which it is
normally prone to develop is attained. Thus,
the two different latency patterns can be
explained by a two- (multi-) step mutational

17
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theory, i.e., an initiator and a promoter are
generally necessary in the induction of cancer,
but with this alone the different incubation
patterns for chronic and acute leukemia
cannot be explained.!” The changes in
the immune response of irradiated cells have
to be considered also, and in this sense the
two-step hypothesis is open to the charge of
overly simplifying the mechanism of radiation
carcinogenesis, but it can be considered to be
a valid working hypothesis to explain the
differences in the patterns of latency.

Insofar as breast cancer is concerned, data
other than those on A-bomb survivors have
been reported recently from a study of this
malignancy developing after X-ray therapy
for postpartum mastitis?>*' and from a study
of the induction of breasl cancer in tubercu-
losis patients following fluoroscopy of the
chest.?®#  As with A-bomb survivors, no
shortening of the latent period due toradiation
dose was evident in either instance.

iR RERFFLETHSE
VART T SOEZSEKBEMOBMEITES
A, ZhoisvigEonm: atamBAO
HEEMOROBBEIFINATE Z.Y KHR
AR AMENREREOELLEEL 2 (T
B26%v. COSTREIIMT S 2BERERE
RMBILLIIREOBFLAE CMBALT
witoBEBIo ALY, HRONHER
ABMEBT A3 HEDERBTELILEEZLNS.

MR- Tz E, ERERE MY sEn
PIskod e LT, st o fURsicr LT X
B AR AR RBELAAMOBME"Y &,
M E O ERC 5K EO WA »
A ENTOS, FEBBBEOME L,
choMlE I RsEsRCEZHKBEMO
gigomRiRbshadho .

TABLE 6 RELATIVE RISK FOR ALL CANCERS EXCEPT LEUKEMIA BY AGE
* ATB, 100+ rad vs 0 rad, 1950-78

#6 MMt csECoE0MMMEEE, RBFTESER,
100rad V1 E# 0 rad, 1950—78%
Age at death
Age ATB

<30 30-39 4049 50-59 60-69 70+

<10 15.1 5.0 6.8 - - -
10-19 1.0 25 24 8.2 - -
20-34 - 1.8 1.9 2.0 1.6 -
3549 - - 1.2 1.1 1.3 14
50+ - - - 2.2 1.0 1.4

Because radiation-induced cancer begins to
appear after the age is attained at which the
cancer is normally prone to develop, it is necessary
to investigate the effect of age ATB on the
estimation of the risk of radiation-induced
cancers either adjusted or specific for age at
death. The relative and absolute risks of all
cancers other than leukemia are shown by age
ATB in Figure 5, using the data of the present
study (age at death has not been considered).
The relative risk is high in individuals of younger
age ATB, although the absolute risk is higher
with older age ATB as would be expected. For
ape-at-death specific groups the relative risk for
all cancers except leukemia (Table 6) is higher
the younger the age ATB. At the same age at
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FIGURE 5 ABSOLUTE RISK AND RELATIVE RISK FOR ALL CANCERS EXCEPT LEUKEMIA BY AGE ATB

W

8]
ABSOLUTE RISK
(EXCESS DEATHS/MILLION PYR)

H5 ARSUNAOLBOBREHOESEEM R UHMHNEERE, BB ERN

201
= L
<
g 16t ABSOLUTE RISK
a
= g
1 od
& T2t
o
L
5 L
2}
T gt
w
>
= s
rg
o 4t
1

RELATIVE RISK

=]

o - 4 ! { 1 |g

o 10 20 30 a0 50

AGE AT TIME OF BOMB

death, the absolute risk is, like the relative risk,
higher the younger the age ATB as shown in
Table 7, for all cancers other than leukemia and
lung, breast, and stomach cancers. The tendency
is similar or becomes much clearer if the value
of the highest age ATB in each of the attained
age classes (Table 7) is excluded, (i.e., assuming
a minimum incubation period of 15 years).
Thus, the higher absolute rsk of radiation-
induced cancers with advancing age ATB (Figure
5) may be a deceptive phenomenon which has
occurred because radiation-induced cancers have
not increased appreciably in those who were
young ATB and have not yet reached the ages
at which these cancers develop.

As yet no excess deaths from breast cancer have
been observed for ages 3549 ATB. This is
consistent with results of the previous incidence
study 1950-74'° in which no radiation effect
was observed for women aged 4049 ATB. The
excess deaths for the same age ATB cohort
for all cancers except leukemia increased with
attained ages. A similar tendency is observed,
in general, for cancers of the lung, stomach, and
breast (except for ages 35-49 ATB). Thus,
though in the recent BEIR report® two different
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TABLE 7 ABSOLUTE RISK BY AGE ATB (EXCESS DEATHS/10° PYR, 1950-78)
£7 BAGERE (MMM K100 AFE rad, 1950—78%F) , #BEFFRT

Age at death
Age ATB
<30 30-39 4049 50-59 6069 70+
All cancer except leukemia
<10 1.22 4.35 1341 - = =
10-19 (0.03)* 1.72 462 20.69 = -
20-34 - (1.35) 1.01 797 10.25 =
3549 - - (0.26) -0.96 2.09 12.67
50+ - - - (17.39) (0.53) 18.31
Stomach cancer
<10 0.18 0.40 13.84 = <
10-19 (-0.11) 0.57 047 5.05 = -
20-34 - (0.10) 1.31 2.06 1.97 -
3549 - - (1.61) -1.20 —0.08 6.15
50+ - - - (5.06) (-1.39) 8.82
Breast cancer
<10 B -0.02 - s % »
10-19 - 0.80 1.16 - - -
20-34 - (0.17) -0.18 2.27 4.79 -
3549 E - (—0.66) -0.08 -0.10 —0.34
50+ - - - (4.66) (-0.17) 0.38
Lung cancer
<10 - -0.01 —045 - - -
10-19 - -0.02 096 7.48 - e
20-34 - - -0.23 1.73 3.34 -
3549 - - (—0.14) 0.59 1.19 4.72
50+ - - (-0.13) (1.84) 0.29

*Value of the highest age ATB of attained age class (see test).
FRFPORSBHERIBLEVCROM (FXx28E)

models (relative risk and absolute risk
models) have been used for projection of risk
beyond the period of observation, the present
data support the relative risk model projection
more strongly. The excess deaths from cancers
other than leukemia increase with age at death
for the same age cohort in proportion to the
age-specific death rate from cancers in the
population of all Japan and do not show a
constant excess value by age at death for the
same age cohort. Thus, the effect of age ATB
and the attained age has to be considered in
estimating the risk of induction of cancer by
radiation in man and it is difficult at present to
estimate accurately the magnitude of the risk
during one's lifetime from the magnitude of
the risk observed in A-bomb survivors. Survivors
exposed at younger ages are only now beginning
to attain cancer ages and their cancer experiences
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FIGURE 6 RADIATION AND OTHER CARCINOGENS
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will have to be followed for some time into the
future.

Relationship Between Radiation and Other
Carcinogenic Factors

A-bomb survivors have been exposed not only to
radiation but also to other carcinogenic factors.
It is essential, therefore, to ascertain whether
the effect of radiation interacts with those of
other carcinogenic factors, such as smoking.
Such investigations may clarify the mechanism of
radiation carcinogenesis. Data concerning factors
other than radiation have been collected on
this fixed population through census, mail
survey, and interview since 1960. A prospective
analysis has been made using these data. The
relationships of radiation to smoking for lung
cancer and of radiation and main occupation of
household head (a sociceconomic index) for
breast cancer are shown in Figure 6.

The age-adjusted lung cancer mortality is higher
among heavy smokers than light or nonsmokers
in both the 100+rad group and the 0-9 rad group.
Moreover, though there are few cases and the
finding is not statistically significant, mortality
in the 100+ rad group is increased about the same
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as that in the 0-9rad group in heavy and light
smokers. In breast cancer also, mortality is
higher with higher socioeconomic status in both
the 100+rad group and the 0-9rad group, and
within each of.the three socioeconomic classes,
mortality in the 100+rad group is increased
about the same as in the 0-9rad group. In other
words, it seems that there is no interaction
between radiation and these other factors (i.e.,
they act additively).

In the present analysis it was not possible to
establish statistically the presence or absence of
an interaction because the follow-up period has
been short and the number of deaths small.
A study will have to be made in the future when
the years of follow-up have increased substantially.

Estimation of the Excess Deaths from Cancer
Among A-bomb Survivors

It is important to place the risks cited in a larger
public health perspective and to express the
impact of radiation-related malignancies in
relation to mortality in the general population.
This assessment of excess deaths from cancer
has been made, first, for the ?9,85'6 A-bomb
survivors who are the subjects of the present
analysis and second, for all A-bomb survivors.
Clearly, in both instances, the impact, at least
in absolute terms, depends upon the population
at risk, their exposure dose and years at risk, and
the excess deaths per person-year per rad at risk.
The average exposure dose among the subjects
of this report is 27.2 rad, and the average number
of years at risk is 24.27. Thus, the population
at risk is 52.7 million PYR (79856 x 27.2x 24.27).
In Table 2, the excess deaths from cancer per
million PYR are shown for individual sites of
cancer assuming a simple linear dose-response
relationship. The excess number of deaths from
cancer is merely the population at risk multiplied
by the excess deaths from cancer per million
PYR; this excess for individual sites of cancer
is shown in Table 8, The excess cancer deaths
are also given in terms of their proportion of all
causes of death and of deaths from individual
sites of cancer.

The 90.6 excess deaths from leukemia account
for 50.6% of all leukemia deaths in this cohort.
For all cancers except leukemia, as a contrast,
only 3.5% of the 4,575 such deaths in this cohort
are attributable to A-bomb radiation. This
proportion, however, varies by site; from 29.0%
for multiple myeloma to 2.4% for cancer of the
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TABLE 8 ESTIMATED NUMBER OF EXCESS CANCER DEATHS AND PROPORTION TO ALL CAUSES AND SPECIFIC SITES
OF CANCER, 1950-78, EXPOSED, LSS EXTENDED SAMPLE

#8 WoOMNECHOHEERE FOREERRLPHESGOBMIECIIHT 28146, 1950—78F, FadHElAd REhouRg

Excess Deaths
(90% confidence interval)

PO .
Upper: % to all causes Deaths

x Lower: % to specific causes
Cancer site

£C

Cities combined Hiroshima Nagasaki H+N H N H+N H N
Leukemia 90.6 66.36 27.31 39 .36 .54 180 141 39
(82.7- 98.5) (59.78- 73.24) (22.58-32.04) 50.3 47.1 70.0
All cancer 159.7 135.22 27.31 .68 .73 .54 4576 3659 917
except leukemia (120.7-198.7) (102.66-167.77) (4.09-50.74) 35 3.7 3.0
Esophagus 8.4 10.64 -2.15 .04 .06 —.04 156 126 30
(1.1- 15.8) (4.38- 16.90) (—6.45- 2.15) 5.4 8.4 =72
Stomach 41.6 31.61 10.32 . 18 A7 21 1754 1443 311
(17.9- 65.3) (10.96- 51.96) (-3.23-24.08) " 2.4 22 3.3
Colon 15.8 14.09 1.94 .07 .08 .04 157 133 24
(8.4- 22.7) (8.14- 20.35) (—1.72- 5.59) 10.1 10.6 8.1
Other digestive 24.2 20.03 4.52 .10 A1 09 595 444 151
(9.5- 38.5) (8.76- 31.61) (—5.16-13.98) 4.1 4.5 3.0
Lung 32.1 25.98 7.31 .14 .14 .15 459 353 106
(19.5- 45.3) (15.65- 36.31) (—-86-15.48) 7.0 7.4 6.9
Breast (Female) 15.4 12.88 2.83 13 .14 212 128 100 28
(8.9- 22.2) (7.36- 18.22) (—1.23- 7.01) 12.0 12.9 10.1
Urinary tract 7.9 4.70 2.80 .03 03 06 104 90 14
(2.1- 13.7) (-.31- 9.70) (—.22- 5.81) 7.6 5.2 20.0
Multiple myeloma 5.8 2.82 2.80 .02 02 .06 20 12 8
(2.6- 84) (1.25- 4.70) (.65- 4.95) 29.0 23.5 35.0
e E Mean dose L No. subjects Population at risk (106 PYR)
all causes person-years
H+N 23502 (11740)* ] 24.27 79856 (46630)* 52.7 % 108 (30.8 x 10%)*
H 18471 (9315)* 21.3 24.27 60482 (35607)* 31.3 x 10% (18.4 x 10%)*
N 5031 ( 2425)* 45.8 24.27 19374 (11023)* 21.5 x 10% (12.3 x 10%)*

*For female %%

08-T1 Y1 49HY



RERF TR 12-80

TABLE 9 ESTIMATED NUMBER OF EXCESS CANCER DEATHS, 1950-78, AMONG
A TOTAL 283,498 A-BOMB SURVIVORS, ALL JAPAN IN 1950

#9 190F0:EHEREEH283,48BAhOEOMMEC KOHEESR, 1950—T8%F
. Excess deaths Upper: % to all causes 4
Einie$ire (90% confidence interval) ~ Lower: % to specific causes Tgtimmterl douths
Leukemia 190.6 (174.0-207.2) 0.28 ( 0.26- 0.31) 387
49.3 (45.0 -53.5 )
All cancer 335.7 (253.7-417.7) 0.50 ( 0.37- 0.62) 10421

except leukemia

32 (24 -40)

Note: Estimated deaths from all causes:

67660

Mean dose

Average person-years

Population at risk

Subjects “06 PYR)

H+N 16.1 rad 24.27

283,498 110.8x 10°

stomach. In addition, 0.39% and 0.68% of the
23499 deaths from all causes in this cohort
are attributable to A-bomb radiation for
leukemia and all cancers except leukemia,
respectively. These estimates are all based on the
assumption of a linear increase with dose. The
estimated number of excess deaths under the
linear-quadratic model differ slightly; 62.2 and
208.5 for leukemia and cancers other than
leukemia (corresponding to 34.7% and 4.6%
deaths in the cohort, respectively).

The exposed subjects described here are A-bomb
survivors who lived either in Hiroshima or
Nagasaki cities at the time of the National Census
in 1950 which enumerated a total of 383,500
A-bomb survivors throughout Japan. It is of
interest therefore to estimate the excess deaths
from cancer among all A-bomb survivors. A
mean exposure for the latter can be obtained if
it is assumed that the T65DR by exposure
distance for the A-bomb survivors residing in
Hiroshima and Nagasaki cities in 1950, and the
distribution by exposure distance of the A-bomb
survivors residing elsewhere in Japan in that
year do not differ. The mean dose of all survivors
based on this assumption is 16.1 rad. If the
mortality experience of nonresident survivors in
the years since 1950 has been the same as that
for residents, then the population at risk is
110.8 million PYR for the 283,498 A-bomb
survivors. Given these assumptions, the estimated
number of excess deaths is 190.6 for leukemia
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and 335.7 for all cancers except leukemia, as®
shown in Table 9. The number of deaths among
all survivors was estimated using age, sex-specific
death rates for 1950, 1965, and 1975 for all
Japan and the 1965 life table. The number of
deaths thus estimated is 67,660 for all causes,
387 for leukemia, and 10,421 for all cancers
except leukemia. The 190.6 excess deaths from
leukemia correspond to 0.28% of the total
67,660 deaths, and the 335.7 excess deaths from
all cancers except leukemia correspond to 0.50%.

The excess number of cancer deaths thus far
estimated is the one expenenced during 1950-78
among A-bomb survivors, and not for their
whole lives. In the estimation of excess deaths
over the whole lifetime of the survivors, a
number of assumptions are required which
demand detailed justification. We shall develop
these arguments elesewhere.
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APPENDIX TABLES
it #

1. NUMBER OF SUBJECTS AND MEAN T65DR ESTIMATES, LSS EXTENDED SAMPLE, BY CITY AND TYPE OF RADIATION
Lo M a3 e ad B8 MR UV T 65 DR HE st vh e UROH o) SR AR B

T65DR in rad

Class - = L
Total 0 1-9 1049 5099 100-199 200-299  300-399 400+*% 100+* 10+*  Unknown
Total
Subjects 82242 31581 23073 14942 4225 3128 3 1381 639 887 6035 25202 2386
Mean dose Total 0 34 21.8 70.6 142.4 243.6 345.3 5264 243.5 83.1 -
Gamma 0 2.9 18.5 61.4 124.6 214.4 289.4 438.8 208.8 F1.3 -
Neutron 0 0.5 *3 9.2 17.8 29.2 55.9 876 34.7 11.8 -
Hiroshima
Subjects 61911 27577 15933 10911 2783 1740 659 369 510 3278 16972 1429
Mean dose Total 0 3.3 22.0 70.3 138.9 243.6 346.4 524.4 2433 72.8 -
Gamma 0 2.6 17.5 56.6 108.4 186.4 254.0 380.3 182.8 5§59 -
Neutron 0 0.7 4.5 13.7 30.5 57.2 924 144.1 60.5 16.9 -
Nagasaki
Subjects 20331 4004 7140 4031 1442 1388 722 270 377 2757 8230 957
Mean dose Total 0 36 21.2 71.2 146.9 2437 343.7 529.2 2438 104.6 -
Gamma 0 3.6 21.2 70.7 145.0 239.9 337.7 518.0 239.7 103.1 -
Neutron 0 0.0 0.0 0.5 1.9 3.8 6.0 11.2 4.1 1.5 -

*Dose estimates in excess of 600 rad have been reduced to 600 (Hiroshima, 428 gamma rad, 172 neutron rad; Nagasaki, 587 gamma rad, 13 neutron rad).
B00rad VI o d M E600rad 120 2, (LB & > viitd28rad, PIE BB 172rad, Ed: & v B E8Trad, M FME 1S rad )
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2. NUMBER OF PERSON-YEARS, LS8 EXTENDED SAMPLE BY T65DR, CITY, SEX, AGE ATB, AND TIME PERIOD, 1950-78
2, WAHFGHEEMROAFEY, TEDR #EHE, 7, I, WBEFEE R UEET], 1950—78F

T65DR in rad

Class —_ —
Total NIC 0 1-9 1049 50-99 100-199 200-299 300-399 400+ Unknown

Total 2622.0 626.9 T64.4 561.2 361.8 102.8 76.6 34.4 15.7 211 57.0
(1563.0) (368.3) (461.2) (329.0) (224.5) (63.3) (44.3) (19.9) (9.4) (11.6) (31.6)

Hiroshima 1962.0 468.3 665.2 385.8 263.6 66.7 41.4 16.1 8.9 12.2 33.8
(1184.6) (279.4) (405.5) (224.2) (165.9) (43.1) (24.5) (9.4) (5.6) (6.8) (20.1)

Nagasaki 660.1 158.7 99.2 175.4 98.2 36.2 35.1 18.4 6.8 9.0 232
(378.5) (88.9) (55.6) (104.8) (58.6) (20.2) (19.8) (10.5) (3.8) 4.7 (11.5)

Age ATB 0-9 568.2 135.3 168.3 128.1 86.2 20.2 11.1 Ay 2:3 3.5 7.6
(289.6) (69.0) (85.4) (65.9) (43.2) (10.3) (5.9) (2.8) (1.2) (1.8) (4.1)

10-19 646.3 157.2 177.1 142.0 76.0 244 253 11.7 5.1 6.4 21.3
(365.8) (87.8) (101.7) (73.1) (45.7) (15.1) (15.2) (7.2) (3.2) (3.1) (13.9)

20-34 585.1 147.7 166.3 120.5 77.0 24.1 § B 8.2 4.2 54 14.1
(423.6) (104.4) (121.9) (88.3) (58.8) (18.0) (11.8) (5.1) (2.8) (3.9) (8.7)

3549 583.7 137.1 176.1 118.6 86.0 23.8 172 6.7 3.1 4.6 10.4

(349.7) (79.1) (108.0) (72.3) (55.7) (14.2) (8.9) (3.8) (1.8) (2.3) (3.6)

50+ 238.8 49.7 76.6 520 36.6 10.3 5.6 2.3 1.0 1.3 3.5

(134.3) (27.9) (44.2) (29.4) (21.2) (5.7) (2.5) (1.1) (0.5) (0.4) (1.3)

Time Period* 50-54 4195 76.5 131.5 96.3 62.4 17.7 13.1 5.8 2.7 3.7 9.7
(242.0) (41.5) (77.4) (55.2) (37.9) (10.7) (7.3) (3.3) (1.6) (1.9) (5.2)

55-58 411.9 102.2 118.7 87.1 56.4 16.1 11.8 53 2.4 3.3 8.6

(242.2) (59.7) (70.5) (50.3) (34.5) 9.7) 6.7 (3.0) (1.4) (1.7) (4.7)

59-62 394.6 98.2 113.5 83.3 53.8 15.4 11.4 5.1 2.3 3.2 8.3
(233.8) (57.7) (68.0) (48.5) (33.2) 9.4) (6.5) 2.9 1.4) (1.7 (4.6)

63-66 377.0 94.2 108.5 79.4 513 14.6 10.9 49 272 3.0 8.0
(225.3) (55.7) (65.6) (46.6) (31.9) (9.0) (6.3) (2.8) (1.3) (1.7) (4.5)

67-70 358.8 899 103.2 75.5 48.7 13.8 10.4 4.7 201 2.9 7.8
(216.4) (53.5) (63.0) (44.8) (30.5) (8.6) (6.1) (2.7) (1.3) (1.6) 4.4)

71-74 3398 85.2 97.5 71.7 46.0 13.0 9.8 4.4 2.0 2.7 7.4
(206.8) (51.2) {60.0) (42.9) (29.0) (8.2) (5.8) (2.6) (1.2) (1.5) (4.3)

75-78 320.5 80.8 91.5 67.9 43.2 12.2 9.3 4.1 1.9 2.5 7.1

(196.6) (49.0) (56.8) (40.8) (27.5) (7o) (5.6) (2.5) (1.2) (1.4) (4.1)

*Full calendar years except that 1950-54 indicates 1 October 1950 — 31 December 1954.

FHGEECEE. L20, 1950—54F 219508 10H | B » 6 1954E12H31H £ T,

( )For female. &30z 4 #

In thousands. 4 fi L000.
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3. OBSERVED AND EXPECTED DEATHS FROM LEUKEMIA, BY T65DR, CITY, AGE ATB, AND TIME PERIOD
3. FLH o BEEE B UM FEL #, TESDRHEE AL, o, BHRIE AE R A O HR

T65DR in rad Test P
Class

Total 0 19 1049 5099 100-199 200-299 300-399 400+ Homog. Trend
o g::. o ;g.l g‘:.s gg.s lqlt.s 12.9 ]g.o li.-t 2;.0 0000000000
Hrosme g:;. 141 g.s ;:5 22.3 s ?.5 b lf.z QR800:,9.0000
e g::‘ = ;.3 :2.0 :.2 g.o ;‘7 :‘4 (l).s 3.1 0:0000,;0.0000
MM B 108 95 64 U5 09 o5 02 03 00000 00000
o g:; ¥ 126 98751 Is 16 07 03 04 00000 00000
0 g::. ¥ 12‘5 13.7 2.8 ;3».0 st.4 :J.? {5)_3 3,5 0.0000 0.0000
B B 1 iS4 110 32 24 09 o4 0 00000 0.0000
" CE):;- & ;.1 2.1 :.3 1;.2 :‘7 t21.3 3.1 i‘z %:0000 00000
Time Period 50-54 g:;.‘ AT T S SR S T T
o (E)::. uba s S8 BF M8 |6 Ukgpuitgss 8000000000
e g::. P edi wo 4 B T n Ui 00 015600
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4. OBSERVED AND EXPECTED DEATHS FROM ALL CANCERS EXCEPT LEUKEMIA,
BY CITY, SEX, AGE ATB, AND TIME PERIOD

4. AMBLSOL BUOBAHOBRER CISECH, W, 1, HBIEEMR U EE
T65DR in rad Test P
Class

Total 0 19 1049 5099 "{';: 22‘;‘9 3‘;09; 400+ Homog. Trend
L Bx 18478 12127 8116 241 173 125 334 46 %0000 00000
1 B % 16534, 5434 GmD 181D 1132, 9 193, sas OO S0000
] g:; = 121.4 Sos mir Bl el B ::1 igv REAH0: G.0268
e B | 816 6466 4173 106 1035 403 183 284 90160 00001
i T Ui Gi1isy ins i 3 i3 15 O000100000
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5. OBSERVED AND EXPECTED DEATHS FROM STOMACH CANCER, BY T65DR, CITY, SEX,
AGE ATB, AND TIME PERIOD

5. WM OMER I, TESDRAEEME, i, #E, PREE T8 & CERN

T65DR in rad Test P

Class
Tol 0 19 1049 5099 ‘00 290 300 400+ Homog Trend
Total Obs, 75411 ‘708 2= 473 15 FAGL BN 1 64 3R TETONRY. s B

Exp. 7180 4843 3318 962 67.0 267 122 17.6
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6. OBSERVED AND EXPECTED DEATHS FROM LUNG CANCER, BY T65DR, CITY,
SEX, AGE ATB, AND TIME PERIOD

6. Wb B K USERFFEC #, TESDRHUEEARE, T, 1, Bl o el

T65DR in rad Test P
Class

Total 0 19 1049 5099 “1}2; 223'9 3';‘;; 400+ Homog. Trend
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7. OBSERVED AND EXPECTED DEATHS FROM BREAST CANCER, BY T65DR, CITY, AGE ATB,
AND TIME PERIOD (FEMALE)

7. A@|OMBERCMFHECH, TESDREERR, i, 1, FREEER &L CEEN (LH).

T65DR in rad Test P
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8. OBSERVED AND EXPECTED DEATHS FROM ESOPHAGUS CANCER, BY T65DR, CITY, AND TIME PERIOD
8. AAEORERUMFECH, THEDREEZSE, Wik CEET

T65DR in rad Test P
Class
Total 0 1-9 1049 5099 100-199 200-299 300-399 400+ Homog. Trend
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9. OBSERVED AND EXPECTED DEATHS FROM COLON CANCER, BY T65DR, CITY, AND TIME PERIOD
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9 Continued # 3
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T65 DR in rad Test P
Class

Total 0 19 1049 5099 100-199 200299 300-399 400+ Homog. Trend

Time Period 6366 Obs. 25 i1 4 6 1 2 0 0 1
Exp. 110 64 49 13 08 03 01 o2 04516 0.0781

6770 Obs. 24 11 6 2 1 © 2 0 2
Exp. 96 67 47 13 09 0.4 0.3 - 0 O0U0& 0:0004

7174 Obs. 37 11 13 9 3 1 0 0 0
EXp. 148 106 7. 20 14 0.6 0, 3 20 BiIko

7878 Obe. 140 160 9iu @ MUl A3 3 1 3
Exp. 164 111 74 22 16 0.6 03 . 04, 30908 00000

10. OBSERVED AND EXPECTED DEATHS FROM URINARY TRACT CANCER,
BY T65DR, CITY, AND TIME PERIOD

10, PR X O BLYE M U MR FEC B, T 65 DR HEvi BRdd, i R ORI

T65DR in rad Test P

Class
Total 0 19 1049 50-99 100-199 200299 300-399 400+ Homog. Trend
foud g:;'. . ig.a gg.s 12.4 ;.6 .:..a s g.? i.o GHE V8100
TR e | 44 33 166 45 3% 10 o5 iop D9S8 ese
Nesas g:;. B #9799 1a . 05 02 ey 8240 0oTs
Rt T men T ag e SuEY o3 0% o5 05 o o v
i g:;'. d g.a g.z {.6 3.4 cl}.s g.x g.o g.l UBak7 05267
i g:;'. M i, 3956 wbE | 0Sie Bee DY Oep: 7516006
T e BB 65 45 3 o0t G3n  6F gy 0137 tsm
T g::. ¥ Sk 3E..25 (g% noms a5 on minn 000 Tomos
e 98, 89044 (% 0%, B3 Of aing 0e20 Ui
B e . %al 4% 058 .09 a7 92 04 adon Dmev00sss
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11. OBSERVED AND EXPECTED DEATHS FROM MULTIPLE MYELOMA, BY T65DR, CITY, AND TIME PERIOD
1. 2R o WE R CHFECH, TSDREEMAR, HRUFER

T6SDR in rad Test P
Class
Total 0 19 1049 5099 100-199 200-299 300-399 400+ Homog. Trend
Total Obss 20 7 5 2 2 0 2 0 2
Exp. 82 S0 39 12 09 04 02 o2 90031 0.0006
Hiroshima Obs 12 5 4 1 0 0 1 0 1
Eip. 59 27 22 06 03 0.1 gt sogqs 00132 90040
Nagasaki bt "8 3" 1 i 0 1 0 1
Exp. 23 24 16 06 | 05+ 03 G1. e SNt DI
Time Period 50-54 Obs. 1 0 0 1 0 0 0 0 0
Exp. 05 02 02 01 00 00 o5 oo~ T2-0AY
5558 Obs. 0
Exp.
5962 Obs. 3 0 1 1 0 0 0 0 |
Exp. 09 10 07 02 01 01 o4 oo 9000300002
6366 Obs. 1 0 1 0 0 0 0 0 0
Exp. 05 02 02 00 00 00 60 pp 209805357
6770 Obt 4 2 1 o 1 0 0 0 0
Exp: 18 09 07 02 02 01 85 o3 O83NG60
7174 Obs. 3 2 O 0 0 0 0 0 i
Exp. 13707 05 02 01 01 00 on 9003 G00R
7578 Obs. 8 3 2 0 1 0 2 0 0
Exp. 32 19 16 05 04 02 B e \WOSNG13%0

12. OBSERVED AND EXPECTED DEATHS FROM MALIGNANT LYMPHOMA, BY T65DR,
CITY, AND TIME PERIOD

12. B RO BI% R UEEFSECH, TE5DR#EERE, ik TEE

T65DR in rad Test P

Class
Total 0 19 1049 5099 100-199 200-299 300-399 400+ Homog. Trend
L B 387 209 153 48 38 17 os 1o O0SN9 02891
o Be . 22 135 13 27 18 01 03 os 007130479
e . 15 74 s0 21 20 1o 04 os 09781 0529
R O e | 32 17 13 03 02 01 oo o1 000 0a2s
B B 22 17 12 04 03 01 ox oy 0948 07862
ez g::) ! 2.3 1.6 §3 g.4 ﬁ! l!}.l gl gl 0.3502.10-2835

-
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12 Continued i %
T65DR in rad Test P
Class i

Total 0 19 1049 50-99 100-199 200-299 300-399 400+ Homog. Trend

Time Period 63-66 Obs. 13 6 4 1 i 0 1 0 0
Exp. s6 32 23 07 06 02 01 xpy D760

67-70 Obs, 16 9 1 3 1 1 1 0
Exp. 65 39 30 10 08 04 02 nap2se T8 95328

71-74 Obs. 15 4 3 4 1 1 1 0 1
Exp. 65 38 28 08 0.6 0.2 0.1 02 » 02637 0.0078

7578 Obs. 20 10 4 4 2 0 0 0 0
Exp. B85 50 34 12 10 05 03 sipaea 90613 086H

13. OBSERVED AND EXPECTED DEATHS FROM RECTUM CANCER, BY T65DR AND TIME PERIOD
13. FBBHE OO IREE R UM R JECC B, T 65DR H i & &8 A OV IR EE R

T6SDR in rad Test P
Class

Total 0 19 1049 5099 100-199 200299 300-399 400+ Homog. Trend
o Do | 636 437 300 86 60 24 L1 1 0833 08899
TissPeiod S04 068t 101 1 0 s d 0 0 o g
s g::- = lg.s g.s 3.9 i g.v g.; g.l 02 07913 08141
oo g:;. U gk W pem 0w 06 08 agi) s O Qs
PO e | 82 9 42 12 08 03 02 02 09970870
T o o o Te: b R v
& g:;'- W06 %3 51 18 e 08 03 mena 0794 D6se8
o g:;'- » }i.o g.s g.‘? :.6 2.2 é_s 8_2 8_3 0.3091 0.5870
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14. OBSERVED AND EXPECTED DEATHS FROM PANCREAS CANCER, BY T65DR AND TIME PERIOD
14, REREM O MREE & HHTESEC #, T 65DR ek Ak & OF 4 FE 5

T65DR in rad Test P
Class
Total 0 19 1049 5099 100-199 200-299 300-399 400+ Homog. Trend
- o s M 2Es BL (88 . B3 1 suiie 000 A6
T e 35 15 85 BB 08 o 0L O a0, SSIBT 06
B e . %2 % 24 68 05 82N 01 ez T pER
i (r.):; B 3o 5 3s 13 s domt - b1 oa 09N amms
O e 106 67 48 14 09 03 03 oa 043 0ax
o g:; - ;.1 §.9 {IjAI 123,8 2.3 g.l g.z 06769 9. 7318
i g::. % he & 5 0% 13 05 02 03 09170 01568
i gxb;'. = :2.3 l;.s 3.5 $5 awm 3.3 3.4 079 073

15. OBSERVED AND EXPECTED DEATHS FROM OTHER UNSPECIFIED DIGESTIVE ORGAN CANCER,
BY T65DR, CITY, AND TIME PERIOD

FOMO LGSO BE R UBITFFEC, TEDRHEEME, ok U FRERI

15.

T65DR in rad Test P

Class
Towl 0 19 1049 5099 ‘)0 2‘;"9‘9 39 400+ Homog. Trend
il Y5
g ot T B S5 € o s
S g:;: S5 BF S 0 B 100 cttend s 5B EI
R ~SL T N T S NV e
= g:; i i;? i;:j 1{15.2 g.l ;.l (11.8 3‘4 g.s U.5525: 0:6245
wo g W m m B T4 8L, e
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15 Continued #t %

RERF TR 12-80

T65DR in rad Test P
Class
100- 200-  300-

Total 0 19 1049 5099 199 299 399 400+ Homog. Trend

Time Period 6366 Obs. 87 35 25 14 6 1 s 0 1
0.1714 0.3908

Exp. 333 250 166 51 37 16 07 10

6770 Obs. 82 24 24 17 10 5 3 0 0
1645 (.4948

Exp: 321 228 155 48 35 16 07 09 Ol

7174 Obs. 89 28 22 17 9 7 2 2 2
B, 341 257 167 51 39 17 o8 1o 0181000077

7578 Obs. 124 45 26 32 4 7 i 4 2
y 0064
ey 491 351 231 69 52 22 10 13 00109 0006

16. OBSERVED AND EXPECTED DEATHS FROM CANCER OF UTERUS, BY T65DR,

CITY, AND TIME PERIOD

16, FEH#WOBE L UMIFFECH, TESDR M EME, %k CHEREH
.- T65DR in rad Test P
Class

Total 0 1-9 1049 50-99 1?3; 2;:;(;.9 323; 400+ Homog. Trend
W o mes R L L e e
e, L RS Y L B b eae
Nagasaki g:; 62 1?‘1 ;:_3 3‘6 2_3 i.o g_z {‘}_B Ly 00776 0.7618
e Y B AL % LB b
- ME ST E R T
AT EE R T
63-66 g:; 35 12_4 13‘4 12'0 3.9 ?_2 3 ” 3_3 3.3 03635 0.8434
AR N E R LR
Lt 2,'3,’; - ;g_z 37 i[ll.s g.n i.z i.o 3.4 :1.6 @365 0,408
7578 (E):;'. as 11!;_2 ::'9 S, 2 ‘1"5 de o 3,4 05410 0.4508
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