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SUMMARY

Deaths in the RERF Life Span Study (LSS)
sample have been determined for the four years,
1975-78, and mortality examined for the 28
years since 1950. An analysis of cancer mortality
is reported separately (LSS Report 9 Part 1).
In this report, we examined whether mortality
from causes other than cancer is also increased
or whether a nonspecific acceleration of aging
occurs.

Cumulative mortality from causes other than
cancer, estimated by the life table method,
does not increase with radiation dose in either
city, in either sex, or in any of the five different
age at time of bomb (ATB) groups.

No specific cause of death, other than cancer,
exhibits a significant relationship with atomic
bomb exposure. Thus there is still no evidence
of a nonspecific acceleration of aging due to
radiation in this cohort.

Mortality before the LSS sample was established
has been reanalyzed using three supplementary
mortality surveys to determine the magnitude
of the possible bias from the exclusion of deaths
prior to 1950. It is unlikely that such a bias
seriously affects the interpretation of the radiation
effects observed in the cohort after 1950.
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Early entrants who are believed to have received
very low levels of induced radiation still
experience a lower mortality than that
experienced by the late entrants or the Orad
exposed group. No excess of deaths from
leukemia or other malignant tumors is observed
for the early entrants in this cohort.

INTRODUCTION

As one feature of the study of the late effects
of exposure to A-bomb radiation, the RERF and
its predecessor, the Atomic Bomb Casualty
Commission-Japanese National Institute of Health
(ABCC-INIH) have conducted a mortality
surveillance using a cohort of 109,000 exposed
individuals and suitable comparison subjects
(defined as of 1950). The findings have been
communicated periodically; the last report
described deaths in the years 1950-74! Recently
mortality through 1950-78 has been analyzed
and the cancer deaths reported.”  Briefly,
evidence of a radiation-related increase in site
specific malignancies continues to emerge, and
time has made more certain some of the previ-
ously noted associations. Some foreshortening
of the lives of survivors as a result of the
increased frequency of fatal malignancies is to be
anticipated, but it has not been clear whether
mortality from causes other than cancer is also
increased or whether a nonspecific acceleration
of aging occurs. Previous analyses have failed
to reveal evidence of either of these latter
alternatives.!**

The present study addresses anew the issues of
mortality from causes other than cancer among
survivors, and nonspecific acceleration of aging
(i.e., nonspecific life shortening due to radiation).
Cognizance has been taken of the possible role
of competing causes of mortality in the assess-
ment of our data. Finally as interest mounts in
the effects of low level, low intensity exposures,
it seems timely to examine again mortality
among the early entrants included in the mortality
cohort to which reference has been made. Their
mortality experience was last scrutinized for the
period 1950-66° at which time no increased risk
of premature death or death due to malignancy
could be shown. Indeed, taken at face value,
their deaths were fewer in number relatively than
anticipated for individuals of their age and sex as
judged by national standards.
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METHODS AND MATERIALS
The methods of analysis which were used are
briefly summarized.

Life table techniques, which treat the competing
risk from causes of death other than those of
interest as being lost to follow-up,® were
employed to determine the cumulative mortality
from the causes of interest within each exposure
group in the LSS extended sample. Standard
errors for the cumulative mortalities were
computed by Greenwood’s formula.”  This
method of analysis is different from that
employed in Part | in this series of reports
because it focuses on life shortening rather than
on mortality rates, as the outcome of interest. It
has been used to examine data on deaths due to
all causes, all malignant neoplasms, and all causes
other than cancer. Tests for trend with dose
(Tarone’s method)® were applied to various
subgroups defined in terms of city, sex, and age
ATB, and simple log rank comparisons’ > of
data from pairs of dose intervals were used to
provide additional detail about the dose response.
All analyses were adjusted for city, sex, and age
ATB, as appropriate, to avoid bias due to possible
confounding of these factors with dose. Details
are given in the Statistical Appendix.

The contingency table methods® of Part 1 were
applied to mortality data from diseases other
than cancer including all diseases except
neoplasms (ICD 001-139, 240-796), diseases of
the blood and blood forming organs (ICD 280-
289), all diseases except neoplasms and diseases
of the blood and blood forming organs (ICD
001-139, 240-279, 290-796), tuberculosis (ICD
010-018), vascular lesions of the central nervous
system (CNS) (ICD 430-438), diseases of the
circulatory system except CNS (ICD 390-429,
440459), diseases of the digestive system (ICD
520-579), and residual rubrics of disease. Tests
for increasing mortality with increasing dose
were made and linear regression estimates of the
average excess risk per year, per rad, were
calculated.

Standard mortality ratios, based on all-Japan
death rates, were computed for deaths from all
diseases other than neoplasms by city, calendar
time, exposure status, and dose.

In an effort to investigate possible selection
biases that have been hypothesized by other
investigators,">™° mortality data for the period
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1946-50 were obtained from the 1946 Hiroshima
A-bomb Survey,!® the 1945 Nagasaki A-bomb
Survey (Shirabe Survey)'” and the mortality
survey of pregnant women ATB,'® and subjected
to the analyses described above. Approximate
dose estimates were calculated based on reported
distance, using average values determined from
the LSS sample.

The contingency table methods® were also used
to compare the mortality of the early entrants
with that of the late entrants and of the distally
exposed.

The estimates of exposure used in this analysis
are based on the T65 system of dosimetry.'’
Under this system each individual is assigned a
gamma, a neutron, and a total kerma exposure
based upon distance from the hypocenter and
shielding. It is these individual estimates which
have been grouped here for analysis. Recent
reassessments of the quality and quantity of
radiation released by these two nuclear devices
question the appropriateness of these esti-
mates.”®?! It is now maintained that the neutron
exposures in both cities were not only less than
previously conjectured but their energies were
“softer”. As a result, total kerma falls somewhat
in Nagasaki (the neuiron component there was
never thought to have been large), but more in
Hiroshima where neutron exposure may be only
15%-23% of the T65 estimates. Since the
analysis set forth in this report rests on total
kerma, it is obviously less affected than an
analysis which separately estimates gamma and
neutron effects. Indeed, the cumulative proba-
bilities of dying shown in Tables 1-3 should be
little changed; of course, the exposures are less,
but whatever error would arise would stem from
missassignment to a dose category, possibly as a
consequence of the underestimation of the
effects of shielding. The trend tests, since they
are based on an estimated exposure for each
dose category could be affected more. Presumably,
however, the true slope would be flatter than the
one estimated, and hence significance over
estimated. Since a dose-response association is
seen only for cancer causes of death, and since
most of these tests are significant at the 0.001
level, it seems unlikely to us that substantive
differences in interpretation of the data will arise.

RESULTS AND DISCUSSION
We shall address the three issues under discussion,
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TABLE 1 CUMULATIVE PROBABILITY OF DEATH FROM ALL CAUSES (1950-78) BY DOSE,

CITY, SEX, AND AGE ATB

£1 2ACLIHCORMECH (1950—78%), @i, i, HRUEBIFTESHN
T65 Kerma dose in rad Trend statistics
City  Sex Age for increasing
100- 200-  300- 2
0 19 1049 5099 199 299 399 400+ dose-response (Z)
H M <10 0.036 0.043 0.031 0.039 0.020 0.143C 0.136B 0.138B 4.21C
10-19 0.094 0.091 0.081 0.08 0.109 0.108 0.158 0.203C 3.26C
20-34 0.218 0.188 0.215 0.246 0.206 0.180 0.192 0.171 -0.57
3549 0.541 0518 0.529 0.544 0.500 0.606 0.714B 0.705A 2.78B
50+ 0928 0.924 0907 0.910 0942 0936 0957 0.977 -0.07
H F <10 0.019 0.020 0.023 0.022 0.070C 0.059A 0.000 0.034 2418
10-19 0.055 0.039 0.063 0.055 0.088A 0.095 0.099 0.127B 3.97C
20-34 0.101 0.102 0.107 0.123 0.110 0.214C 0.186A 0.206C 4.98C
3549 0.335 0.326 0.350 0.368 0.350 0420A 0431 0435A 3.09C
50+ 0874 0.857 0856 0868 0.866 0.864 0909 0.864 1.10
N M <10 0.040 0.047 0.034 0.046 0.034 0.143C 0.000 0.057 1.30
10-19 0.103 0.119 0.068 0.094 0.071 0.098 0.125 0.140 0.06
20-34 0.225 0.217 0.185 0.140 0.308A 0.306 0.185 0.182 0.84
3549 0.550 0.597A 0.580 0.542 (0.546 0565 0.629 0.720C 1.86A
50+ 0919 0940 0.949 0929 0.905 0815 0909 00955 -1.16
N F <10 0.041 0.024 0.034 0.035 0.012 0.063 0.000 0.146C 3.33C
10-19 0.061 0.063 .0-055 0.036 0.077 0.072 0.106 0.063 1.03
20-34 0.128 0.118 0.117 0.148 0.098 0.117 0.068 0.182 040
3549 0331 0.406A 0.395A 0.372 0370 0345 0391 0.343 -0.77
50+ 0906 0.874 0925 0.875 0.881 0962 0.818 0.833 0.29
H M+F All ages 0.306 0.297 0.304 0.313 0.313 0.358A 0.371C 0.381C 593C
N M+F Allages 0.254 0.264 0.256 0.248 0.251 0.271 0.252 0.290B 1.30
H+N M  Allages 0.355 0.352 0.344 0.352 0.347 0.390 0416 0.433C 2.84B
H+N F  Allages 0249 0.245 0.255 0.259 0.263 0.300A 0.290A 0.306C 5.10C
H+N M+F <10 0.031 0.033 0.029 0.033 0.039 0.101C 0.049 0.090C 5.55C
10-19 0.075 0.070 0.068 0.066 0.090 0.095 0.122A 0.140C 4.10C
20-34 0.138 0.130 0.136 0.153 0.142 0.198A 0.169 0.193A 3.09B
3549 0420 0421 0434 0441 0418 0485 0.536B 0.538C 3.83C
50+ 0.902 0.892 0.890 0.890 0900 0.896 0919 0.912 0.09
H+N M+F Allages 0.293 0.289 0.292 0.298 0.298 0.337A 0.342B 0.359C 5.46C

Difference in cumulative mortality between 0 dose group and corresponding dose group is statistically significant

(one tailed) at level of A (P<.05), B (P<.01), C (P<.001).

A(P<.05), B(P<.01), C(P<.001)THHMI-EETHS(HM BE).
*Normal deviate, see Statistical Appendix. FHE@Z - uvTREHFZIMTIMESE,

namely, life shortening, mortality from all causes
except cancer among survivors, and the mortality
of early entrants, separately.

Life Shortening
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The results of the life table and log rank analyses
of the cumulative mortality over the 28-year
period through December 1978 are to be found
in Tables 1-3. Table 1 gives the cumulative
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. TABLE 2 CUMULATIVE PROBABILITY OF NONCANCER DEATH (1950-78) BY DOSE, CITY,

SEX, AND AGE ATB

#2 SUNORBIZLI3RCORBIECE (1950—784), KR, W,

HERUEBEER

T65 Kerma dose in rad

Trend statistics

City  Sex Age for increasing
3 100- 200-  300- ;
0 19 1049 5099 199 299 399 400+  dose-response (Z)
H M <10 0.033 0.037 0.029 0.039 0.010 0.063 0.093 0.000 0.03
10-19 0.082 0.076 0.063 0.068 0.096 0.077 0.083 0.147A 1.73A
20-34 0.169 0.143 0.168 0.210 0.135 0.105 0.125 0.120 -1.14
3549 0438 0425 0414 0424 0376 0471 0.655C 0.508 0.80
50+ 0.894 0.886 0.862 0.857 0906 0.858 0931 0.970 —0.06
H F <10 0.015 0.017 0.018 0.013 0.040A 0.020 0.000 0.000 0.10
10-19 0.044 0.033 0.050 0.048 0.051 0.036 0.029 0.066 0.61
20-34 0.070 0.070 0.061 0.087 0.056 0.053 0.091 0.102 0.80
3549 0.265 0.245 0.270 0.276 0.261 0.296 0.270 0.331 1.43
50+ 0.839 0.824 0.819 0.834 0.808 0.812 0873 0.781 -0.21
N M <10 0.038 0.046 0.034 0.046 0011 0.077 0.000 0.000 -1.13
10-19 0.097 0.102 0.055 0.073 0.067 0.060 0.064 0.089 -1.22
20-34 0.173 0.184 0.133 0.113 0.222 0.187 0.113 0.095 -052
3549 0432 0.492A 0464 0422 0443 0481 0488 0.564A 1.06
50+ 0.876 0.920 0930 0903 0.856 0778 0.865 0925 -1.81
N F <10 0035 0.020 0.032 0.035 0.012 0.021 0.000 0.101A 1.81A
10-19 0.048 0.047 0.042 0.024 0.051 0.056 0.064 0.043 0.39
20-34 0.089 0.087 0.089 0.086 0.060 0.076 0046 0.148 0.27
3549 0.262 0.315A 0.317A 0.325 0.328 0.317 0.317 0.267 0.00
50+ 0.894 0.843 0901 0.858 0.839 0955 0818 0.788 0.08
H M+F Allages 0.269 0.260 0.260 0.270 0.259 0.267 0.301 0.292A 1.18
N M+F Allages 0.221 0.231 0224 0.216 0215 0228 0.208 0.234 —0.55
H¥fN M  All ages 0.314 0.313 0300 0.306 0.297 0312 0360 0.341 —0.33
H+N F  Allages 0.217 0.210 0.217 0.222 0.213 0.219 0.220 0.234A 1.29
H+N M+F <10 0.027 0.028 0.026 0.030 0,021 0,043 0.033 0.014 0.29
10-19 0.064 0.058 0.053 0.053 0.067 0.055 0.056 0.089 0.74
20-34 0.101 0.095 0.092 0.114 0.085 0.076 0.092 0.113 -0.28
3549 0.336 0.333 0339 0.342 0322 0.372 0.420A 0.403A 1.72A
50+ 0.868 0.858 0.853 0.851 0.853 0.840 0.889 0.867 -0.93
H+N M+F Allages 0.257 0.253 0.252 0.257 0.248 0.258 0.278 0.278A 0.58

Difference in cumulative mortality between 0 dose group and comresponding dose group is statistically significant

(one tailed) at level of A (P<.05), B (P<.01), C (P<.001).

Orad #iHET L8R LORNECEOZ

A(P<.05), B{(P<.01), C(P<.00)THITHI-HETHS(HE ME).

*Normal deviate, see Statistical Appendix.

(probability of dying) mortality from all causes
of death for the 8 exposure groups within the
20 separate city-sex-age ATB categories. Average
mortality within each city, sex, age ATB group,
and the entire cohort are also shown. The
statistical significance of the comparisons
between each of the nonzero exposure groups
and the 0 rad group, as computed by the log rank
test, and the normal deviate test statistic for
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TABLE 3 CUMULATIVE PROBABILITY OF CANCER DEATH (1950-78) BY DOSE, CITY, SEX, AND AGE ATB
#3 HWIILIFCORMIECHE (1950—78EF), B, i, MERUHEEERT

T65 Kerma dose in rad

Trend statistics
City Sex Age for increasing
100- 200- 300- .
0 19 1049 5099 199 299 399 400+ dose-response (Z)
H M <10 0.003 0.006 0.002 0.000 0.010 0.085C 0.048C 0.138C 11.4C
10-19 0.013 0.016 0.019 0.019 0.014 0.033 0.082C 0.065C 4.16C
20-34 0.059 0.053 0.057 0.045 0.082 0.084 0.077 0.058 0.84
3549 0.183 0.163 0.196 0.209 0.198 0.255A 0.172 0.400C 4.07C
50+ 0.326 0.333 0.324 0.371 0.377 0.550 0.373 0.216 —0.04
H F <10 0.003 0.003 0,005 0.009 0.032C 0.040C 0.000 0.034B 4.83C
10-19 0.012 0.006 0.014 0.007 0.038C 0.061C 0.072C 0.065C 7.15C
20-34 0.033 0.034 0.050B 0.040 0.057A 0.171C 0.105C 0.116C 7.23C
3549 0.095 0.108 0.110A 0.128A 0.120 0.176B 0.221B 0.156 3.58C
50+ 0.220 0.185 0.204 0.206 0.303B 0.274 0.286 0.377A 3.62C
N M <10 0.003 0.001 0.000 0.000 0.023A 0.072C 0.000 0.057C 7.13C
10-19 0.007 0.019A 0.014 0.023A 0.005 0.041B 0.066C 0.056C 2.96B
20-34 0.063 0.040 0.060 0.031 0.110 0.146A 0.082 0.096 2.54B
3549 0.207 0.206 0.215 0.208 0.185 0.160 0.274 0.358B 1.86A
50+ 0.347 0.260 0.275 0.261 0.337 0.165 0.325 0.391 1.47
N F <10 0.007 0.004 0.9_02 0.000 0.000 0.042A 0.000 0.050B 4.23C
10-19 0.014 0.017 0.014 0012 0.028 0.017 0.045 0.021 1.37
20-34 0.043 0.034 0.030 0.068 0.040 0.044 0.023 0.039 0.31
3549 0.092 0.133A 0.114 0.069 0.062 0.042 0.109 0.103 —1.56
50+ 0.116 0.196 0.249B 0.120 0.265A 0.148 0.000 0.212A 0.69
H M+F All ages 0.090 0.087 0.095A 0.101 0.118C 0.172C 0.145C 0.164C 10.5C
N M+F Allages 0.068 0.071 0.074 0.064 0.078 0.071 0.077 0.111C 3.97C
H¥N M  Allages 0.115 0.110 0.116 0.123 0.130 0.181C 0.147A 0.186C 6.89C
H+N F  Allages 0.063 0.065 0.072B 0.069A 0.093C 0.124C 0.116C 0.126C 8.43C
H+N M+F <10 0.004 0.004 0.003 0.003 0.018C 0.061C 0.017 0.077C 13.7C
10-19 0.012 0.013 0.016 0.014 0.024B 0.042C 0.069C 0.056C T75C
20-34 0.042 0.039 0.049A 0.045 0.063A 0.131C 0.085A 0.090B 6.10C
3549 0.133 0.137 0.148A 0.155A 0.145 0.185A 0.198B 0.248C 4.59C
50+ 0.262 0.249 0.261 0.266 0.331B 0.359 0.296 0.301 2.53B
H+*N M+F Allages 0.085 0.083 0.090A 0.092 0.109C 0.148C 0.129C 0.151C 10.7C

Difference in cumulative mortality between 0 dose group and corresponding dose group is statistically significant
Orad B & MET 2@EBHLORBMIECHDER

(one tailed) at level of A (P<.05), B (P<.01), C (P<.001).

A(P<.D5),

B(P<.01), C(P<.00L)CHFMIIZAETHS (KM &)

*Normal deviate, see Statistical Appendix.

trend and its statistical significance for each of
the categories are given. Table 2 sets out the
results of the same analyses for mortality from
causes other than cancer (corrected for the
competing risk of cancer) and Table 3 gives the
findings for cancer mortality corrected for the
noncancer causes of death. Note that the
cumulative mortality in Tables 2 and 3 represent
the cumulative noncancer and cancer mortality,

ERRZCowTRERRIIMT SHBRN.
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FERVEABLUNOFERICLIZRMACERUSE
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respectively, in the absence of the other cause of
death and as such, will not necessarily sum to the
total mortality in Table 1 (except in the instance
of no competing cause of death - see Hiroshima
males, age ATB 0-9 for example).

Mortality from all causes of death shows a
statistically significant increasing trend with
increasing dose in 9 of the 20 city-sex-age ATB
groups given in Table I for Hiroshima (P<.001),
for males (P<.01), and females (P<.001), for
each age ATB group under the age of 50 (P< .01
or P<.001), and for the entire cohort (P<.001).
In the comparisons of the nonzero exposure
groups with the Orad group, statistical significance
was not found for exposures less than 200rad for
any of the combination groups (i.e., city, sex, age
ATB group, or the entire cohort), but a few
instances of statistical significance were seen
within the individual city-sex-age ATB subgroups.
Mortality for the highest exposure category,
400+rad, is significantly elevated over the 0rad
group in each combination group except age
ATB 50+ where, of course, cumulative mortality
is high in all dose groups, (i.e., little varration is
possible when all causes of death are considered).

The results for mortality from all causes of death
except cancer, corrected for the competing risks
of cancer, indicate little or no relationship
between mortality from noncancer causes and
radiation exposure (Table 2 and Figure 1). Asis
apparent from Figure 1, the cumulative mortality
experience of those individuals 50 years of age
or older ATB differ little, if at all, in the 0 and
100+ rad groups. This age set was selected only
because its mortality experience is largely
complete. Only 2 of the 20 trend statistics for
the individual city-sex-age ATB subgroups are
statistically significant (one expected and 7 of
the 20 statistics indicate a negative trend).
Within the combined groups, only the trend
statistic for the 35-49 age ATB group is significant
and then marginally so (P=.043). These results
are consistent with the hypothesis of equal
mortalities among the exposure groups. The
only evidence of a radiation-related effect on
mortality from causes other than cancer comes
from the highest exposure group, 400+ rad.
When compared with the Orad group, this
exposure category is significantly elevated
(P<.05) in 3 of the 20 city-sex-age ATB groups
(Hiroshima males 10-19 ATB, Nagasaki males
3549, and Nagasaki females 0-9). A significant
elevation is also seen for the entire cohort as well

Z1IOBECH I3 262wz tcEHERAL
(REEORShZVESERBRL. Mgl
ER0O—9ZnEBNHRE).

SFEICLIECER, H1IZRL L2001, #&,
BERSERBHO IS 98, T4 b5, EB(P<.001),
B (P<.01), 1 (P<.001), HiBs5EMH0E
KEOEH(P<.01 523w P<.001) R UKE
2 (P<.001) CHESMICE-> THAFEMIZHE
ZEMERLTWS. lrad Dl EOB KR
Orad BF& HM 4 % &, 200rad Rl Tk X OMlA
GO (i, M HEEEREE SMRE) IHVT
LHERIEMAEE LRSS h a2 h o 2 H, la o,
M, HBEERWATIZZ, 306 THEIENES
EARL N, HBFERSIEL LOREBRVAR
HAEGHEWIIHIVT, BEOELFVMTE S
400rad LI EBFOFECH (2 Orad LD HBIZ 810,
VR EOBICEVTRIRTORBR TRRIEC
EHLGRB. LAY TLTFEREZEEL AR
BLAVYEBRBICLIIZERIFBZINVBL V.

BUNOLREHOECELZ?EZEORE VA Z71220T
RIET 3L, SUNORREICLAFECH: HNEESR
EOMIIZREAYBEFZDHoh 2w (EH2ZAT
Hl1). Ml1a6Mortksic, HBREMOR
Db RMFECE(Z, Orad B »100rad Ll LT
EeakZiraw., UKL EOBEAVEORED
HNEEALYEECLTWER2STHS. &ifi, M,
PEMEREEMG 12 L 2200880 5 &, EHE I B A
EMIIHBTELI0EHbTH2HTH 5 (20080 it
DI b2 MEETH Y Lo BAOHEBERT).
FRES EMS—OEBOBEOHKI RO A THEM Y
TMENA(P=.043). Ch50ERIZ, HHEN
OFECEFFLVEVIRFELXXFL TV S. #LS
OFEBACEIECEICHT I HHEHE AL -BE
HRoh20iE BROEL E5v400rad UL LB O &
TH3. COBE0rad L EET 5L, 20,
%, BRNERNO) 53 (BRSERI0—19F
DEBOR, B—VEOEEOBRUFOI—9&D
EEOK) THECE oL (P<.05). ZD=20
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FIGURE 1 CUMULATIVE MORTALITY FROM ALL CAUSES EXCEPT CANCER BY AGE
ATB AND DOSE, 1950-78
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as three of the combination groups (Hiroshima,
females, and the 3549 group).

The noncancer deaths analyzed in Table 2
include deaths from diseases of the blood and
blood-forming organs, many perhaps most of
which are attributable to cancer. A comparison
of causes of death on death certificates with
autopsy findings revealed that about 10% of
cancer deaths are falsely attributed to noncancer
causes on the death certificate. Moreover, a
substantial number of deaths ascribed to diseases
of the blood and blood-forming organs have been
found to be misdiagnosed leukemias and

HETTRL EHBRERITELHEELMMA RS A
Zo(IEEY, %R U35—49&EFF).
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TREZSTHUNOFER L300 L EHENT
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BEUBMSBOHRB LI LDEEATWEARCO D
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lymphomas when checked against the Leukemia
Registries in the two cities.! Thus, the increases
in mortality in the very high dose (400+rad)
group observed in some age-sex-city groups in
Table 2 could be spurious. As will be shown
later, an analysis of cause-specific mortality
reveals the increase in mortality from all diseases
except cancer in the very high dose (400+rad)
group to be smaller when deaths from diseases
of the blood and blood-forming organs are
excluded.

The results for mortality from cancer, corrected
for the competing risks from other causes, are
given in Table 3. A very strong effect of radiation
upon cancer mortality is clear. Within the
individual city-sex-age ATB groups, the trend
statistic is significant in 13 of the 20 comparisons
(10 of these having P<.001) while for the
combination groups; a significantly positive
trend (P<<.001) exists in all cases except the 50+
ATB group (P<.01). For the comparisons of
each nonzero exposure group with the Orad
group, highly significant results are sgen for
individuals exposed to 100rad or greater. For
the group exposed to 100-199 rad, 6 of the 20
city-sex-age ATB groups are statistically signifi-
cant, a highly unlikely occurrence under the null
hypothesis (P=,0003). Even for exposures below
100 rad, there is moderate evidence of a radiation
effect (note the group exposed to 1049 rad).

As mentioned in the methods section, two
different procedures have been employed to
determine the dose response of cause-specific
mortality. We have examined cumulative
mortality (probability of dying) using life table
techniques which allow for competing risks as
shown in Tables 2 and 3 and mortality in fixed
periods using the person-year method which can
be viewed as a pragmatic means of allowing for
competing risks. The dose response in terms of
relative risk with the two methods does not
reveal a significant nor consistent difference as
shown in the following table. A further
breakdown by age ATB also fails to disclose a
significant or consistent difference.

Mortality from All Causes Except Cancer

The mortality rates from all diseases except
neoplasms (average annual death rate per 10,000)
in the high dose group (100+rad) and Orad
groups by age ATB and 4-year intervals are
shown in Figure 2. The age-specific mortality
rates show no difference between the two dose

10
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Disease Method Radiation dose in rad # & @& ( rad ) Trend
3 10- 50- 100- 200- 300- #itit
0 19 49 “99 199 299 399 400
Cancer Method 1 1 098 106 108 1.28 1.74 1.52 178 P<.001
= (Life table)
Method 2 1 1.00 108 1.08 127 174 1.67 2.11 P<.001
(Person-year)
Noncancer Method 1 1 098 098 1.00 096 1.00 1.08 1.08 P>.10
L Method 2 1 098 1.00 099 095 1.09 130 1.09 P>.10
4 1 098 097 094 094 090 1.04 1.06 P>.10

* Noncancer deaths excluding deaths attributed to diseases of the blood and blood-forming organs.
WL QSN S b MR UEREOKB L3 C ARV ELD.

groups (100+rad vs 0 rad) for the period 1950-74
as previously 11’:;901't'.=,1:l,1’3 and the same tendency
is observed in 1975-78.

Table 4 shows the dose-response relationship of
mortality for the major causes of death selected
for this analysis. There is no cause of death
suggestive of a relationship with radiation, except
diseases of the blood and the blood-forming
organs (ICD 280-289). As previously stated, the
accuracy of causes of deaths classified as “diseases
of blood and blood-forming organs” is very low
and such deaths often include leukemia and
malignant lymphoma. When the misdiagnosed
cases were excluded from the high dose groups,
in the earlier analysis, the spurious effect
disappeared. Accordingly the dose-response
relationships for “all diseases except neoplasms
and blood disease™ were reviewed further by city
and sex, but no significant relationship emerged.
This was also true for the other specified (non-
cancer) causes of death chosen for analysis. The
excess deaths per million person-year per rad
(PYR) and the 90% confidence interval are also
shown in Table 4 for selected major causes of
death. There are no significant excess deaths
from diseases except those of the blood and
blood-forming organs about which we have
already remarked.

Thus, no increase in cause-specific mortality
from causes other than cancer is again demon-
strated among A-bomb survivors for the period
5-33 years after the bomb. This is consistent
with results of the analysis based on life table
methods, previously discussed, which allow for
competing risks and does not support the
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FIGURE 2 DEATHS PER 10,000 PER YEAR FROM ALL CAUSES EXCEPT CANCER BY AGE
ATB AND DOSE, 1950-78, 100+rad VS Orad
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hypothesis that radiation accelerated aging
generally, that is, nonspecifically.

The follow-up study of ankylosing spondylitis
patients who received radiation therapy>
suggests a slight increase in mortality even from
noncancer diseases not directly related to
ankylosing spondylitis. However, it has been
recently reported?® that ankylosing spondylitis
patients who did not receive radiation therapy
have a higher mortality than normally expected
from the same noncancer diseases for which an
excess mortality was observed among irradiated
ankylosing spondylitis patients. Thus, the study
of ankylosing spondylitis may also provide little
support for hypothesis of radiation-accelerated
aging.

The findings on the A-bomb survivors are
consistent with the experiences of British
radiologists®® but in marked contrast to the
experiences of US 1'ad.iologists.25 Among the
latter, a higher mortality has been reported not
only from cancer but also from cardiovascular-
renal diseases and from other nonneoplastic

12
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diseases as compared with other medical
specialists. Beebe et al® have suggested that
these seemingly contradictory findings may stem
from the smaller sample sizes and the inadequacy
of the controls in the studies of radiologists in
Britain and the US as compared with the study
of A-bomb survivors.

In this connection Stewart,'® Kneale and
Stewart,'* and Rotblat'® contend that, since the
observations on the RERF cohort exclude those
survivors who died prior to 1950 and who were
ostensibly more sensitive to radiation and
therefore more prone to die from causes such as
infectious diseases and pneumonia, mortality in
the RERF cohort is biased and the radiation
effects observed in A-bomb survivors are
underestimated. The RERF cohort is, of course,
a selected one, but it is important to show, if
possible, the magnitude of the effects of such
selection on the induction of cancer by A-bomb
radiation.

In this regard, there are data, though not
complete, concemning mortality prior to 1950.
Firstly there is an A-bomb survivors .sunrey
(household survey) conducted by the municipal
authorities in Hiroshima on 10 August 1946, one
year after the A-bomb. It identifies 104,000
survivors and their families residing in Hiroshima
at the time of the survey.'® Seventy percent of
the proximally exposed survivors (exposed
<1,700m) it identifies are included in the RERF
cohort. The relationship between mortality
after 1946 and exposure distance in this group
of individuals has been studied and reported.'®
Secondly, similar data'” are available in Nagasaki
though the number of subjects is small (4,200).
Thirdly, data exist on the mortality of mothers
of the in utero exposed cohort.'®

As Beebe et al® have pointed out, if the purported
selection exists, its effect should decrease with
time and be greater the heavier the exposure
dose. Table 5 shows, by period and dose, the
standard mortality ratio (SMR) for deaths due
to all diseases except neoplasms (based on
specific death rates for all-Japan). Though the
mortality data prior to 1950 are given only by
exposure distance (<1,200, 1,200-1,399, 1,400-
1,699, and 1,700+m in Hiroshima and <1,500,
1,500-1,699, 1,700-2,099, and 2,100+m in
Nagasaki), comparison is made with the
approximately comparable dose group in the
RERF cohort after 1950 based on the estimated
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TABLE 5 STANDARD MORTALITY RATIO (BASED ON ALL-JAPAN DEATH RATES)
FOR DEATHS FROM ALL DISEASES EXCEPT NEOPLASMS BY EXPOSURE
STATUS, PERIOD, AND CITY, 1946-74

5 HEHLUNOELER LI OESBFECRE (LEOFECEIZET (),
WARARRE, WIRR ORI, 1946—TA%F
: . o 09 1099 100+  Relative risk
City Reriod ettty ol wad rad  (100+/09 rad)
Hiroshima  1946-50% 55 65 55 79 1.22
51-54 70 82 70 91 111
55-58 19 89 93 90 1.01
59-62 88 85 75 79 93
6366 75 83 90 92 111
67-70 85 85 82 1.00 1.18
7174 38 89 89 99 111
Nagasaki  1946-50* 82 81 97 1.18
51-54 93 1.14 1.02 1.15 1.01
55-58 120 1.24 1.08 120 97
59:62 95 1.10 101 1.07 97
63-66 110 1.08 1.09 127 1.18
67-70 1.10 1.02 1.13 78 77
7174 94 1.04 1.00 1.10 1.06

*Source: 1946 A-bomb survivors survey for Hiroshima'® and 1945 A-bomb survivors survey

-

{Shirabe survey) for l\:Iagasal':i.”|I .

BRHE: 1MEEO R THEREBAESE " & 19465 0 S GRS E R E (MAK)"

median dose of each exposure distance group
(the estimated median doses are 199, 60, 18, and
Orad, respectively).® The SMR for “all disease
except neoplasm” does not differ between periods
or dose groups after 1946 (though the relative
risk is high for 1946-50, the high relative risk is
seen only in the first year — October 1946-
September 1947). Thus the death rate observed
for the high dose group in the early period, prior
to 1950, is not consistently higher as might be
expected, if the selection is as serious as Rotblat
avers. The SMR does differ by city — the SMR
for Hiroshima is lower than for Nagasaki which is
consistent with the mortality statistics based on
the Japanese Vital Statistics for the general
populations of Hiroshima and Nagasaki cities.

Although the mortality information available on
women pregnant ATB is limited, it is valuable.
The relative risk for “all diseases except
neoplasm’ is very high in 1945 but after that no
increase is observed. The same tendency is noted
for “all causes of death’., Though the excess
deaths from all diseases except neoplasms and
blood diseases increased with time in the RERF
cohort for Hiroshima as seen in Table 6 which
may be viewed as evidence of selection,’ the
tendency is observed only for Hiroshima males,
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TABLE 6 EXCESS DEATHS FROM ALL DISEASES EXCEPT NEOPLASMS AND BLOOD DISEASES PER
MILLION PERSON-YEAR RAD (PYR) BY PERIOD, CITY, AND SEX, 1950-78

#6 WEMRUCAREDBLNOLFERIZLA31005AFErad -0 D
BEFECH, WE, HRCER], 1950784
Hiroshima Nagasaki
Vs Both sexes Both sexes
Estimate 90%. confidence Male Female Estimate 90%. confidence Male Female
interval interval
1951-54 -3.08 (—7.06, 0.90) =297 -3.37 -2.39 (=7.09, 2.30) -8.49 2.56
55-58 -2.88 (-7.37, 160) -1.03 —4.02 0.14 (—4.98, 5.27) -1.35 1.75
5962 -1.85 (-641, 2.71) 462 022 -3.32 (—848, 1.84) -7.00 -0.09
63-66 1.04 (-3.87, 5.95) 330 -1.13 1.02 (—4.49, 6.53) 4.87 —-2.68
67-70 1.94 (-3.33, 17.20) -1.14 3.87 -3.31 (—8.88, 2.26) -7.14 —0.15
71-74 6.68 ( 1.07, 12.29) 9.97 4.46 0.42 (-5.47, 6.31) 2.31 -1.32
75-78 6.80 ( 0.65, 12.96) 16.36 0.68 —0.18 (—=6.27, 5.92) 0.31 -0.71
1951-78 0.37 (-1.51, 2.25) -1.49 -0.51 -1.00 (—=3.04, 1.05) -2.37 —0.00
1946-50* -1.47 (—4.05, 1.12) 1.34 (=3.62, 6.30)

*Source: 1946 A-bomb survivors survey for Hiroshima'® and 1945 A-bomb survivors survey (Shirabe survey) for
Nagasaki.l? ®F¥: VSEOLATEERSEEZMEE" ACVSFORNESESEEN (HEE)"

and not for Hiroshima females or Nagasaki males
and females. Thus, the effects of selection
through the exclusion of deaths prior to 1950, if
any, appear to be very small,

Kneale and Stewart'® have repeatedly asserted
that those individuals who are sensitive to
radiation and are prone to develop malignant
neoplasms, would have died right after the
A-bomb with infectious disease because of lower
immunity. But this does not seem to be the case.
Mortality from infectious disease prior to 1950
is shown in Table 7. Death from tuberculosis
which was the leading cause of death in Japan
prior to 1950 does not differ by radiation dose
in any one of the three surveys — the 1946
Hiroshima A-bomb survivors survey,'® the 1945
Nagasaki A-bomb survivors survey (Shirabe
survey),'” or women exposed while pregnant.'®
Death from infectious disease other than
tuberculosis also does not differ by radiation
dose except for the data on those women who
were exposed while pregnant. The number of
deaths in the latter group is too few to permit
statistical examination (only three deaths, one
was exposed to 100+ rad and died in 1945).

As to mortality soon after the A-bomb, there are
no data available except those mentioned
above!®!” and the Joint Commission data.’S
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TABLE 7 MORTALITY FROM TUBERCULOSIS AND OTHER INFECTIOUS DISEASES PRIOR TO 1950

=17

1946 Hiroshima A-bomb Survivors Survey 16

I90FE LMD BRRVEOMOBRERMII L SFCE

% : Statistical
Exposure distance in meters test**
Period Cause of death
Total <1200 1200-1399  1400-1699 1700+ H L
199* 60* 18* 0* @)
1946 Oct.- Tuberculosis Obs. 429 16 25 36 352
1950 Sep. O/E 0.95 1.21 0.81 101 044 047
Other infectious Obs. 83 5 3 7 68
diseases O/E 1.54 0.75 0.81 1.01 067 0.76
Subjects 72165 2825 3487 7549 58304
1945 Nagasaki A-bomb Survivors Survey (Shirabe Survey)!’
Exposure distance in meters sm::;:ul
Period Cause of death — -
Total <1500 1500-1799 1800-2099 2100+ H L
& 199% 60* 18* 0* ®)
1945 Oct.- Tuberculosis Obs. 38 12 7 1 18
1950 Sep. O/E 1.19 1.25 0.36 092 0.11 058
Other infectious Obs. = 0 0 1 3 too few to test
diseases O/E 0.0 0.0 35 1.5
Subjects 4197 1099 629 304 2165
Exposed while pregnant (Mother of in utero exposed)’®
Exposure dose in rad Sta:;:tlca.l
Period Cause of death . .
Total 0 19 1049 5099 100+ H L
(P)
1945 Aug.- Tuberculosis Obs. 17 6 5 2 2 2
1950 Sep. O/E 0.70: LS4 0.63''223 " 181 0.39 0.28
Other infectious  Obs. 3 1 0 0 1 1 too few to test
diseases O/E 0.67 - - 60 5.0
Subjects 2269 1125 441 410 124 169

*Mediandoseinrad &Eo DR ( rad )

**H: Nonhomogeneity of exposure groups regardless of pattern H: 5 -y s b TEERETCHY BORE

L: Linear increase with dose (one tailed) L
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TABLE 8 CLASSIFICATION OF EARLY ENTRANTS BY DATE OF ENTRY
AND PROXIMITY TO HYPOCENTER

#8 BMATEOATERABRUBLEBASOERIZLISH

Distance from hypocenter in meters

Date of first entry D”.’: -
Group First day Second + day <9
2 N H N H N H&N
6,7 Aug 9,10 Aug 1000 1200 - - 1+
b 6.7 Aug 9,10 Aug 1000-1499 1200-1799 - £
6.7 Aug 9,10 Aug 1500+ 1800+ <1000 <1200
8.9 Aug 11,12 Aug <1000 <1200 - E
¢ 6,7 Aug 9,10 Aug 1500+ 1800+ 1000+ 1200+ =
8,9 Aug 11,12 Aug 1000+ 1200+ - - =
10+ Aug 13+ Aug - - - = s
However, it should be noted that deaths LA AL, FBEROFCRIZEAYED THRED

immediately after the A-bomb were in most cases
due to an extremely high exposure (over the
lethal dose) to radiation, blast, or heat, and thus
mortality among the survivors included in this
cohort (estimated dose <600 rad) was probably
not high and the number of deaths from
infectious disease not large. As to mortality
after the first year from the A-bomb, no dose
response is evident as seen in the available data.

In summary, it is unlikely that mortality from
infectious and other diseases prior to the
establishment of the cohort (before 1950) biases
seriously the inferpretation of the relationship of
radiation to malignant neoplasms in the cohort
after 1950, and no association with dose has
been seen for causes of death other than
malignant neoplasms.

Death Rates for Early Entrants

As described in detail els»*:\a.rl'lert:,5 numerous
individuals included in the ‘‘not-in-city™ group
of the LSS cohort entered either Hiroshima or
Nagasaki soon after the bomb for relief or other
activities. If early entrants are defined as
individuals who entered the city within one
month after the bomb, 4,512 of them (3,698 in
Hiroshima and 814 in Nagasaki) are included in
the cohort sample. These early entrants can be
divided into three groups, a, b, and c, graded
with respect to their estimated induced radiation
dose, based on their date and place of entry
(Table 8). The mortality of these groups was
compared with the “not-in-city” group other
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TABLE 9 NUMBER OF SUBJECTS AND PERSON YEARS AT RISK OF EARLY ENTRANTS,
LATE ENTRANTS, AND EXPOSED (0 rad) BY CITY, 1950-78

#9 FHMATH, BUMAHZSRUEBRE ( Orad ) O RBHI;E 12
BlEE N, WA, 1950—784F
Ay Exposed Early entrants* Fite
(0 rad) Total 4 b 5 entrants
Hiroshima Subjects 295717 3698 168 420 3110 16472
Person-year at risk 577019 79527 3435 8564 67528 359003
(1954-78)
Nagasaki Subjects 4004 814 23 32 759 5534
Person-year at risk 99154 19953 600 817 18536 138800
(1950-78)

*See Table 8 # 8 8.

than early entrants (22,006 late entrants and the
31,581 subjects in the 0 rad group).

The distribution of subjects and person years by
city are shown in Table 9. Observations for
Hiroshima are based on the period after Qctober
1954 when selection of the sample was cdmpleted.
A suitable sampling frame was not available in
1950 when the exposed group was selected and
thus selection of the “not-in-city” group had to
await the 1951-53 surveys. Table 10 shows the
mortality ratios of early entrants (groups a, b,
and c), late entrants, and the Orad group for all
causes of death. No significant difference in
mortality is demonstrated among the three
groups of early entrants. A similar tendency is
observed when mortality is examined by city and
survey period. Statistically the mortality ratio of
the Orad group is significantly higher than that
of the ‘“not-in-city” group (early entrants
included), while there is no significant difference
between early and late entrants in the ‘‘not-in-
city” group.

Six deaths due to leukemia (four in Hiroshima
and two in Nagasaki) (Table 11) were recorded
among early entrants during the entire survey
period.  Leukemia mortality in this group,
however, was lower than in the Orad group, but
the difference is not statistically significant.
Leukemia did not develop among the early
entrants in the period from 1950 to 1958 when
it was frequently occurring in the exposed groups
but developed later.

For all cancers except leukemia, mortality in the
early entrants is lower than that in the Orad
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TABLE 10 OBSERVED AND EXPECTED DEATHS FROM ALL CAUSES AMONG EARLY ENTRANTS,
LATE ENTRANTS, AND EXPOSED (0 rad) BY YEAR OF DEATH AND CITY

10 FHATE, BMATERUCEES

(Orad ) I 3 £FEECIZHCOREY L

IFr g, FECF R USTHE]

Test*
Early entrants >
% T Exposed Late with P<.05
City Year  Statistic (© rad) s e

Total a b c 1 2 3

H+N 1950-78 0 8582 1373 70 184 1119 5332 + - -
O/E 1.028 0.877 0.762 0.902 0.882 0992

50-53 0 131 16 0 1 15 132 + - -
O/E 1212 0613 0.000 1.017 0.618 0911

54-58 0 1600 190 10 31 149 949 + = -
O/E 1.057 0.697 0.636 0.882 0.672 0.996

5962 0 1277 209 13 21 175 834 = — =
O/E 0.991 0.882 0946 0.669 0912 1.050

63-66 0] 1285 211 10 19 182 815 = — T
O/E 1.012 0.880 0.720 0.575 0944 1.017

67-70 0] 1361 227 6 31 190 927 s (T T
O/E 0990 0.853 0.370 0.862 0.888 1.061

71-74 0 1440 269 16 40 2137 859 + = -
O/E 1.027 0985 0900 1.078 0976 0.963

75-78 0 1488~ 251 15 41 195 816 + - -
O/E 1.085 0921 0.804 1.127 0.897 0.895

H 1954-78 0 7575 1136 64 175 897 4049 + - -
O/E 1.027 0868 0.796 0908 0.866 0.993

N  1950-78 6] 1007 237 6 9 222 1283 + - -
O/E 1.035 0.926 0.522 0.813 0951 0.988

*Two tail test i (il K&
1 - Exposed (0 rad) vs total not-incity (EE+LE)
2 - Early entrants (EE) vs late entrants (LE)

group, and no significant difference is observed
between early and late entrants although the
latter are closer to the Orad group. Neither is
there evident any difference in mortality
between the three groups of early entrants (Table
12). By cancer sites, mortality for early entrants
for stomach, lung, and breast cancer is not
significantly different from that of late entrants
and the O rad group.

It is difficult to estimate precisely the dose of
induced radiation received by early entrants.
There is drastic attenuation of the neutron-
induced gamma dose with distance from the
hypocenter and time from the bomb, but
assuming that one stayed at a point 500 m from

B ( Orad )HTHiNIIV AR BELE(EE+LE)

SWHAHE(EE JHBBAKRSE(LE)
3 - Early entrants classified as group a vs other early entrants

ABORBATHEA T OROFHEANE

Orad #OFFCERIEVY, FHATE - BEAT
HOMzEBELIRD AL W, 72, BHIATSH
DIBOMIZLIFECEOME »rEEIR 2V (F]12).
#HOBAMIRTEL, FE, WERUVISOFECE
2, FHATE L BEATERF Orad BEDOEHIZ
AEEE 2w

RMGARE O R 2 FR R & B CHEE S 2
DIEEBETSHS. PHEFIZBR S5 4 v vHER,
BOMASOERE:FRETROBEMS & 628K
sEELART Y, EROBRHE 1SMEE L 265
75 100ERM, #LEA2AS00MmD LTSz
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TABLE 11 OBSERVED AND EXPECTED DEATHS FROM LEUKEMIA AMONG EARLY ENTRANTS,
LATE ENTRANTS, AND EXPOSED (0 rad) BY YEAR OF DEATH AND CITY

#11 BHATE, RUMATERUHESEIE (Orad )12 AAMBIZLIFECD
BB L B, SECERUHB
Farl Test*
i v Statisti Exposed e G Late with P<.05

iy a e (0 rad) entrants

Total a b c 1 2 3

H+N 1950-78 0 40 6 0 0 6 11 + + —
O/E 1.323 1.134 0.000 0.000 1.343 0.512

50-53 (0] 1 0 0 0 0 0 - =t —
O/E 2.608 0.000 0.000 0.000 0.000 0.000

54-58 0 5 0 0 0 0 0 + = =
O/E 1.728 0.000 0.000 0.000 0.000 0.000

59-62 (0] 5 1 0 0 1 3 - = =
O/E 1.071 1.227 0.000 0.000 1.474 0.853

63-66 0 3 3 0 0 3 1 - + -
O/E 0.795 4.219 0.000 0.000 5.107 0.398

67-70 (0] 5 1 0 0 1 3 - = =
O/E 1.058  1.259 0.000 0.000 1.431  0.862

71-74 (0} T 0 0 0 0 2 + = -
O/E 1.454 0.000 0.000 0.000 0.000 0.580

75-78 (0] 14 1 0 0 1 2 + — =
O/E 1.559 0579 0.000 0.000 0.683 0.318

H 1954-78 (0] 36 4 0 0 4 7 + - =
O/E 1.365 0.917 0.000 0.000 1.108 0.430

N 1950-78 (0] 4 2 0 0 2 4 — - =
O/E 1.035 2.153 0.000 0.000 2.334 0.768

*See footnote Table 10 #10@ WiE 2K,
the hypocenter for 100 hours from 1 hour after T AL, SHABBREETH Urad, EBTH

the detonation of the bomb, the dose received
has been estimated to be approximately 14 rad
in Hiroshima and approximately Srad in
Nagasaki.m Most early entrants experienced
much lower exposures, for the mean cumulative
dose from the bomb to infinite time is estimated
to be no more than 2-3rad in Hiroshima and
considered to be less than 1rad and negligible
in szlgasakts Thus, in view of the magnitude of
the exposure dose and the fact that the irradiation
of early entrants was chronic and not acute as
in exposure to A-bomb radiation, a remarkable
increase in radiation-induced cancers seems
highly unlikely as contrasted with directly
exposed individuals. In fact, as described earlier,
data on 4,500 subjects in the LSS cohort failed
to demonstrate an increased occurrence of
leukemia and other cancers among early entrants.
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TABLE 12 OBSERVED AND EXPECTED DEATHS FROM ALL CANCER EXCEPT LEUKEMIA AMONG
EARLY ENTRANTS, LATE ENTRANTS, AND EXPOSED (0 rad) BY YEAR OF DEATH AND CITY
#12 SMATHHE, BRBAHE R OB ( Orad ) 2H 13 5 FIUFELLI O 2 ET O 125 5
FEC OB H & s, FECERFTHR

Early entrants . Test*
Exposed Late with P<.05
City Year Statistic (0 rad) entrants —
Total a b

1 2 3

H+N  1950-78 (0] 1654 276 10 41 225 1041 + - -
O/E 1.025 0.900 0.560 1.023 0.904 0.992

50-53 0 11 1 1 0 16 - - -
O/E 1.014  0.360 0.000 6.736 0.000 1.113

5448 0 272 35 10 25 152 - - -
O/E 1.056 0.740 0.000 1.543  0.658 0.986

59-62 0 223 43 4 39 M R T
O/E 1.005 1.027 0.000 0.716 1.152 0.984

63-66 o] 266 47 5 41 173 - - -
O/E 1.008 0914 0.338 0.717 0.989 1.013

67-70 o] 270 51 3 47 183 - - -
O/E 0.988 0.973 0.320 0.425 1.113 1.027

71-74 0 306 58 12 43 198 - - -
O/E 1.009 , -0.986 0.813 1.554 0.907 0.991

75-78 (0] 306 41 6 30 184 + - +
O/E 1090 0.746 1449 0.888 0.671 0.942

H 1954-78 0 1473 231 39 183 809 - - -
O/E 1.025 0.892 0.569 1.033 0.891 0.9%90

N 1950-78 0 181 45 2 42 232 - - -
O/E 1.022 0.939 0.489 0.860 0.965 0.996

*See footnote Table 10 #1000 ik M.

However, Rotblat'> has described an increased
incidence of leukemia among early entrants
based on a report of Hirose® and maintains
that this is a clear example of a low dose radiation
effect. Hirose’s leukemia cases stem from the
registries in Hiroshima and Nagasaki and thus the
diagnoses seem above cavil; however their
exposure status has been derived chiefly from
their A-bomb handbooks which were issued to
A-bomb survivors since the promulgation of the
A-bomb Survivors Medical Treatment Law in
1958 and exposure status is based on individual
reporting. A-bomb handbook holders are given
free medical care for certain designated diseases
such as leukemia. It is possible, therefore, that
an enumeration from A-bomb handbooks will be
biased toward inclusion of more leukemia cases.
In this connection, it is worthwhile to mention?$?°
that though the leukemia cases among early

L»L, Rotblat® R OBE® ESTVTRE
AFiEOEMMBORERHMMERL, ZhizERR
BEmpEomasmTs L LTS, IKED
FMER LS - RMOBHCETOTED, B
CREERZVWEEDNS.
BEEREER, X LTURENREREREEERFE
AFLBHEBRE IR EATVARBFRLLES
htsn, MAOEFIIETLTY 3. FEFE
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EfFZiohns. Las->T, BRFELSHMLRE
MeEEst+ 5856, EF#MFEVHICRS TREEY
H 5. %, PHATHEOSMBENIEHEBE &Rk
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entrants show a similar distribution by type as
that seen among A-bomb survivors (predomi-
nantly chronic myelocytic leukemia), they fail to
show the peak in the early 1950s seen among
A-bomb survivors, instead their peak occurredin
the early 1960s when leukemia cases among
A-bomb survivors were very few in number.
There is also a problem in the estimation of the
denominator (the base population) used in the
calculation of the leukemia incidence. Theirs is
an estimation of the number of early entrants
residing in Hiroshima and Nagasaki based on data
from two or three -cross-sectional surveys
conducted from 1950 to 1974 and not upon a
cohort. There are many difficulties in this
approach (e.g.,, migration is not taken into
consideration). Estimation of the base population
is a particularly serious problem for they did not
employ a compelling method to examine the
dose response through grading early entrants by
time and place of entry. Ohkita®® has called
attention to still other difficulties. In the present
report, the base population is definite because a
cohort established in 1950-53 is used, but the
sample size is small. It is obviously important to
continue to conduct careful long-term obser-
vations on other cancers among early entrants.
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STATISTICAL APPENDIX
BEtAhEICBT M8

Life table methods have been used to compare
the mortality experiences over time of the
various exposure groups and to examine the
effect of ionizing radiation upon life shortening.
The cumulative mortality for 1) all causes of
death, 2) malignant neoplasms, and 3) all causes
other than malignant neoplasms was analyzed
for (a) each of 20 LSS subgroups (2 cities,
2 sexes, and 5 age ATB groups), (b) each city
adjusted for sex and age ATB, (c) each sex
adjusted for city and age ATB, (d) each age ATB
group adjusted for city and sex, and (e) the
entire LSS cohort adjusted for city, sex, and
age ATB. Each individual exposure category was
separately compared to the 0 rad group and the
hypothesis of an increasing mortality trend with
increasing radiation exposure examined.
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These analyses employed standard life table
methodology for the estimation of the cumulative
mortality experiences and their standard errors,
and the log rank statistic for hypothesis testing.
For each city-sex-age subgroup, a life table was
constructed by dividing the time interval between
1 October 1950 and 31 December 1978 into
monthly subintervals. The cumulative mortality
from the cause of interest within each exposure
group was computed from a life table procedure
which treats the competing causes of death as
being lost to follow-up.® Standard errors for the
cumulative mortalities were computed by
Greenwood’s formula.” Weighted averages of
the separate causes of death were used to
compare the cumulative mortalities among the
exposure categories within each city adjusted for
the other factors, sex and age. To adjust for
possible differences in the sex-age distributions
among the exposure categories, the same weights
were used for each and were based on the total
number of individuals, without regard to
exposure, within each sex-age ATB group. If the
cumulative mortality and the number of
individuals in the i-th city, j-th exposure Category,
k-th sex, and 2th age ATB group are denoted by
Pijke and Ny o, respectively, then the average
mortality of the j-th exposure group in the i-th
city is given by,
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where N; y o =ZN;;y 0. Similar weighted averages
were constructéd for each sex adjusted for city
and age, each age group adjusted for city and sex,
and for the entire cohort adjusted for city, sex,
and age.

For each non-‘‘zero” exposure group, the
mortality experience over time was separately
compared to that of the group receiving 0 rad.
The statistical procedure used was proposed by
Mantel® (see also Peto and Peto'® and Cox''),
and is commonly referred to as the log rank test.
A brief description follows: Within each city-
sex-age subgroup, let N,, and N,, denote the
number of individuals at risk (corrected for
competing causes of death as in the life table
analysis) during the t-th monthly interval for the
0 and nonzero rad exposure groups, respectively.
Also let Mg and M;; denote the number of
deaths from the cause of interest in these same
two exposure groups and let N, =N,, +N,, and
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M, = M, + M,,. Under the null hypothesis of
equal mortalities, the total number of deaths in
the nonzero exposure group, S = ZIIM“, has
mean value E(S) = ZM;N, /N, and variance
Var(S) = ZM, (N, —M)NoN 1/IN((NF=D)]. An
approximate normal deviate test statistic is given
by Z = [S—E(S)]/[Var(8)] 2.

The mortality experiences over time can also be
compared within larger subgroups such as city
adjusted for sex and age. Let Sijk denote the
test statistic for the i-th city, j-th sex, and k-th
age group, then a Mantel and Haenszel'? test
statistic for comparing the two exposure groups
within the i-th city adjusted for sex and age is
given by,
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Similar statistics can be constructed for
comparisons within each sex adjusted for city
and age, within each age group adjusted for city
and sex, and within the entire cohort adjusted
for city, sex, and age.

In addition to comparing each nonzero exposure
group with the 0rad group, a statistical test for
any increasing trend of mortality with increasing
radiation exposure was performed. The test
statistic used was proposed by Tarone® and is
described as follows: Within each city-sex-age
subgroup, let N, (=1, . .., R) denote the
number of individuals at risk (corrected for
competing causes of death) in the t-th interval
corresponding to the R-th exposure group having
average exposure d;(i=1, ..., R). Also let M,
(i=1, ..., R) denote the number of deaths from
the cause of interest in the R-th exposure group
and N; = ZN;; and M, = ZM;; be the total
number at risk and the total number of deaths,
respectively, during the t-th interval. Tarone’s
trend test is based on a weighted sum of the
deviations between the total number of deaths
and their expectations under the null hypothesis,
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where A; =N /N;. The test statistic is
T= ?:Ii(Oi - Ei) which, under the null hypothesis

of equal mortalities among the exposure groups
has mean O and variance
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where &, = M{(N,—M,)/(N, —1). An approximate
normal deviate test is given by, Z=T/[Var(T)] %,

This trend test can also be used within larger
subgroups such as city adjusted for sex and age.
Let T;;, denote the trend statistic for the i-th
city, j-th sex, and k-th age group, then a statistic
for testing the trend of mortality with dose
within the i-th city adjusted for sex and age is
given by,
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