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I. PURPOSE OF STUDY

This paper presents an analysis of the
incidence of malignant neoplasms diagnosed
during May 1957 - December 1958 in sur-
vivors of the 1945 atomle bombing of
Hiroshima. The series of papers on
leukemias among A-bomb surviveors in
Hiroshimal~% and the British report by
Cour t-Brown and Dol1? on leukemias among
ankylosing spondylities treated by large
doses of x-ray, have definitely established
a positive correlation between leukemia
incidence and irradiation. Animal experi-
mentation has shown that ionizing radiation
can produce neoplasms in almost any
tissue.B-9 The Hiroshima survivors are
unusual in having experienced a single
whole-body exposure, the actual dose vary-
ing according to distance from hypocenter
and shielding condition. Two previous
reports on the incidence of cancer in this
population have appeared: (1) Murphy and
Yasudal® found no difference in the inci-
dence of cancer of stomach between those
exposed within 2500 meters from the hypo-
center and the non-exposed; and (2) in a
death certificate analysis oholl demon-
strated an approximately 40 per cent higher
mortality among the survivors exposed with-
in Hiroshima Clty in comparison with the
non-irradiated. The present investigation
is desligned to correlate the incidence of
neoplasms among the Hiroshima A-bomb
survivors with the amount of radiation
received. The data used for this analysis
were obtained during the first 20 months of
operation of the Tumor Registry maintained
by the Hiroshima City Medical Assocliation.
Cases flooding the tumor reglistry at the
time of its commencement were carefully re-
viewed and approximately 100 registered
cases were discarded from the study because
diagnosis was made before May 1, 1957, the
official starting date.
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[1. HIROSHIMA TUMOR REGISTRY

To study the relation between malignant
neoplasms and radiation doses, the Hiro-
shima City Medical Association established
a community Tumor Reglistry with the
financial and technical assistance of the
Atomic Bomb Casualty Commission (ABCC) and
the Japanese National Institute of Health
(NIH), in accordance with a suggestion of
Dr. Robert H. Holmes, former Director of
ABCC. The Reglstry, which covers all of
Hiroshima City, began functioning on May 1,
1957, in compliance with a resolution
passed by the General Assembly of the
Hiroshima Cilty Medical Association onm
January 24, 1957. A research Committee on
Tumor Statistics was created within the
Association to manage the Registry. All
tumor cases, both malignant and benign,
diagnosed in hospitals or clinies within
Hiroshima City limits, are reported to the
Assoclation.
obtained from ABCC records which reflect
extensive field investigation of survivors
over a period of many years. The data,
therefore, provide basic information on the
ineidence and type of tumors in both the
exposed and the non-exposed segments of the
population of Hiroshima. Approximately
1750 cases of malignant neoplasms and 810
cases of benign tumors were registered in
the 20 months period.

I11. ACCURACY OF DIAGNOSIS

All registered cases were unduplicated
and checked agalnst the surgical pathology
and autopsy records of the Hiroshima
Hospital of the Japan Red Cross Society,
the Hiroshima Prefectural Hospital, the
Hiroshima Medical School, and ABCC. As
shown in Table 1, approximately 58 per cent
of the malignant neoplasms in both sexes
were confirmed by microscoplc examination
of tissues taken at blopsy or autopsy. The
cases diagnosed by clinical examination
alone and cases based only on death
certificates, have been considered "un-
confirmed"; they approximate 30 per cent of
the registered cases. The remainder
diagnosed by x-ray or surglcal operation
have been considered "confirmed®.

The history of exposure was -

I. GBEHEHTIEHEDOER
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TABLE 1

PERCENTAGE DISTRIBUTION
METHOD OF DIAGNOSIS AND BY SEX,

LW R, E L BA5E R &

OF REGISTERED CASES BY
MAY 1957 - DECEMBER 1958

19574 5 A — 1958121

Type and Site Total i Method of Diagnosis zjfmHik %
ot Neanliimn Number g |Clinical |X-ray|Operation |Biopsy i Eggi_:h " Autopsy
3 . ertificate
ST # AR | R BN | x| SRR mkamm| e | WERE
Males
Malignant Neoplasms| 409 100.0 4.6 11.7 3.2 41.8 26.2 12.5
WM
Benign Neoplasms 82 100.0 28.0 11.0 2.5 57.3 ' 1.2
ELYERR 4 4
Cancer of Stomach 203 100.0 3.4 16.8 4.4 34.5 30.1 10.8
R
Females
Malignant Neoplasms| 531 100.0 6.6 8.1 3.6 53.1 19.9 8.7
B EW
Benign Neoplasms 294 100.0 18.4 2 28.2 49.7 0.3 0.7
BIE#MEY
Cancer of Stomach 140 100.0 3.6 22.9 2.8 33.6 30.0 s [ |
B
Cancer of Uterus 111 166. 6 1.8 * 1.8 82.9 9.9 3.6
FEE
Cancer of Breast 47 100.0 2.1 - 2.1 87.3 6.4 2.1
FLo
Cancer of Ovary 20 100.0 15.4 . 15.4 53.8 7.7 1.7
S

Table 2 gives percentages according to
the method of diagnosis among the exposed
samples classified by distance from the
hypocenter. No remarkable differences were
observed among these samples.

To evaluate the unsupported elinieal
diagnoses, autopsy diagnoses made at ABCC
from 1948-59 were correlated with the
previous clinical diagnoses. Of 265
elinical diagnoses of cancer, 94 per cent
of 325 autopsy
768 per cent had been
This operation indicates
that the correlation is good and that
clinical diagnoses of malignancies are
reasonably reliable. Therefore, the
present analysis makes use of both con-
firmed and unconfirmed cases In the
Registry.

were confirmed at autopsy;
diagnoses of cancer,
so dliagnosed.

H2RIEBREOEE > 2W o HER &, B
Lih s BN I-EERTR LA BOMA,L
MRS L Aoz, B0 B
LA kE pHBEIBERE L.

ERRFAT R Iz L 22 WA EOREGEIR 2 »
22V TOBEE LT, 19484 » L 1959 Iz
ABCCTEBS N LRI R LERKRFR &
D E L TaKL, BEERMICEL ZH s/ 265
94 % HiR BEARE] & BRIR 20 & DT R A —F L
T, FRmREBRN I TESS N 3256%,
TCIHRKMIZEEZI S TV FlIX76% TH
27, Tabhb, BEFEDCEL TLEBRZ
LUl ) BRI b2 A. LR
FroxRE L UREM I s 2floiz P, B
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TABLE 2 PERCENTAGE DISTRIBUTION OF REGISTERED MALIGNANT NEOPLASMS ACCORDING TO DISTANCE FROM
HYPOCENTER BY METHOD OF DIAGNOSIS AND BY SEX, MAY 1957 - DECEMBER 1958

BWoOHERN, BLEASOERIESEEEE X

Distance from Hypocenter Total #t Method of piagnosis 2o bz %
in Neters Number g, |Clinical |X-ray |Operation|Biopsy Duientgh Autopsy
1L A 6 o B o ; i Certificate|

L % |mow| mren | x8 | sese Eesm|CCPUIToAte ) Lo by
500- 999 19 100.0 5.3 5.3 e 36.8 15.8 36.8
1000-1499 T 100.0 2.6 6.5 3:9 45.4 26.0 15.6
1500-1999 100 100.0 6.0 11.0 4.0 44.0 24.0 11.0
2000-2499 78 100.0 5.1 10.3 2.6 41.0 20.5 20.5

Includes cases that occurred among people living outside of the city. ifisflitk&mIElE 4 4 ¢ &

IV. THE INCIDENCE OF MALIGNANT NEOPLASMS N. EETCST3BRTEDEASE
IN HIROSHIMA CITY

The incidence of cancer obtained from the R BEOEGAM» S L IR B O BIEH
Registry was adjusted to the 1955 census of" ‘M BREZIGSENLBHADIZE, £42
population of Hiroshima, both sexes com- TELTRTEBIZOMBNTHS. KBOLD

oilned. For comparison, the rates in Miyagi i 2 O h %
_— J 5 — age
Prefecture, Japan, 13 in Connecticut State, 2K Connectient JH* 7 ¥ % IPeNNALEn

United Statesl? and in Copenhagen, Denmarkl5 HOBABRELEHRES ofRAFEL EILo ADIZHE,
were standardized to the same population; 4 HETELTERLE.
the results are shown in Table 3.

In Hiroshima City the incidence of EEHOBIEFHREDORE EZE L Connecticut
malignant neoplasms was almost the same as ¥ Copenhagen [ & A PH—DKEIZS ) ERE

in Connecticut and Copenhagen, and con- _
= i ST A i b
siderably higher than in Miyagi Prefecture, DRBELYPLPHETHOL. DI EhbIE

which supports the view that the Registry BHEOBEFIHBREOHEHORBEOKRITICHE

1s a valid tool Ffor studylng tumor in- k2 Z A bhor.
cidence in Hiroshima.

TABLE 3 ANNUAL NUMBERS OF MALIGNANT NEOPLASMS, ALL TYPES, PER 100,000 POPULATION
BY SEX IN VARIOUS AREAS IN THE WORLD;
RATES STANDARDIZED AGAINST 1955 HIROSHIMA POPULATION

HBHCSGSEHATEEERNEDELE AOWGH

Area Male Female
A ES w i
Hiroshima City, 1957 - 1958 150. 2 168.9
15 Byt .
Miyagi Prefecture, 1951 - 1952 125.3 116. 4
TR UL
Connecticut, 1947 - 1951 159.0 166.5
JI5FH o
Copenhagen, 1943 - 1547 144.1 160.9
IR =




V. CANCER INCIDENCE IN A-BOMB SURVIVORS

A. General

Alr dose curves and attenuation factors
for various shielding materials have been
estimated by physicists from experimental
data and from information on the bomb
composition and 1its helght at the time of
explosion.16 (aleulation of accurate
radiation doses for individual survivors
requires, in addition, detailed shielding
historles which at this time are not
sufficiently complete to permit calculation
on a scale sufficient to warrant their use
in this study. However, it is worthy of
mention that 90 per cent of the survivors
exposed within 2000 meters from the
hypocenter were in the open or in Japanese
wooden houses when the bomb exploded.

In view of the difficulties in estimating
the current population of the survivors, as
discussed in the latter part of this
report, rates were calculated not only for
the estimated current population of
Hiroshima City, 1957,*% but also for the
fixed sample used in the NIH-ABCC mortality
study (Master Sample).¥#u

-

V., BEFEHERECSIIENTEYERSE
A, HEBICOWVWT

WREE A ART-HMBEREFH TS 20I101
R F R A o 2 iR i AR &OERE ' o Bt
B RE EEAOBREEILETHS. BB
JRF R ZE h AR R AR & R E 0 B AR S
FRBII DV THREHEEZ L OTHL, DR
HELEFREOEES S UVBRBHORES LR 6,
HEFAITbNhES . LA LSO ER
HEHREOERMEE* PET LTVwE »27k0
CEEZHEREZHVIZ PR LD DR, 2
LA 52000m INO#ERE IOV TH B &9
%DOEOTPBNELIAEARBORTHIEL T
Bz EzERLTEL.

ZOREDHRDOEF TR L TH ML HE
EONOHGH A REE L 2 0 121957 FE BB EHEF A
¥ iz, ELTPHEEMETEABCC LY
WE L TEBT2HBEORGHAED - O ICERK
EhBZEAD* S BEEHED 2D FEEAD
ELTHERLA

*Individual shielding histories of persons exposed near the hypocenter are being systematically
collected by ABCC and will permit the use of radiation dose in future analyses.

*ABCCIHAEHMEB AR+ 0B WELHT P2 0T, FREELGREEL L TER T2 MK ST

&HH .

*#Estimated Current Population:

The survivor population of 1955 was estimated from the 1950

exposed population by age and sex, listed on the supplementary schedules of the Japanese National
Census, by applying the survival rate of the 9th Official Life Table and the hypocenter distance

distribution obtained from the ABCC Radiation Census,

1949.

sepimE AL BREOHEO N ICHH L AEMN0E T I AL LIBHSEESHBEEQFEREY 2 b2
Wiz hs HREADCEINEGTEOEFEREH O THN, ESBBRCHEL-ZEL 0 THE L. BRSO BN OHTE
(EEEHIZATE (2 ABCC AV EM L A WEERAROHME 24 H L THEFH L 2.

**¥*Master Sample:

joint study of mortality in the A-bomb survivors.
!l imited to those who were diagnosed by physicians in Hiroshima City.

in Hiroshima in 1950,

scattered throughout the country. Therefore,

the Master Sample is concentrated in Hiroshima City,

The Master Sample is a fixed sample used by the Jfapanese NIH and ABCC in their
Information on malignant neoplasms is of course

Having as its basis residence
but migrants have

use of the Master Sample leads to an underestimation

by the number of unreported cancer cases in persons who are no longer in the Registry area.
4% oA n AhOBEAD: AGHEOLLOON L TNV EELTHE SRR ELABCCHIEFETERETIHBED
GmREo LD CERSAZEEADTHS. HEDOBERIEEHORMIIL 2T sh D ICRoTw 5.

ZHIZHLTEEADO RSSO O RIEEHICEATVIF—HE T CItEFFIcmsEOT VNS,
EETMIEA T2 AOMERELBEELBE TRt vniY, BAERE
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LEdaTzhA



B. Incidence of All Neoplasms

Table 4 gives two different estimates of
the incidence of all malignant neoplasms by
distance from the hypocenter. Both methods
clearly demonstrate a relationship between
distance from the hypocenter and incidence.
The difference between the rates for
persons exposed at short distances from the
hypocenter, 1.e., within 1500 meters, and
for the non-exposed is highly significant
(P=< .01). The rate within 1000 meters
from the hypocenter is four times that of
the non-exposed. The incidence based on
the Master Sample is approximately 30 per
cent lower than that based on the current
population, but the same inverse corre-
lation between incidence and distance from
the hypocenter is manifest. 1In order to
exclude the influence of leukemia and
lymphoma, these cases were excluded and
ineldence recaleulated. The results remain
quite definite.

B. #BAOCHI I EMFLENERSE

LE2@8OANE7BL LAERBIZo0T
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TABLE 4 RELATION BETWEEN DISTANCE FROM HYPOCENTER AND INCIDENCE OF CANCER
ALL FORMS, AGE AND SEX ADJUSTED NUMBER OF NEOPLASMS PER 100,000
POPULATION, BOTH SEXES COMBINED, MAY 1, 1957 - DECEMBER 30, 1958

TEEREEDRAEE AOWFH

19574 5 H 1 H— 1958%12H 308

Distance . Number of Test
i Noters Population Cases Incidence Result t
BLErSOERE(m) Ao LE% max EniE
(A) Basglq {?Enkthe% fs-‘}uérent ngEp%l;ztion 500- 999 973 16 1287.1 *e
HEG a ELEEBRFE =
Total Naligeant Neoplasas 1000-1499 8,688 71 528.6 i
Sex and Age Combined 1500-1999 15, 318 91 392.6 *
LEMHEY (B4 2000-2499 13,915 68 297.3 N.S.
Non-irradiated| 202,727 464 280.5
IR H
500~ 999 973 13 1023.1 i
Ma]ig:ang Neopla:-s &xcluding 1000-1499 8,688 66 479.02 piad
TRENREIAE and louphoies 1500-1999 15, 318 89 380. 1 .
Aifiss YryXEEBRWAENEHEY 2000-2499 13,915 66 283.4 N.S.
(B3 Non-irradiated| 202,727 447 270.1
FEERS
500- 999 912 11 863.5
(8) Based on Master Sample 1000-1499 7,818 45 336.4
FaEasoltboBEAOSY _ 1500-1999 12, 385 59 274.0
SR E LEREE 2000-2499 11, 465 50 256.0
Note: "Non-irradiated persons" is defined as those who were more than 10,000 meters from

the hypocenter at time of bombing.

JE R H R, MO L D 10000 m BEIZ VAL DRV
fStatistical tests were made between each group of exposed and the non-irradiated persons by

using the confidence limits of the binominal distribution.

Results are coded as follows:

**Significant at the level of 1% *Significant at the level of 5% NS Not significant (P>.05)
HAMBEELERRE t BRSO T NGO EBREF LAV TT 24, ** 1 %0KBETHE NSES %0 Rtz

FREbohZuwItetzhEnryd.



C. Incidence by Sex

The incidence of all malignant neoplasms
among females exposed wilithin 1500 meters
1s higher than that for males. However,
tumor incidence is also higher among
females in the non-exposed portion of the
Hiroshima population. The ratios of the
exposed to the non-exposed rates are 1.9
for males and 2.0 for females, where the
exposed are confined to those under 1500
meters from the hypocenter at the bombing.
(Table 5)

TABLE 5

C. BHTENTBEREONRICLZE

BLOH A 51500m LNTHEBLEAIZDVT
BEFEDRBEEZEIICKBT L, EEHOD
HEBREOBEGLAULL K FRAZDHHBEF &
NEHpOL. 1500m UATERLEADEREES
FEBEORBELEGT AL, BFLIE K
Fr20i8iz5oTw3. (B5%)

ADJUSTED INCIDENCE OF THE TOTAL MALIGNANT NEOPLASMS BY SEX,
MAY 1, 1957 - DECEMBER 30, 1958.

BASED ON THE CURRENT POPULATION

144 7 BT AE A B 2 i A0 e
195745 H 1 H— 1958412 B30 H LB et AL 2 5B &+ 5

Exposure Male Female |Sex-ratio
4 £ % « &k
Irradiated within 1500 meters from hypocenter| 533.1 610.0 1.14
BLEIDBOmBATEREBLAEAAO z
Non-irradiated 274.3 306.3 1.12
kERE

0. Incidence of Malignant Neoplasms by
Site

A detailed analysis of the site-distri-
bution of malignant neoplasms is not
practicable on the basis of the limited
number of cases obtalned during the first
20 months since the Inltlation of the
Registry. Table 6 shows the number of
cases of cancer of selected sites observed
and expected among persons within 1500
meters from the hypocenter. The expected
numbers were caleulated by applylng to the
estimated sample of the exposed, the age
and sex specific incidence of neoplasms
observed for the non-exposed population in
Hiroshima. Statistical tests using the
Poisson distribution show significant
differences between observed and expected
cases of cancer of stomach and cancer of
lung at the one per cent level, while
differences in cancer of cervix uteri and
cancer of the ovary are significant at the
5 per cent level. (Table 8)

D. BEANCBRDL-ENTENTAE

BN EZ*EBL T, EL205yRE2%
T ELzV. LEF>THEEBIZIEIEEC LY
O THMIZEAB OB EDORBEZHIBRE
EHBMEBLICHITTHEY ST LT kL v,
Al 6 iZa 440 < L A2 51500m LA T
B LAEALIZoVT, Eoh DL oBEENRE
MoBNME S, MEEe2HBL L 2 HHFH
LA 5 1500m LNO#BALIZEBHIZE
HAEBBEEOE, FESEMNOEETEDRA
REBUTHELLLDOTHS. KTV 2H%
FRLTHRME B EoEzRET S L, S
hRE I 1 LT CFESRSH, WEEI5 %N
FTeEhThEHEETHOL. (HE6HEK)



TABLE 6

COMPARISON OF OBSERVED AND EXPECTED CASES OF MALIGNANT NEOPLASMS

OF SELECTED SITES AMONG INDIVIDUALS IN THE CURRENT CITY POPULATION
EXPOSED WITHIN 1500 METERS FROM THE HYPOCENTER, APRIL 1957 - DECEMBER 1958

1500m LAOERBE O TEESHT0BEFED O MEIE & HFH L okE
19584 19574 5 H —1958412A

Observed |[Expected |[Ratio [Test Result
BEE R g EZOME

Cancer of Stemach Sexes Combined 24 12.41 1.93 -
BE (B4
Cancer of Lung Sexes Combined 10 2.32 4.31 b
HE (Bi4d)
Cancer of Breast 5 2.49 2.00 N.S.
FTEHES
cancer of Cervix Uteri 8 3.67 2.18 *
£k
Cancer of Ovary 4 1.01 3.96 »
I0 4

N.S. Not Significant &g
*+ Significant at the level of 1%
* Significant at the level of 5¢

E. Age-specific Incidence of Cancer in
A-bomb Survivors

The log of incidence increases as a
linear function of age in both the exposed
within 1500 meters and the non-exposed as
shown in Figure 1. Excluding leukemias and
lymphomas, which are prevalent in the
younger age group and are definitely
increased by radiation, the ratio of the
exposed to the non-exposed incidence is
approximately the same for all age groups.
No speeific age group appears particularly
susceptible to the induction of neoplasms
by irradiation. (Figure 1)

F. Incidence of Benign Neoplasms

The incidence of benign neoplasms is
shown in Table 7 by distance from the
hypocenter. A significant difference 1is
observed between the rates for the exposed
within 1500 meters and the non-exposed.
However, an increased incidence of benign
neoplasms among the survivors eould not be
established, the number of benign neoplasms
available from the present study being far
too small for analysis according to site.

**xR21%0KETHE
*35%DKETHE

E. BRECSU3FSHEBINBETENREE

BIMEZRTM A ) 2TR L AEKE
MEDORARIHFERELHBI L ES L
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m@me) v xS &, B0 51500m LIA
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BRedFirLltvnk t2bbEBEOEBENR
EYRAEOMMOBFILESR2BELT—ET
HFOTHILMAAPOESEIZE LV E VW IBHRIZ
BELRLho%.
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FIGURE 1

INCIDENCE OF MALIGNANT NEOPLASMS BY AGE AND EXPOSURE STATUS
MAY 1, 1957 - DECEMBER 30, 1938 TUMOR REGISTRY, HIROSHIMA

ESRBHBENEDRWAE ADW0GX 19574 5H 1 B—1958%12A308
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TABLE 7

RUEFEMBER, AO1075K

ADJUSTED 20 MONTHS INCIDENCE OF ALL BENIGN NEOPLASMS (MAY 1957 -
DECEMBER 1958) PER 100,000 POPULATION, BASED ON THE CURRENT POPULATION

19574 5 A —1959412H

Distance from Hypocenter |popyyation |NUEDST Of |yncidence |Test Result
BLMASDEE (m) AO EM % AR E 1ot 5
500- 999 973 3 224. 6 N.S.
1000-1499 8,688 18 209. 17 -
1500-1999 15,318 21 136.1 N.S.
2000-2499 13,915 22 159.4 N. 8.
Non-irradiated 202, 721 279 121.7
HRBE

tstatistical test made between each group of exposed and non-irradiated
by using the confidence limits of the binomial distribution.

CHAEHOBEBENEBEOT, RERBFLEBRLOZEHHBN R LA

-

N.8. Not Significant =i

* gignificant at the level of 5% * (15 %O KETHE

YI. DISCUSSION

This analysis has demonstrated a higher
incidence of malignant neoplasms among
A-bomb survivors exposed near the hypo-
center. Murphy and YasudalO of the Atomic
Bomb Casualty Commission in Hiroshima,
reported that no increase in incidence in
stomach cancer among A-bomb survivors could
be demonstrated. It is suggested that
these researchers may have failed to detect
a significant difference in incidence
because of Insufficient sample size and an
inefficient grouping of distance from the
hypocen ter.

This analysis of Tumor Registry cases is
based on two kinds of population estimates:
a) the current population estimated from
the 1950 National Census by using the life
table survival rate in Japan and ignoring
migration; and b) a fixed sample selected
for the mortality study conducted by ABCC
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and Japanese National Institute of Health.
Since animal experiments have demonstrated
a life-span shortening in parallel radi-
ation dose, 16 over-estimation of the
surviving population under 1500 meters may
result from the use of 1life-table mortality
rate,9 with consequent underestimation of
the incidence of neoplasms in survivors
close to the hypocenter. The general
validity of the analysis based on the
current population seems confirmed by the
results in a fixed sample.

Since the initial mortality in 1945 was
so high the survivors located within 1000
meters of the hypocenter at the time of
bombing must have received doses ranging up
to the maximum tolerable dose for man. The
incidence of all malignant neoplasms 1n the
sample, some of whom were exposed to the
maximum sublethal dose by a single external
whole body irradiation, can be estimated
from the data collected by the Registry.
The annual incidence was found to, be
approximately 1200 per 100,000 which is
more than 4 times that of the non-exposed
population. The so-called "doubling dose"
for human cancer 1s observed at approxi-
ma tely 1300 meters from the hypocenter.
The equivalent air dose is approximately
400 rads,17 equal to or somewhat below the
LD,y for human beings.

Whether the carclinogenic effect of
radiation 1s a linear function of dose is
somewhat illuminated by this analysis. The
most recent ABCC analysis of leukemia
suggests that the incidence of leukemia
among A-bomb survivors in Hiroshima
increases as a linear function of apparent
radiation dose. The impression obtained
from the present analysis is that the
incidence of all malignant neoplasms
increases as a function of dose, ex-
ponential or linear, as shown in Figure 2.
The abscissa and ordinate in Figure 2
show incidence on a logarithmic scale
and the distance from the hypocenter
on an arithmetic scale respectively;
however, the latter 1is egquivalent to
radiation dose on a logrithmic scale.
If incidence increases as a linear function
of dose, the distance-specific incidence
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in Figure 2 also should be a straight line.

Further analysis on this point is necessary
to establish a definite conelusion, for the
series is still small and accurate shield-
ing information on each survivor is still
lacking.

The data of the Reglstry indicate that
the incidence of benign neoplasms among
survivors exposed within 1500 meters of
the hypocenter was 2.0 times that of the
non-exposed during the May 1957-December
1958 period.

Two alternative hypotheses concerning the
nature of the radiation effect have been
advanced in the literature. A true
carcinogenic effect has been postulated,
but an alternative explanation is that
radiation simply accelerates the appearance
of neoplasms without Increasing their
lifetime incidence. The data of the
Registry seem to support the hypothesis
that the increase is absolute, not a mere
shift in age-specific incidence. This
follows from the observation that the
age-specific rates of malignant neoplasms,
excluding leukemias and lymphomas, for
survivors exposed within 1560 meters, are
a constant multiple of the corresponding
rates for the non-exposed, and do not
reveal a mere shift to the younger ages.
However, this observation is based on the
present cross-sectlion study, and to
establish a definitive conclusion a longer
period of study seems necessary.

The apparent effect of radiation, as seen
in those exposed under 1500 meters,
differs by site and by type of malignancy.
This evidence suggests two alternative
hypotheses as to the occurrence of careci-
nogenic action by radiation: (1) specifiec
organs or tissues differ in their radio-
sensitivity; and (2) specific sites differ
as to time lag from exposure to the
development of tumor. These alternatives
cannot be Investigated with the short-term
data now available. The changes with time
in the incidence of tumors generally and of
the various organs individually, must be
elucidated through continued data col-
lection by the Registry.
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FIGURE 2
INCIDENCE OF ALL NEOPLASMS AMONG A-BOMB SURVIVORS, MAY 1,

1957-DECEMBER 30,

1958,

TUMOR REGISTRY, HIROSHIMA; AND INCIDENCE OF TOTAL LEUKEMIA AMONG RESIDENTS
IN HIROSHIMA CITY AT ONSET JANUARY 1950-DECEMBER 19574
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VII. SUMMARY

The 1957-58 incidence of neoplasms among
the survivors of the Hiroshima A-bomb,
varies directly with radiation dose insofar
as 1t may be inferred from distance from
the hypocenter at exposure. The incidence
of all malignant neoplasms among the
survivors who were within 1000 meters is
more than 4 times that of the non-exposed
population. The incidence of benign
neoplasms among the survivors exposed
within 1500 meters is also significantly
higher than that among the non-exposed.
For survivors under 1500 meters signifi-
cant differences are seen between the
numbers of observed cancers of the lung,
s tomach, uterus and ovary and the expected
cases calculated from the age-specific
rates of the non-exposed portion of the
Hiroshima population. The increased
incidence among survivors within 1500
meters 1s not related to sex or age.
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APPENDIX 1|
BisR I

The appendix gives the estimated population as of 1 October 1955 and the
number in the sample of the mortality survey which were used in the analysis
together with the number of cases diagnosed as either malignant or benign tumors
of these groups living in Hiroshima City from May 1957 to December 1958.

All the rates given in this report can be calculated from the following tables.

0F10H 1 HofEgt AO ¢, CEEO-DOF» TLEE,

& IR IcfER LA, B
SBABERAOBIIESTHAICEATVIAP G2 ch ER

chnlzxatie+ 2BMA3RES AL
FLUBEMEBEEEZRL .
AN THHLTVAERLS TCORE»LHELRIETHA.

TABLE 8 ESTIMATED NUMBER OF THE CURRENT POPULATION OF A-BOMB SURVIVORS IN HIROSHIMA CITY
1955 CLASSIFIED BY SEX, AGE-GROUP AND DISTANCE FROM HYPOCENTER

%, E4RER, BN 50EER ESHEFRMBIRENRIA D955

Distance from Hypocenter in Meters
Age 4 BLyo0ER (m)
0- 99| 500-999 | 1000-1499| 1500-1999 | 2000-2499
Male B
10-19 - 50 683 1509 1543
20~ 29 5 81 793 1579 790
30-39 1 41 346 573 448
40-49 T 70 523 797 735
50 = 59 ki 83 719 965 974
60-69 1 52 427 684 708
70-79 2 11 140 266 286
80-over)l | = 1 18 45 40
Total it 23 389 3649 6418 5524
Female 4

10-19 = 47 708 1465 1580
-2 10 208 1069 1891 1593
30-39 151 978 1548 1357
40-49 - 9 876 1511 1448
50-39 - 56 789 1348 1236
60-69 1 21 404 700 717
70-79 - 12 180 350 375
8p-overy] | a 4 35 87 85
Total @ 18 584 5039 8900 8391
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TABLE 9 NUMBER OF ALL MALIGNANT NEOPLASMS AMONG A-BOMB SURVIVORS IN HIROSHIMA CITY
MAY 1957 - DECEMBER 1958,
CLASSIFIED BY SEX, AGE-GROUP AND DISTANCE FROM HYPOCENTER

%, ¥4, BLRAPS0ERS, LETRFRERBREOM TR ZERFHYU
19574 5 § — 1958512

Distance from Hypocenter in Meters
Age & 4 BLieronHEE (m)
0- 499 | 500-999 | 1000-1499 | 1500-1999 | 2000-2499
Male ]

10-19 = e 1 = -
2-29 - - 1

30-39 . 2 = 1

40-49 » 1 1 ) § 3
50-59 - 2 6 11 5
60-69 ™ 3 14 18 15
70-79 = 3 12 7
go-overllk - - - - -
Total & 0 9 30 44 31

Female 4

10-19 - = & 1 -
20-29 = 1 o 1 1 -
0-39 1 1 4 5 3
40-49 - 2 5 3 &
50-59 = 2 13 16 10
60-69 =, 1 iz 11 10
70-79 - > 5 10 9
80-overilt - - 1 = 2
Total 3¢ 1 ki 41 47 38

TABLE 10 NUMBER OF MORTALITY SAMPLE CLASSIFIED BY AGE-GROUP
AND DISTANCE FROM HYPOCENTER, SEXES COMBINED

ESREGLBLE,SOEBNRCEES » 78 (BLEH)

Distance from Hypocenter in Meters
Age at 1955 WA 5 OME (m)

Fa 500-999 1000-1499 | 1500-1999 | 2000-2499
10-19 110 1310 2227 2552
20-29 221 1374 2538 1957
30-39 178 1032 1559 1341
40-49 134 1256 1834 1659
50=59 144 1428 1974 1768
60-69 85 902 1342 1277
70-79 34 418 703 697
so-over[] L 6 98 188 214
Total g 912 7818 12385 11465
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TABLE 11 NUMBER OF MALIGNANT NEOPLASMS DIAGNOSED AMONG THE MORTALITY SAMPLE
CLASSIFIED BY AGE-GROUP AND DISTANCE FROM HYPOCENTER, -
SEXES COMBINED, MAY 1957 - DECEMBER 1958

FCEEY 7LV TR e N ABSFEDY £4HE BLHEHIL0ERE, BX4E,
19575 5 H —19584E12H

Distance from Hypocenter in Meters
Age at 1955 BLAPS5OEE (m)

e 500-999 1000~ 1499 1500- 1999 2000 - 2499
10-19 & 1 1 -
20-29 * 1 2 -
30-39 1 2 2 1
40-49 3 1 2 10
50 - 59 5 17 20 9
60-69 1 13 19 21
70-79 1 6 13 B
80-over |l | - 1 = 1
Total gt s 45 59 50

TABLE 12 NUMBER OF ALL BENIGN NEOPLASMS AMONG A-BOMB SURVIVORS BY
DISTANCE FROM HYPOCENTER AND NON-EXPOSED POPULATION IN
HIROSHIMA CITY, MAY 1957 - DECEMBER 1958, SEXES COMBINED

RO A 5 o BERED L BT R B oM TRt s h i B EY
19574E 5 A — 1958412

Distance from Hypocenter in Meters
Age at 1955 Bl d 5 ONME (m) Non-exposed
B 500 -999 1000-1499 | 1500-1999 | 2000-2499 e ]
0-19 - 1 v - 38
20-2 - 2 4 1 24
30-39 = 6 6 4 58
40-49 6 5 4 67
50-59 = 5 6 49
60-69 1 3 1 5 33
70-79 1 = - : § 8
g80-overll - - - 1 2
Total Gt 3 18 21 22 279
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TABLE 13 NUMBER AND INCIDENCE OF MALIGNANT NEOPLASMS BY AGE AND EXPOSURE STATUS
PER 100,000 POPULATION MAY 1957 - DECEMBER 1958,
TUMOR REGISTRY, HIROSHIMA CITY

FoRRBBEREMREDE, BRIKRH,

19574 5 H —19584£12, L&

Exposed Between 500-1499 Meters

Non-exposed, Hiroshima

wRE, BLEA 5500 —1499m EBFiOERRE
Age at 1955|Population| All Malignant |Excluding Leukemias|Population
1955 Neoplasms and Lymphomas Cases|Incidence
2 BlEWED amm ey i ME RS

e AO Cases|Incidence| Cases | Incidence Ad # fia®

1955 4 Eax -4 weR
10-19 1488 1 67. 20 1 67. 20 53,736 11 20. 47
20-29 2151 3 139, 47 2 92.98 53, 412 22 41. 19
30-39 1516 5 329.82 4 263.85 43,008 57 132.53
40~ 49 1548 9 58 1. 40 T 452. 20 28, 528 115 403, 11
50-59 1647 23 1396. 48 22 1335. 76 13, 355 113 846. 13
60-69 910 30 3296. 70 28 3076.92 6,572 76 1156. 42
70-79 343 15 4373. 18 14 4081 63 3, 244 55 1695. 44
80-0:;; 58 1 1724. 14 1 1724. 14 ‘872 15 1720. 18
Toittal 9661 87 900. 53 79 817.72 202,727 464 228.88

TABLE 14 1955 CENSUS POPULATION OF HIROSHIMA CITY, SEXES COMBINED, WHICH WAS USED

Age Number Percentage
S % aa®
10-19 71,361 25,102
20-29 70,612 24.839
30-39 54,075 19.021
40-49 40,603 14, 283
30-39 25, 336 8.912
60-69 13,803 4.855
70-79 6,806 2. 394
g0-over ] b 1, 688 0.594
Total it 284, 284 100. 000
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