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INTRODUCTION

The present paper discusses possible radiation tumori-
genesis among Hiroshima and Nagasaki A-bomb sur-
vivors. The cases registered during 1957-61 in the
Tumor Registries of the Hiroshima and Nagasaki City
Medical Associations,’ which have been jointly conducted
by the Atomic Bomb Casualty Commission (ABCC) and
the Japanese National Institute of Health (JNIH), are
subjects of the present analysis. Early studies of the
Tumor Registry material indicated a suggestive relation-
ship between the incidence of malignant neoplasms and
distance from the hypocenter, however, no definite
conclusion as to radiation tumorigenesis due to A-bomb
irradiation could be established, except in the case of
leukemia.**® Although the present analyses, based on
accumulated registered cases during the first 5 years of
the use of the Registries, reveals more detailed information
on differential incidence rates of malignant neoplasms
among survivors at various distances from the hypocenter,
the report still remains an interim one. However, it is
worthwhile to report here because the Hiroshima and
Nagasaki survivors are unusual in having experienced a
single whole-body exposure to atomic bomb radiation. An
analysis based on such a population gives a unique
opportunity to shed light on radiation tumorigenesis
among human beings.

An overall review of neoplasms among atomic bomb
survivors, based on five broad comparison groups, com-
prising survivors within 1400m, 1400-1999m, 2000-2499 m,
and 2500-9999m from the hypocenter, as well as popu-
lations not residing in Hiroshima or Nagasaki city at the
time of bombs (ATB)is presented followed by a more
detailed analysis of neoplasms observed among survivors
within 2000 m from the hypocenter.
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METHOD OF STUDY

Hiroshima and Nagasaki Tumor Registries were begun
in May 1957 and April 1958, respectively. In addition
to providing basic information on observed incidence and
types of tumors, these registries are intended to provide
material for the study of carcinogenesis as a possible
late radiation effect in survivors of the atomic bombs.

Resolutions passed by the City Medical Associations
established Tumor Statistics Research Committees and
called for a system of notification for all tumors diagnosed
in the clinics and hospitals of Hiroshima and Nagasaki
cities. The responsibility of each committee is to maintain
the Registry, but the actual registration of tumor cases is
done by the staff of the ABCC Department of Statistics.
The results of pathologic examinations by various hospitals,
medical schools, and ABCC are available to the Registries.
Death certificates filed in the health centers in Hiroshima
and Nagasaki Prefectures are reviewed to learn of
otherwise unreported cases. Since notification is volun-
tary, the records in medical schools and principal
hospitals in the two cities are reviewed periodically to
obtain complete registration. Many cases, of course,.are
reported to the Registries from more than one source.

Period of Study The incidence rate of neoplasms given
in this report is based on the b years of registration
from 1 January 1957 to 31 December 1961. An attempt
was made to collect tumor cases retrospectively, from
the time of establishment of the tumor registry (April
1957 for Hiroshima and March 1958 for Nagasaki) to the
beginning of 1957, and these cases have been included

in the study.

Denominator for the Study The JNIH-ABCC Life
Span Study sample is used as a denominator for the
study. Malignant neoplasms analyzed here are limited to
those diagnosed among the Life Span Study sample
members. The sample, totaling 75,100 in Hiroshima
and 24,700 in Nagasaki, is composed of all eligible
persons located 0-1999m from the hypocenters and
three comparison groups, age-sex matched to the subjects
located 0-1999m, obtained by random sampling among
eligible persons. Construction of the sample began late
in 1955 and was completed in 1961. Precise description
of the Life Span Study sample is available in an ABCC
Technical Report.*

Since members of the population sample were resident in
Hiroshima or Nagasaki city at the time of the 1950 National
Census, the sample is concentrated in these cities, but
10%-15% of the sample population has migrated outside
of the registration area since that time. Information on
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malignant neoplasms is, of course, limited to those who
were diagnosed by physicians in these two cities,
however, causes of death are available for the migrants
through the mortality follow-up of the Life Span Study.
Therefore information on death from neoplasms obtained
from the death certificates can bhe substituted for the
reporting of cases occurring in the migrant fraction.

The Life Span Study sample is not sufficiently large to
study incidence rates of malignant neoplasms. Therefore,
an effort was made to estimate the current number of
survivors living in Hiroshima or Nagasaki city. If this
population could be estimated, more powerful analysis
would be possible. However, because of lack of knowledge

as to the migration pattern of survivors, this effort failed.®

Information on Radiation Exposure Distance from
the hypocenter is used as an index for the magnitude
of radiation exposure for the sample, since the distance
is highly correlated to the radiation dose which was
actually received by individual survivors. Relation of
dose and distance has been described precisely elsewhere.”

The air-dose curve gives the relationship between radiation
dose and distance from the hypocenter. For both gamma
rays and neutrons, the air-dose decreases nearly expo-
nentially with distance from the hypocenter.> To estimate
individual radiation dose accurately, the precise shielding
situation and attenuation factors must be considered.
Extensive efforts have been made by ABCC with the
help of the Oak Ridge National Laboratory to determine
radiation doses for the survivors located 0-1999m from
the hypocenter. The estimated air-dose curves,® exact
distance of the subjects from the hypocenter, experi-
mentally derived attenuation factors for each type of
radiation and shielding materials were the components
required for dose estimation. The estimation of radiation
dose has been completed for more than 50% of the Life
Span Sample members located within 2000 m from the
hypocenter. By using these persons as a denominator
for the study, an effort is made to explore the relation
between cancer development and radiation dose.

INCIDENCE AND TYPE OF MALIGNANT NEO-
PLASMS AMONG THE GENERAL POPULATION
OF HIROSHIMA AND NAGASAKI CITIES

Detailed information on incidence rates and types of
malignant neoplasms during 1957-59, diagnosed among
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* A survey for atomic bomb survivors was carried out by the Prefectural Governments of Hiroshima and Magasaki. However, these figures
cannot be utilized for the present purpose, because information on distance from the hypocenter was strongly biased according to the henefit
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TABLE 1 THREE-YEAR CRUDE INCIDENCE OF MALIGNANT NEOPLASMS /100,000 BY SELECTED MAJOR SITES,
HIROSHIMA AND NAGASAKI, 1957-59
£1 3 FHEOBEREWHTRAESE 100,000 : B s, H& - £8&, 1957 - 594

1CD Site Hiroshima E? Nagasaki £ 5
A MNo. & Rate # Mo. Rate #
Male &
140-205 Total # £, 748 435 568 357
150-1569 Digestive :)rgansﬂ“ fti‘i 509 296 378 237
151 SEOMACHN T I e ot e 365 213 246 154
Toh-166 BiverlFR ol nas by o 65 38 71 44
160-165 Respiratory system?F o 83 F 71 41 i3] 43
162-163 Lunglili.... 54 31 28 180
177-181 Lrogcmtal OI‘g'II'l‘iﬂ: 53 é*' 43 26 24 16
190-199 Others® @ {lt 67 39 46 29
190-191 Skinf W.._........ 25 15 9 06
200-205 Lymphatic and hematopoietic tissues
o s R 43 25 41 26
200-202 Lymphatic tissues V) > o0 12 T 25 16
203-205 Hematopoietic tissues & i #l#E ........... 31 18 16 10
Female %
140-205 Total ..o, A 946 533 699 416
150-159 Digestive organsif{b & ... 383 216 265 158
151 Stomach ¥.... 260 146 166 99
160-165 Respiratory system 0§ i # .. 34 19 32 19
170-181 Urogenital organs and Breast
MRS . HE .. 389 219 298 177
170 Briaast FLelBs o8 sl o W 90 51 67 40
171-174 1H8Tus =F  B.....ccocoeveevnreresesrrasenssnsassnn 255 144 207 123
175 Creary Bl W e iy 15 12 a7
190-199 Others # @l ....ccoeeriiieiice s 69 39 61 36
200-205 Lymphatic and hematopoietic tissues
Vo s M i 53 30 34 20
203-205 Hematopoietic tissues i m# & ... 33 19 18 51

Based on 1960 National Census population, Hiroshima and Nagasaki Cities.

0y + % o 4 A7 00 1950 5 [R]85 B A 1z kT L

the general population of Hiroshima or Nagasaki city has
been discussed in an ABCC Technical Report (Table 1).
A summary of the findings follows: The incidence rates
for all malignant neoplasms in Hiroshima and Nagasaki
were similar to or slightly less than those of the Connecticut
and Danish registries and higher than Miyagi Prefecture,
Japan. Miyagi Prefecture is the only place in which the
incidence rates of all malignant neoplasms, based on a
general population, are available. The most frequently
reported primary neoplasms in Hiroshima and Nagasaki
were of the stomach in both sexes, and of the cervix
uteri in females, while cancer of the breast accounted
for only about 10% of all female malignant neoplasms.
Too few malignant neoplasms are registered for detailed
analysis by site, and more definitive conclusions must
await the accumulation of additional data. However,
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some interesting differences in the type of malignant
neoplasms in Hiroshima and Nagasaki and in the United
States and Denmark are evident. The incidence of
cancer of the stomach in both sexes, and that of the
uterine cervix in females is markedly higher in Hiroshima
and Nagasaki than in the United States or Denmark.
Less frequent in Japan are cancers of the buccal cavity,
intestine, rectum, and skin in both sexes, and of the
male genital organs, and in females, the breast.

ACCURACY OF MEDICAL DIAGNOSIS

In general, the proportion of histologically confirmed
cases serves as an index of the accuracy of medical
diagnosis of registered tumor cases.

As shown in Table 2 approximately 50% of the malignant
neoplasms registered in each city have been confirmed
by biopsy or autopsy. The percentages differed between
the sexes, and among distances from the hypocenter.
For the sample within 1400 m from the hypocenter,
malignant neoplasms were confirmed by microscopic
findings in the highest proportion for both sexes and
cities. This fact suggests that a selective factor influ-
ences detection of neoplasms among the survivors
who were located close to the hypocenter.ATB. The
proportion of microscopically confirmed malignant neo-

plasms was higher for females than for males.
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TABLE 2 MALIGNANT NEOPLASMS CONFIRMED BY BIOPSY OR AUTOPSY,
LIFE SPAN STUDY SAMPLE 1957-61

#2 AREEBIUSHBTSIENZEMTEDR S & UL,
BHEWMES > S, 1957 —614E
} Male 5 Female %«
Distance m -
i3 Diagnosed Confirmed Diagnosed Confirmed
7 8 Y % 2 7 P %
Hiroshima [ B

< 1400 51 32 62.7 89 54 60.7
1400-1999 102 50 49.0 128 69 53.9
2000-2499 B2 a8 46.3 82 43 52.4
2500-9999 121 62 51.2 176 94 53.4
Not-in-city i I 7 92 31 33.7 111 60 54.0
Total #t 448 213 47.5 586 320 54.6

Nagasaki E/§

< 1400 17 16 94.1 12 9 75.0
1400-1999 29 18 62.1 14 T 50.0
2000-2499 17 5 29.4 36 24 66.7
2500-9999 30 4 13.3 27 17 63.0
Not-in-city i P F #& 38 12 31.6 32 23 71.9
Total # 131 55 41.9 121 20 6.1




NEOPLASMS AMONG ATOMIC BOMB SURVIVORS
RFRERBEOHLEY

ALL MALIGNANT NEOPLASMS

The incidence of all malignant neoplasms registered
among the Life Span Study sample members is shown by
distance from the hypocenter, sex, age ATB, and city in
Table 3. Person-years at risk is utilized as the denomi-
nator for the calculation of age-specific incidence rates
of malignant neoplasms. The person-years at risk can be
obtained by adding the number of the Life Span Study
sample living on 1 October in each of the years 1957-61.
The numerators are, of course, registered neoplasm
cases during 1957-61. Therefore, the rate in the table
indicates an annual average of 5 years experience of the
Tumor Registry. To eliminate the effect of varying age
composition of the subdivision of the sample, adjusfed
incidence rates are also given in the table. For the
age adjustment, the Life Span Study sample of 1959,
excluding the nonresident portion in Hiroshima and
Nagasaki cities ATB, with cities and sexes combined, is
employed as a standard population. A modification of the
method of Mantel and Haenzel® is utilized for testing
differential - adjusted incidence rates with one degree
of freedom.

Significant X* values are obtained in the Hiroshima
material, especially for females, and a higher incidence
rate is observed among the sample within 1400 m from
the hypocenter. However, such findings are not so
marked for Nagasaki material. Cases of leukemia and
lymphoma, which are known to have excessive incidence
rates among the survivors located close to the hypo-
center, were excluded and incidence rates were calcu-
lated (Table 4). The results still indicated a significant
difference in the Hiroshima material.

Figure 1 shows incidence curves for all malignant
neoplasms excluding leukemia and lymphoma, Hiroshima
and Nagasaki combined, for three comparison groups:
within 1400 m; 1400-9999m from the hypocenter; and
nonresidents in Hiroshima and Nagasaki cities ATB.
An excess incidence among male survivors of the within
1400 m group is observed only in the under 20-year age
group ATB. However, for female survivors within 1400 m
from the hypocenter an excess can be observed in all
age groups except 30-39 and 60 and over ATB.
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TABLE 3 INCIDENCE RATES ALL MALIGNANT NEOPLASMS, LIFE SPAN STUDY SAMPLE
HIROSHIMA AND NAGASAKI, 1957-61

Male
3B

£3 LEMFEHORLE, LE- BWHFaBEES 7, 1957 - 614
0-1400 m 1400-1999 m 2000-2499 m 2500+ m Not-in-city P A4E
Sex :"%ge = — — . = 5 E e i Teit'.
b A Y I;:;;“ No. H?‘_te _‘,?:r%n No. Rate },g;?_gn 0. Rate yi‘;?_g" No. Rate }':-IBI‘S : Ra%e iE
g b MR LR MR 5 B B MiE gy A M ¥ HEALE
Hiroshima LB
Male 0- 9 2428 5 00206 6602 3 00045 6471 - 8951 1 .00011 8822 - s
£ 10-19 2361 3 .00127 6772 1 .00015 4454 1 .00022 8994 1 .00011 9102 4 .00044 NS
20-29 1086 - 2140 2 .00093 1554 2 .00129 3221 2 00062 3341 6 .00180 NS
30-39 1813 6 .00331 3426 5 .00146 2341 7 .00299 5251 4 00076 5477 10 00183 NS
40-49 2288 700743 4573 34 00743 3241 22 00679 6200 44 00647 6750 35 .00519 NS
50.59 1482 15 .01012 2993 35 .01169 2312 36 .01557 4346 54 01243 3811 32 00840 NS
60-69 374 4 .01070 1082 20 .01848 B34 12 .01439 1373 14 .01020 1099 15 01365 NS
70+ 44 02273 147 I 00680 87 2 .02299 222 1 .00450 145 NS
Adjusted rate 0036723 0032397 0036327 026557 0025790 **
ETIEFE B A&
Female 0- 9 2589 2 .00077 6616 1 .00015 6289 9218 1 .00011 9268 1 .00011 NS
% 10-19 3879 7 00180 7722 3 .000392 5197 3 .00058 11450 7 00061 11582 7 .00060 NS
20.29 3496 15 .00429 6876 18 .00262 49{"}3 5 .00100 10369 16 .00154 10489 19 .00181 L
30-39 2980 9 .00302 7311 23 00315 5727 17 .00297 10275 44 00428 10642 24 00226 NS
40-49 3050 32 01049 6401 36 00562 4774 22 00461 9446 44 00466 8339 37 .00444 Gl
50-59 1469 20 01361 3669 27  .00736 2857 24 00840 5105 39 .00764 4140 27 00652 Sug
60-69 530 3 00566 1529 18 01177 1218 8 00657 2162 21 00971 2158 16 .00741 NS
70+ 49 1 .02041 260 2 .00769 253 01186 380 4 01053 406 3 .00739 NS
Adjusted rate 0046766 0028641 0024176 0027553 0022653 ***
AT oF f@ A 2
Nagasaki £#8
0- 9 991 2 .00202 2179 2 .00092 3327 3157 - 3164 2 00063 NS
10-19 1808 2 .00111 2560 2 .00078 2899 1 .00034 4171 2 .00024 3844 NS
20-29 590 1 .00169 TRE 1 00128 459 1 .00218 1294 1344 NS
30-39 T45 3 .00403 986 4 00406 573 - 1768 2 00113 1804 4 00443 NS
40-49 738 5 .00678 1331 10 00751 1097 6 .00547 2096 11 .00525 1853 14 .00756 NS
50-59 318 4 01258 794 8 .01008 711 5 .00703 1095 13 01187 1048 13 .01240 NS
60-69 50 181 2 01105 215 4 01860 239 3 .01255 229 1 00437 NS
70+ 1 32 - 21 - i L 1 - NS
Adjusted rate 0036335 0035270 0024124 0024526 0031630 NS
AT 1E ¥ fb =2
Female 0- 9 1032 2 .00194 2422 3386 - 3436 3472 - *
10-19 2686 5 00186 3084 2 00065 3242 1 .00031 5664 3  .00053 4867 1 .00021 ¥
20.29 1228 1885 2 00106 2124 7 .00330 3143 4 00127 3163 6 .00190 NS
30-39 638 3 .00470 1624 1 .00062 1915 7 .00366 2253 6 00266 2219 8 00361 NS
40.49 496 2 .00403 1303 2 00153 2009 13 .00647 1818 8 .00440 1618 9 00556 NS
50-59 273 599 5 .00835 1190 3 .00252 837 1 .00119 809 7 .00865 NS
60-69 71 244 2 00820 453 4 00883 290 3 .01034 308 1 .00325 NS
T0+ 5 27 40 1 02500 45 2 04444 45 - NS
Adjusted rate 0021508 0016073 0026868 0020176 0025566 NS

AT A




TABLE 4 INCIDENCE RATES MALIGNANT NEOPLASMS EXCLUDING LEUKEMIA AND LYMPHOMA,
LIFE SPAN STUDY SAMPLE, HIROSHIMA AND NAGASAKI, 1957-61

F4a HMMEY >V EEECEEHEDREE, KE - EWBGEEYS 70, 1957 - 614

Sex Age ATB 0-1400 m 1400-1999 m 2000-2499m 2500 + m Not-in-r:.i.ly i A TE Test
f FUBES M No 8 Rae A No. ¥ Rate# 8% No.# Rate BA % No. # Rate BB % No. 3 Rate A H M

Hiroshima LB

Male 0-9 i 00082 2 00030 1 00011 - - ¥
e 10-19 1 0042 - 1 022 1 00011 2 0022 NS
20-29 - - 1 00047 2 00129 2 o062 5 00150 NS
30-39 3 00165 5 00146 T 00299 4 00076 10 0183 NS
40-49 16 00699 33 00722 20 L0617 41 00603 34 00504 NS
50-59 14 .00945 3 .01136 36 .01557 53 .01220 32 00840 NS
60-69 3 .00802 20 .01848 12 .01439 14 .01020 15 .01365 NS
T0 + 1 02273 1 L0060 2 02299 1 00450 - - NS
Adjusted rate 0027613 0030504 0035384 0025689 0024639 Sug
HERAE
Female 0- 9 1 00039 1 .0001_5 - 1 00011 1 00011 NS
S 10-19 6  .00155 3 .00039 3 .00058 7 .00061 7 .00060 NS
20-29 14 00400 18 00262 5 00100 15 00145 18 00172 %
30-39 i 00235 22 00301 17 00297 42 00409 24 00226 NS
40-49 29 00951 35 00547 22 00461 43 00455 37 00444 b
50-59 20 .01361 26 .00709 23 .00805 38 .00744 27 00652 Sug
60-69 3 .00566 18 .01177 8 .00657 20 .00925 15 .00695 NS
T0 1 02041 2 00769 3 01186 4 01053 3 00739 NS
Adjusted rates .0042507 0027967 .0023872 .0026654 0022382 **=
17 IE T A
Nagasaki B
Male 0- 9 : ; 1 .00046 : : . 2 .00063 NS
% 10-19 2 .00111 : ; 1 .00034 1 .00024 ; : NS
20-29 1 00169 1 00128 1 00218 - - - - NS
30-39 3 .00403 4 00406 : : 2 00113 8 .00443 NS
40-49 3 00407 10 00751 6 00547 11 00525 14 00756 NS
50-59 3 .00943 8  .01008 5 .00703 13 .01187 13 .01240 NS
60-69 : ; 2 01105 4 01860 2 .00837 1 .00437 NS
70 4 : - : : - : . : ; NS
Adjusted rates ,0025367 .0032530 0024124 0023197 .0031630 NS
AEE A
Female 0-9 2 00194 - - - - . NS
£ 10-19 5  .00186 2 00065 1 .00031 2 .00035 1 .00021 NS
20-29 ; s 2 .00106 7 .00330 4 .00127 6 .00190 NS
30-39 3 .00470 1 .00062 6  .00313 6 .00266 8  .00361 NS
40-49 2 .00403 2 00153 13 .00647 7 .00385 9 .00556 NS
50-59 5 .00835 3 .00252 1 .00119 7 .00865 NS
60-69 2 .00820 4 .00883 3 .01034 1 .00325 NS
70 + - . S .02500 2 04444 . - NS
Adiusted rates 0021508 0016073 0026064 0018923 0025566 NS
TERME




FIGURE 1

INCIDENCE RATES ALL MALIGNANT NEOPLASMS EXCLUDING LEUKEMIA

AND LYMPHOMA, 1957-61, HIROSHIMA AND NAGASAKI COMBINED
M1l Ammey v ik 2BEEF oA, 1957 -61F Kk - RIEGE
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MALIGNANT NEOPLASMS OF SELECTED SITES BERUOBMEKREY

Since the accumulated number of neoplasms is not yet
large, detailed analysis by specific site is not possible
except for the most frequently reported sites. In the
present report, analyses are limited to leukemia, malignant
neoplasms of the thyroid gland, stomach, lung, uterus,
and breast (Tables 5,6). ‘

Leukemia Figure 2 shows comparisons of incidence
curves for leukemia among three comparison groups,
Hiroshima and Nagasaki combined. The most striking
finding is that the highest incidence of leukemia is among
the survivors within 1400 m from the hypocenter through
all age groups. The ABCC report of leukemia by
Heyssel et al stated that it apparently reached its peak
between the years 1950 and 1952 and, thereafter, the

FEMOEBBREEEL2VOT, REHEET M
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CO|ETIIFVTIE, BFIALAS L CFIRR B,
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FIGURE 2 INCIDENCE RATES FROM LEUKEMIA, LIFE SPAN STUDY SAMPLE, 1957-61
HIROSHIMA AND NAGASAKI COMBINED

Bd2 HIMFERZE, ez, > 70, 1957614 ES - B4

incidence has been diminishing.” However, the Tumor
Registry material reveals a still higher incidence 12-16
years after the bomb among the survivors closely located
to the hypocenter.

Thyreid Gland An analysis of ABCC autopsy material
and the ABCC clinical surveillance of the survivors
suggested radiation carcinogenesis for carcinoma of the
thyroid gland.®'® The present analysis reveals a signifi-
cantly higher incidence of cancer of thyroid gland among
the survivors within 1400 m for females of both cities
and males of Hiroshima City(Figure 3). No thyroid cancer
is reported among male survivors of Nagasaki City.

Stomach The stomach is the most prevalent carcinoma
site in the Hiroshima and Nagasaki populations. Among
the Life Span Study sample, 37% of all malignant
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FIGURE 3

INCIDENCE RATES FROM CANCER OF THYROID (194), LIFE SPAN STUDY SAMPLE,

1957-61, HIROSHIMA AND NAGASAKI COMBINED
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neoplasms are of the stomach. Comparison of incidence
curves of carcinoma of the stomach among the three
exposure groups reveals that the incidence rate for
female survivors within 1400 m exceeds those of the
other two exposure groups through all age groups,
although no excess incidence is observed among males
within 1400 m (Figure 4). No adequate interpretation for
this discrepancy between sexes can be made at present.

Lung No significant difference in incidence rates of
carcinoma of the lung is observed among exposure groups.
Since the number of cases is small, no definite conclusion
as to a relationship between distance and incidence can
be made from the present material.

Female Reproductive Organs No significant differences
are observed in the incidence rates of carcinoma of the
breast, uterus, and ovary among exposure groups.
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TABLE 5 AGE-ADJUSTED INCIDENCE RATES MALIGNANT NEOPLASMS, SELECTED SITES,
LIFE SPAN STUDY SAMPLE, HIROSHIMA AND NAGASAKI, 1957-61

#5 WEHLEEFEHMOFERITERMAE, BHHES > 7L, LS - B, 1957614

. . 0-1400m 1400-1999m  2000-2499m 2500+m  Notdncity TARE
Sex Site City : Test
% 5 { % No. Rate No. Rate No.  Rate No.  Rate No.  Rate BE
¥ mL® # B 4 En =4 ol ¥ WA
Male Leukemia H 9 00076 4 .00013 1 .00005 3 .00007 2 .00007 @+
) B i % N 4 .00089 2 00018 "
Thyroid H 3 .00024 4 .00018 2 .00006 Sug
kg N NS
Stomach H 18 .00124 49 00154 36  .00162 61  .00134 59  .001498 NS
B N 2 .00033 10 .00127 8 00117 13 00103 17  .00141 NS
Lung H 3 .00018 3 .00010 400020 6 .00013 11 00026 NS
i N 4 00096 1 .00011 2 00026 4 .00030 5 .00041 NS
Female Leukemia H 7 .00038 2 .00005 1 .00003 5 00007 1 .00001  **
=R N 1 .00008 1 .00004 NS
Thyroid H 11 00059 4 00009 3 .00009 8 .00011 5 .00008  **
AR N8 N 1 .00009 3 .00029 *
Stomach H 25 00131 47 00106 26  .00076 47 00075 34  .00057  *x*
" N 4 .00076 3 .00036 9 00067 7 .00043 10 00072 NS
Lung H 4 .00022 4 .00009 2 .00006 5  .00010 3 .00005 NS
Bk N 1 .00009 2 00015 1 .00011 1 .00009 NS
Breast H 8 .00043 -4~ 00009 12 .00036 18  .00027 11  .00018 NS
im N 1 .00024 4 .00053 3 .00019 4 .00026 3 00016 NS
Uterus H 13 00066 29 00063 17 00050 43  .00068 36 00059 NS
TE N 3 .00070 2 .00015 10 00073 9 00071 10  .00089 NS
Ovary H 2 .00010 2 .00007 3 .00009 2 .00005 2 .00003 NS
ELES N 1 .00008 1 .00007 NS

TABLE 6 CRUDE INCIDENCE RATES MALIGNANT NEOPLASMS, SELECTED SITES, LIFE SPAN STUDY SAMPLE

WITHIN 2000 m FROM THE HYPOCENTER, HIROSHIMA, 1957-61

#6 BOHMA»L200mEMOBEBEEICH T2 ESMEBEEINES O HRLE,
EBRwmREEY > 7, 1957 -6l

it 0 0-1000m  1000-1199m 1200-1399m 1400-1599m 1600-1899m 1800-2000m .
- 5 fir No. Rate No. Hate No, IRate MNo. Rate No. Rate No. Rate BE
HOREAR N OBAE M OWMLE N me®x & BhE N BALR
Male  Leukemia BIM# 4 0115 4 0056 1 0008 3 .0019 1 .0006 woh
S Lymphoma 1 v /¢f& 1 .0029 1 .0014 : 1 .0006 NS
Thyroid gland Bk . ; 2 .0028 1 .0008 5 Sug
Stomach ¥ 3 .0086 6 .0085 9 0068 16 .0100 17 .0092 16 .0076 NS
Other digestive organs Z DiiDif{td 1 .0029 1 .0014 5 .0038 & 0050 9 .0049 5 .0024 NS
Other % Mft 2 0058 5 0071 5 0038 11 .0069 7 .0038 7 .0033 NS
Female Leukemia {3 % 1 .0020 4 .0039 2 0010 1 .0004 1 .0003 R
S Lymphoma V) ¥ /% 1 .0020 1 .0003 NS
Thyroid gland 4R 5 .0100 2 .0020 4 .0019 1 .0004 3 .0010 ; e
Stomach # 5 .0100 8 0078 12 0057 17 .0066 22 0076 & .0031 NS
Other digestive organs Z Ot 2 .0040 2 0020 4 .0019 11 .0043 6 .0021 2 0008 NS
Breast 3% 2 0040 2 0020 4 0019 1 .0003 3 .0012 NS
Uterus F 2 2 0040 1 0010 10 .0047 12 0047 5 .0017 10 .0039 NS
Ovary 583 1 .0020 1 .0010 . 1 .0004 2 .0007 NS
Other % O ft 1.0020 5 .0049 12 .0057 6 .0024 9 .0030 6 .0023 NS
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FIGURE 4

INCIDENCE RATES FROM CANCER OF STOMACH (151), LIFE SPAN STUDY SAMPLE,

1957-61, HIROSHIMA AND NAGASAKI COMBINED
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NEOPLASMS AMONG THE SURVIVORS
LOCATED WITHIN 2000M FROM HYPOCENTER ATB
R IRAE IR A 52000 m K
CWEARFRERBEOEMTEY

Subjects of the study utilized are- malignant neoplasm
cases among those Life Span Study sample members
located within 2000 m from the hypocenter ATB. Inci-
dence rates are calculated by the registered tumor cases
1957-61, and number of persons living on 1 October
1959, For age adjustment, the total Life Span Study
sample, excluding nonresidents in the cities ATB, with
sexes and cities combined, is employed as a standard
_population.
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Table 7 shows age-specific incidence rates of all malignant
neoplasms based on the age ATB and classified by 200 m
intervals. Five year age-specific incidence rates and
average annual adjusted rates are given in the table.
Survivors within 1000m show a higher incidence rate
as compared with the remaining exposure groups through
all sexes and both cities. An especially noticeable
gradient of incidence rates for all malignant neoplasms
with distance can be clearly observed among the female

survivors of Hiroshima.

For male survivors, adjusted incidence rates among
survivors within 1000 m and those 1000-1199m from the
hypocenter seem to be higher than for the remaining
exposure groups. Numbers of survivors of these two
distance groups on 1 October 1959 are not large
(347 within 1000m and 709 between 1000-1199m for
Hiroshima and 139 and 258 for the respective Nagasaki
The number of malignant neoplasms diagnosed
in these 5 years of observation amount to only 11 and 19

groups).

cases for Hiroshima and 3 and 5 cases for Nagasaki

respectively. Nevertheless, the site distribution of
malignant neoplasms observed among these distance
groups is extremely unusual (Table 8). Four cases .of
leukemia were observed in each of these two distance
groups among Hiroshima survivors. These values are
approximately 27 times and 14 times larger than the
expected values of 0.15 and 0.29, which are calculated
from the age-specific incidence rates of the general
population of Hiroshima City, 1957-59.

thyroid cancer observed among the 1000-1199m group

Two cases of

are worthy of mention, as this is 14 times more than the
expected number. One case of leukemia and thyroid
carcinoma developed in the same individual, a 48-year-
old male located 1140m from the hypocenter ATB.
One patient with skin cancer had no record of either
flash or fire burns. Therefore, no conclusion of a
positive relationship between the development of skin
cancer and scar or keloid tissue is warranted for this

individual.

Although the number of female survivors on 1 October
1959 is larger than for male survivors, the actual numbers
are only 502 and 1020 for the groups within 1000 m
and 1000-1199m for Hiroshima and 226 and 302 for
the respective Nagasaki groups. These numbers are
still too small for the analysis of cancer incidence. The
number of malignant neoplasms diagnosed among these
groups was only 20 and 25, respectively for Hiroshima
and 0 and 5, respectively for Nagasaki. Nevertheless,
as mentioned previously, the incidence of all malignant

The
statistical test concerned with the gradient of the incidence

neoplasms within 1000 m is the highest rate.

rates with distance gives a highly significant result.
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TABLE 7 INCIDENCE RATES, ALL MALIGNANT NEOPLASMS, LIFE SPAN STUDY SAMPLE WITHIN 2000 m

FROM THE HYPOCENTER, HIROSHIMA, 1957-61

£ 7 HOH A S 2000m F OB 125 5 RBIEHREY O RN,
AP 7N, BB - B, 1957 - 614F

0-1000 m 1000-1199 m 1200-1399m  1400-1599m

Sex Age ATB : 2 ; : J 1600-1799 m 1800+m o o
fOEMBEEM 0P No Rate  LOPU No. Rate OPU No. Rate LOPU No. Rate LOPY No. Rate LOP¥ No. Rate #E
mrpe BOAR pp O BEFE pa B RLFE gy H \ ma B OWAER e M OMLHE
Hiroshima LB
Male  0-9 50 2 .04000 138 3 02174 299 . - 441 2 00454 444 . ] 435 ks
2 10-19 AR - . 174 1 00575 222 2 00901 284 1 .00352 384 - ; 685 Sug

20-29 48 . : iR - 106 - . 117 1 .00855 145 2 01379 166 NS

30.39 55 3 .05455 100 2 02000 208 1 .00481 183 1 00529 249 2 00803 246 2 .00813  Sug

40-49 66 4 06061 127 5 .03937 267 & .02996 314 17 .05414 299 10 03344 301 7 .02326 NS

50-59 39 1 02564 89 8 08989 167 & 03503 177 8 04520 218 13 .05963 204 14 06863 NS

60-69 10 1 10000 16 - : 47 3 06383 59 8 .13559 91 7 .07692 62 5 .08065 NS

70 + L. : 2 . 5 1 20000 9 : 10 1 .10000 8 : NS

Total #t 347 11 03170 709 19 .02680 1321 21 01590 1590 38 .02390 1840 35 .01902 2107 28 .01329
Annual adjusted rate 00621 00451 00269 00403 00326 00265  Sug
AT IF % »

Female 0- 9 58 1 .01724 144 1 00694 316 - : 445 - ; 434 - : 445 1 .00225 NS
& 10-19 146 2 .01370 248 2 00806 382 3 .00785 360 - : 645 3 .00465 539 ¥

20.29 130 6 .04615 186 1 00538 382 8 .02004 440 & 01818 479 5 .01044 458 5 01092 Sug

30-39 65 3 .04615 172 2 01163 358 4 01117 521 10 .01919 498 6 01205 443 7 .01580 NS

4049 72 5 06944 172 11 06395 370 16 04324 438 10 .02283 484 20 .04132 354 6 01695 *¥

50.59 23 3 13043 75 5 .06667 196 12 .06122 243 12 .04938 267 8 .02996 225 7 .03111  *

60-69 8 21 2 09524 7T 1 .01299 115 8 06957 95 8 08421 91 2 .02198 NS

70 + . ! 2 1 .50000 9 . . 18 1 .05556 11 - : 22 1 .04545 NS

Total #t 502 20 03984 1020 25 .02451 2090 44 02105 2580 49 .01899 2913 50 .01716 2577 29 .01125
Annual adjusted rate 00838 00534 00374 00313 00318 00210 ***
iE AT IE 3

Nagasaki &
Male  0- 9 40 - : 49 1 .02041 109 1 .00917 100 2 .02000 147 - ? 189 - = NS
e 10-19 38 . : 87 - 2 237 2 .00844 217 - 5 175 - : 119 2 01681 NS

20.29 21 1 04762 27 : T, = : 73 1 .01370 57 : 26 : NS

30-39 16 - : 3% 2 .06263 95 1 01053 79 1 .01266 69 2 02899 49 1 .02041 NS

40.49 16 - : 37 2 .05405 95 3 .03158 108 3 .02778 80 3 .03750 79 4 05063 NS

50-59 7 2 28571 {8 = : 39 2 05128 61 2 .03279 45 3 06667 55 3 .05455 NS

60-69 T L 2 . ; 6 - : 11 . 16 2 .12500 9 NS

70 + 3 E 2 1 = 2 = 2 3 - .

Total 3 139 3 02158 258 5 .01938 651 9 .01382 650 O .01385 591 10 01692 529 10 01890
Annual adjusted rate 00626 00407 00293 .00299 00397 00388 NS
W 3T IE #

Female 0- 9 54 - : 55 1 .01818 97 1 .01031 109 . : 147 - . 228 NS
® 0 10.19 66 - : 113 1 00885 357 4 .01120 294 1 .00340 149 3 172 1 00581 NS

20-29 39 . . 64 J 142 - . 148 : 97 1 .01031 131 1 .00763 NS

30-39 29 - . 33 2 06061 65 1 01538 82 1 .01220 105 - . 138 Sug

40-49 i : 26 1 .03846 53 1 01887 79 1 .01266 73 1 .01370 108 : NS

50-59 15 - ! i . 328 & . 32 2 06250 40 2 05000 49 1 .02041 NS

60.69 9 % : 3 - ; 14 : Tifs : 14 1 07143 21 1 04762 NS

70+ - . . 1 . 2 - 3 - 1 -

Total # 226 - : 302 5 .01656 758 7 .00923 760 5 .00658 628 5 .00796 848 4 00472
Annual adjusted rate : 00416 00198 00199 00202 00114 Sug

i W T OF A2
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TABLE 8 MALIGNANT NEOPLASMS DIAGNOSED AMONG SURVIVORS WITHIN 1000 m AND 1000-1199m
FROM THE HYPOCENTER, LIFE SPAN STUDY SAMPLE, HIROSHIMA AND NAGASAKI, 1957-61

#8 R A 5 1000m R & & 01000 - 1199 m X [ o0 5 T BB IR AT 12 50 5
BB EM O, BaHEY L T, KR - £, 1957-61%F

" 2 Hiroshima L B Nagasaki £ #f
Distance m Diagnoses

It g 5 i Male Female Male Female
& £'e 5 @

= 1000 Leukemia F1I0L%H% 4 1

—

Lymphoma Y » 7%}k

Carcinoma of Stomach W
Larynx W& 3@
Pancreas B B
Skin, right thigh #5 & B2 o 4%
Lung g -
Right kidney # 36k # - - 1
Thyroid 4% 8% 8%
Breast fLE#%
Uterus, cervix %5, ‘ﬂ?ﬁl}ﬁ
Ovary  BH 848
Oesophagus £ #
Peritoneum [ J4 g%

= T
L

— e e B3 BD TN

1000-1199 Leukemia K IiL#%

4 4
Carcinoma of Stomach ¥ #% 6 8 - 1
Thyroid Bk B8 & 2 2
Bladder &t # 1 1
Parotid gland, left &5 Flaf 1 =
Lung Bt : 1 1
Lung, squamous cell @ FF k& 1
Cervix uteri 5 % 55 #
Ovary {44
Pharynx ) f #
Vagina B
Rectum B 18 #% = - 3
Breast #L.75#% - - £ 1
Skin, parietal region 58 TH & F W 2 - = 1
Maxillary sinus - 2 i #% : 2 = 1
Liver BT B S 1
Liver, metastatic #z & {f I i 2% 1
Hepatoma AT & ! 2 9
Chondrofibrosarcoma, metacarpal bone & 3 # ¥F 88t P 1
Reticulosarcoma, right auricular region % 5 4 45 4048 fa i 1

Malignant neoplasms, salivary gland MEFENR EfEWR S - 1

- g e ek
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The site distribution of malignant neoplasms among
Hiroshima female survivors for the groups within 1000m
and  1000-1199m The

most striking finding is an excessively high incidence of

is also extremely unusual.
carcinoma of the thyroid gland. For Hiroshima survivors
within 1000 m and 1000-1199m, 5 and 2 cases, respec-
tively, of carcinoma of the thyroid gland are observed.
Based on incidence in the general population of Hiroshima

|—.-.—

during 1957-59, these observed numbers are 28 times
and 7 times lal‘ga:r than expected. Five cases of carcinoma
of the stomach for the group within 1000m is 3 times
For the
1000-1199m group, 4 cases of leukemia are observed,

which is 13 times larger than that expected.

larger than the expected number of 1.7 cases.

INCIDENCE RATES OF MALIGNANT NEOPLASMS
BY RADIATION DOSE

The intensive field investigation makes it possible to
utilize the estimated radiation dose for 4068 male (51%)
and 6609 female (57 %) members of the Life Span Study
sample who were within 2000m from the hypocenter
ATB and who were alive on 1 October 1958. Radiation
dose was calculated by exact location at the time of
bombing, detailed shielding information obtained from the
field investigation and the attenuation factor of Japanese
houses, using air-dose curves of the Hiroshima and
Nagasaki bombs the Oak Ridge National
The dose used is tentative, but is the only
estimate available.

issued hy
Laboratory.”
The following analysis is based on
registered malignant neoplasms among the Hiroshima
Life Span Study sample members whose radiation dose
was available. Nagasaki material is discarded because

of the small numbers involved.

Table 9 shows the relationship between radiation dose
Five

years combined age-specific incidence rates and average

and incidence rate of all malignant neoplasms.

annual adjusted incidence rates are classified according
to radiation dose on a logarithmic scale in the table.

Among six comparison groups which received different
magnitudes of radiation dose, the group with 500rad and
over shows the highest incidence rate for all malignant
neoplasms. The gradient of the incidence rate with
radiation dose is especially impressive for the female
sample. Although these incidence rates are based on
small numbers, the site distribution in the group with 500rad
and over is extremely unusual. Five cases of leukemia
among 330 males and five cases of carcinoma of the
thyroid gland among 447 females in the group with
500 rad and over should be mentioned.
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071000 - 1199m X M# O MFE RO 2 Fh28E s &
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oy 2 B AR £ 5 T, TR B L A 5 2000 m
iz, 1958E10H 1 HBAERL
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Ridge National Laboratory #73# L /2IK B & Bl o 58
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TABLE 9 INCIDENCE RATES, ALL MALIGNANT NEOPLASMS BY ESTIMATED RADIATION DOSE,
LIFE SPAN STUDY SAMPLE WITHIN 2000 m FROM THE HYPOCENTER, HIROSHIMA, 1957-61

#£9 BLOHAG2000m A& OMBEE I SR MATREN 2B EgE, REEGEEY > T,

957 — 61 £
Age ATB { 500 rad 5 gEg) —250_--‘1-99 r.a_dm 125-249 rad 62-124 rad 32-61 rad < 31rad e
EREER  TPUNo Rate  [OPUNo Rate  [OPNo. Rate LOP%No. Rate  LoP%No. Rate  LOPNo Rate
HE M A HE M ORAE B9 M maE BEFH BAE S8 4 BLFE B3 N WAx
Male B
0-9 Bl5id w92 78 2 .02564 192 242 223 2 .00897 236
10-19 88 - - 94 1 01064 140 2 .01429 152 197 163
20-29 48 - - 41 - - 55 74 1 01351 37 1 .02703 53
30-39 37 4 (10811 73 104 2 .01923 138 - - B2 - - 98 1 .01020
40-49 556 3 .05455 97 2 02062 155 7 04516 172 9 .05233 146 7 .04795 141 6 .04255
50-59 40 1 02500 55 6 10909 97 2 .02062 100 5 05000 74 4 05405 79 6 .07595
60-69 10 1 10000 151 09091 35 3 .0B5T1 2087 29 3 .10345 28 2 07143
0+ | - 2 - - 3 6 1 (16667 4 5 1 .20000
Annual adjusted rate 0616 00463 0352 03700 00417 00357
i MAT IE #
Female %
0-9 55 1 01818 82 214 276 220 264
10-19 99 1 .01010 124 1 00806 225 1 00444 265 2 00755 152 228
20-29 83 6 .07229 122 2 .01639 227 i 6 .02643 275 1 .00364 219 2 .00913 232 3 .01293
30-39 91 3 .03297 111 1 .00901 257 3 01167 340 1 00294 T R | P ] 274 4 01460
40-49 H2 4 04878 124 5 .04032 264 9 03409 291 13 04467 186 9 04839 188 13 .06915
50-59 26 2 .07692 46 2 04348 132 10 07576 158 7 .04430 110 6 05455 107 8 07477
60.69 12 - - 11 2 18182 50 2 04000 46 1 02174 47 2 04255 41 4 09756
70+ = - 3 1 .33333 3 11 - - T a5 - 5
Annual adjusted rate oonyoz 00455 L0389 00280 0361 00282

iF B AT IE

Table 10 indicates the average radiation dose experienced
by persons with malignant neoplasms of specific sites,
who were members of the Life Span Study sample located
within 2000 m from the hypocenter and whose estimated
radiation doses were available. The null hypothesis is
that no relationship between radiation and development
In such
cases, the average dose of radiation for each individual

of a certain site of malignant neoplasms exists.

who has a malignant neoplasm will be identical whatever
its site or type is. However, Table 10 indicates clearly
that the average doses for patients with lymphoma and
carcinoma of the thyroid gland are remarkably higher
than for those with malignant neoplasms of the other
sites. This suggests a positive relationship between
radiation and development of neoplasms at these sites.
Since the distribution of malignant neoplasm cases varies
according to estimated dose, patients with leukemia or
carcinoma of the thyroid gland would be more frequently
expected among persons who received a high dose.
Therefore, the median dose in addition to mean value
is shown in the table.
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TABLE 10 AVERAGE RADIATION DOSE PER CANCER PATIENT, LIFE SPAN STUDY SAMPLE
WITHIN 2000 m FROM THE HYFOCENTER, HIROSHIMA, 1957.61

#10 BLWmAy5200mKHOBBEE IS T AEEE LAY ) FEBRIHER,

ILBRGHESY 7, 1957 -614

Radiation Dose (rad)

Site Nao. ﬁg-}ﬁiﬁ_“ .
B *r Mean Deviation Median
L a1 i 2 i
Lymphoma ) » /48§ 3 383.3 325 450
Leukemia [ M T 497.6 527 370
Buccal cavity and pharvnx 8 - @8 8 273.8 351 95
Stomach # 79 201.7 436 205
Digestive organ excluding stomach # LIt o it % 37 170.0 27 140
Respiratory system 0% & 5 15 167.3 276 100
Thyroid gland W HRER 15 396.0 363 225
Other % @it 21 103.3 118 90
Breast L1 8 222.5 142 215
Uterus 5 27 167.4 272 110
Ovary 134 3 250,0 381 40
MEDIAN AGE OF PATIENTS WITH MALIGNANT EMHEMBEOERPRE

NEOPLASM

A question has been raised whether or not the median
age is lower for survivors with malignant neoplasm who
received a significant dose of radiation than for those
This
question pertains to all sites, as well as to certain specific
sites.

who received no radiation or negligible doses.

The underlying hypothesis is that an age-shifting
to a vounger age, with or without alternation of the
incidence rates, is occurring among the neoplasm cases
located close to the hypocenter, due to possible acceleration

of cancer development caused by A-bomb radiation.

Table 11 shows the median ages of all persons with
malignant neoplasms, excluding leukemia and lymphoma,
reported among survivors within 2000 m, partially classified
by 200m intervals into six distance groups. Analysis is
limited to the Hiroshima material. Nagasaki material is
not sufficiently large for analysis of the median age of
cancer patients. For reference, the median age of the
Life Span Study sample living on 1 October 1959 is

given in the table.

Although a statistical test of these data does not indicate
a significant result, the median age for malignant
neoplasm cases for both sexes seems to be lower in those
within 1000 m than in the remaining distance groups. Itis
not likely that this age-shifting of patients with neoplasms
among the group within 1000m results from a possible
difference of age-distribution from that of the Life Span
Study sample member per se.
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Median ages for leukemia and carcinoma of the thyroid 1200mEimoBE IcME s Ny L CFRIRIERERO

’ ithin 1200m w ; e
gland observed among those within 1 (? m were lower RS 12, 2000m DU OBEMERE B OIS 1= T A 1
than those observed among the groups 2000 m and over

plus nonresident ATB (Table 12). Wb ERCEE AR ALOLED LIEL 5 £ (F12).

TABLE 11 MEDIAN AGE ALL MALIGNANT NEOPLASMS EXCLUDING LEUKEMIA AND LYMPHOMA ,
LIFE SPAN STUDY SAMPLE WITHIN 2000m FROM THE HYPOCENTER, HIROSHIMA  1957-61

#11 BOH» 52000mkimOEBE LTS AMmMMBEY ¥/ B < L EEFREY o 5 R d Rl
EEBFGREES » 7N, 1957 — 614

Male % BXLr, Female %
Uistsiag w Life Span Stud.y Sample * ICD 140-199 ** Life Span S_tud_‘,' Sample * 1ICD 140-199 **
BaMES TN BaMES > T
R No. Median Age No.  Median Age No. Median Age No.  Median Age
. e £ P i # 9 o i # i i op e i ¥ i M o e
<1000 347 29.5 6 61.0 502 23.6 18 45.5
1000-1199 709 26.7 15 64,5 1020 26.3 21 60.0
1200-1399 1321 31.6 21 63.5 2090 29.1 43 58.0
1400.1599 1590 26.0 35 64.0 2580 30.9 49 61.0
1600-1799 1840 26.3 34 65.0 2913 279 48 58.0
1800 + 2170 19.0 29 ~ B7.0 2577 26.6 29 55.0

* Alive 1 October 1959 195910 1 HREDERFH
** All Malignant neopl luding leukemia and lymph ENETIR IR T8 S SR o L ]

TABLE 12 COMPARISON OF MEDIAN-AGE, 0-1200m AND 2000+ m PLUS NONRESIDENT ATBE,
SELECTED SITE OF MALIGNANT NEOPLASMS, LIFE SPAN STUDY SAMPLE, HIROSHIMA, 195761

#12 1200m kil OFMEEF L 2000m LR QBB E R 4 5 CICEBIFTTNEAES O
R AR O R, FRE M AOEERT Y, ERFEGMAES L S, 1957614

i 2000 + m + Notin-city
] it A
Site —
85 1 Numhber  Median Age Number Median Age
M FHHAE 2 0 o A
Male %
Leukemia A I 75 8 48.0 5 55.0
Thyroid gland Bk i3 2 41.5 7 58.0
Stomach " 8 61.5 135 62.0
Female #
Leukemia B 1 5 2 54.5 5 66.0
Thyroid gland B KR 7 36.0 28 44.0
Stomach ) 10 63.5 105 61.5
Breast EiN 3 58.0 65 48.0
Cervix uteri & Hi3F 3 59.0 67 54.0
Ovary L[R2 2 59.0 38 41.0
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SUMMARY

Malignant neoplasms diagnosed among Hiroshima and
Nagasaki atomic bomb survivors are analysed using the
registered cases of the community tumor registries in
Hiroshima and Nagasaki cities in 1957-61.

The report contains comparisons of the incidence rates
among five exposure groups: Within 1400 m, 1400-1999m,
2000-2499m, 2500-9999m from the hypocenter, and
nonresidents in Hiroshima and Nagasaki cities ATB; and
a more detailed analysis of registered tumor cases
within 2000 m from the

diagnosed among survivors

h_vpocc:ntt:r.

The principal findings obtained from the present analysis

were:

The incidence rates for all malignant neoplasms among
Hiroshima survivors within 1400m were higher than
The gradient
of incidence rates with distance is especially impressive

those of the remaining distance groups.
for female survivors. For Nagasaki survivors such
findings are not so marked;

Incidence rates of leukemia for both sexes and cities
and incidence rates of carcinoma of the thyroid gland
for female survivors (both cities) within 1400 m were
significantly higher than those of the remaining exposure
A higher incidence rate of carcinoma of the
stomach was observed for Hiroshima females in the group
within 1400 m.
rate was observed for either Hiroshima males or for

groups.
However, no such excess incidence
either sex in Nagasaki;

More detailed analysis of the incidence rate of all
malignant neoplasms occurring among Hiroshima survivors
within 2000 m from the hypocenter revealed a gradient
of the incidence rate with distance. Incidence rates of
all malignant neoplasms within 1000 m and 1000-1199m
were higher than those of other distance groups for
both sexes and cities;

The excess incidence rates of Hiroshima survivers in
the groups within 1000m and 1000-1199m were due to
the unusually high occurrence of leukemia in males and
carcinoma of the thyroid gland in females;

By using the tentative estimated radiation doses, the
incidence rates of all malignant neoplasms classified by
radiation dose were calculated. Persons who had received
500 rad or more showed a higher incidence rate than

E &
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those who received less than 500 rad. Mean and median
dose was calculated for patients with selected major
site nesplasms. These suggested that leukemia, lymphoma,
and carcinoma of the thyroid gland developed more
frequently among persons who received a large radiation
dose;

Although statistical tests showed no significant results,
a tendency toward lower median ages was observed for
cancer patients among survivors close to the hypocenter,
especially among patients with leukemia and carcinoma
of the thyroid gland, than for those located distally from
the hypocenter.

. BESMONENE L OBREIDI RO TFEE
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Bbha.

HHOME TCREELZERD OG5 24, HE 58
et sEohLIERD, EHEEEEH LD LEEEER
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APPENDIX BENIGN NEOPLASMS AMONG ATOMIC BOMB SURVIVORS
182 BRFREBRBEORENEY

Benign tumors diagnosed among the Life Span Study
sample during 1957-61 are the subject of the present
analysis.

Table 13 shows age-specific incidence rates by sex and
city of all benign neoplasms among three exposure groups:
Within 1400 m; 1400-9999m from the hypocenter; and
nonresident in Hireshima or Nagasaki city ATB. The
denominator for calculation of the incidence rate is
persons alive 1 October 1957-61. Adjusted incidence
rates are also calculated.

Adjusted incidence rates among the survivors within
1400 m are higher than those of other exposure groups
for both sexes and cities. Since registered cases
involved not only those who came to medical attention
due to symptoms originating from the tumor per se, but
also those detected incidentally at medical consultation
due to illness other than tumor, a question arises whether
the excess incidence rate in the group within 1400 m was a
result of atomic bomb radiation or of the enhanced
chance of finding an asymptomatic benign tumor because
of the intensive medical care given to the survivors
located close to the hypocenter. Unfortunately, no data
are available for solution of this question.

Table 14 shows the number of benign tumors by site
and exposure group. No remarkable difference is observed
in the site distribution of benign neoplasms among these
three exposure groups. That is, no specific tumor can
be credited with contributing the excess incidence rate for
the closely exposed from the data shown in this table.
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TABLE

13 INCIDENCE RATES OF ALL BENIGN NEOPLASMS, LIFE SPAN STUDY SAMPLE,

HIROSHIMA, 1957-61
#13 ZRENEHHELE, BE - BREHFHFHES TN,

1957 - 614

. o ~ <1400m 1400+ m Not-in-city i % 7+ 7€
o £ I r;;, R;;:e ox I\;;). Ri;e P N;;_ R;;_e
Hiroshima LB
Male 0- 9 2428 7 00082 22024 3 00014 8822
e 10-19 2361 2 00085 20220 6 00030 9102 5 00055
20-29 1086 5 00460 6915 4 00058 3341 3 T
30-39 1813 4 00221 11018 9 00082 5477 9 L0164
40.49 2288 7 00306 14614 19 L0130 6750 11 00163
50-59 1482 8 00540 9651 2 L00083 3811 ] 00210
60-69 374 3289 5 00152 1099 1 00091
704 44 456 1 00219 145
Adjusted rates FTIE# 002267 00631 000959
Female 0-9 2589 3 00116 22123 18 L00081 9268 6 0065
& 10-19 3879 13 00335 24369 35 00144 11582 14 00121
20-29 3496 19 00543, - 22238 49 00220 10489 17 00162
30-39 2080 14 00470 23313 56 00240 10642 27 00254
40-49 3050 9 00295 20621 33 00160 8339 4 00048
50-59 1469 3 00204 11631 9 00077 4140 4—’ 00097
650-69 530 1 00189 4909 5 00102 2158 2 00093
70+ 49 893 406
Adjusted rates JTIE# 003159 LD01508 001207
Nagasaki £&
Male 0-9 991 1 00101 BEGS 6 00069 3164
# 10.19 1808 1 .00055 9630 3844
20-29 590 2533 1344
30-39 T4b 3327 1 00030 1804 1 00055
40-49 738 1 00136 4524 2 00044 1853
50.59 318 2600 2 00077 1048
60-69 50 635 229 1 00437
70+ 1 T0 1
Adjusted rates FTIE# 000540 000320 000222
Female 0-9 1032 5 00484 9244 bl 0087 3472 2 00058
ES 10-19 2686 3 00112 11980 11 00092 4867 6 00123
20-29 1228 & 00407 7162 23 00322 3163 5 00158
30-39 638 1 00157 5792 12 00207 2219 4 00180
40-49 496 5130 4 00078 1618 2 00124
50-59 273 2626 2 00076 809
60-69 71 987 2 00203 308
T0+ b 112 45
Adjusted rates ITIE % 002046 001398 001082
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TABLE 14 REGISTERED BENIGN NEOPLASMS, LIFE SPAN STUDY SAMPLE,

HIROSHIMA, 1957-61
14 EHRMEFEY, ERBGHEEY > 7, 1957 - 614

Site Male 5 Female 4
1 <1400m 1400-9999 NOWREY _1400m  1400.9999 oL
SRS N T & " EmEEATE

Buccal cavity, pharynx [k - 8§ 1 2 2 .
Stomach #® 3 4 3 12 1
Intestine j@ 1 1
Rectum EHB - 1
Nose, MNasal cavity I B Vi 3 1
Larynx W T 1 1
Lung Fifi 1
Mediastinum ¥ B R g 1
Testis A 1
Breast L 3 24 5
Uterus  Cervix (170) B3 4 1 +

FE  Corpus(172) ## 18 57 30

Other (174) %@l 2 6 1

Ovary HH B 5 33 14
Other reproductive organ # Ot SR SE 1 1
Kidney W& . 1 1 2
Urinary bladder jg gt 1 1
Skin H 6 12 6 5 17 4
Central nervous system thif #H# 32 1 4 2 1 4
Thyroid gland Bk Eg 1 ] 5 10 9
Bone & 3 2 4 1 4 z
Connective tissue 4 & 9 16 9 8 19 5
Hemoangioma i % i 3 4 i 4 11 .
Other Z @b 2 1 - 3 1 2
Total # 28 37 62 2056 T4
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