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Mortality from malignant neoplasms excluding leukemia, October 1950-September
1959, by city
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Observed and expected deaths from malignant neoplasms excluding leukemia, October
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Tumor registry incidence of malignant neoplasms excluding leukemia. 1957-59, age
and sex combined, by city
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Tumor registry age adjusted incidence of malignant neoplasms excluding leukemia,
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AL & O£ < BEHEEREENEY O FmiTIER A% (1957 -594) : K&, EH ...

Thyroid lesions ABCC autopsies, 1948-60, Hiroshima, by distance from hypocenter
ABCC oI ft L = FARIAZ (1948 —604F) : [Lf5, HisER

Thyroid surgical specimens, 1948-60, Hiroshima survivors 0-1999 m

HURNR O AR EREE A (1948 —604E ), 0 —1999m O BB E, B e,

Estimated atomic bomb survivors November 1945 and survivors resident in the
cities at 1950 National Census

194545 11 F HE 3R A7 4 B0 5 & UF1950 4[] 85 38 05 77 A K 00 B AR A 77 30 e

Estimated gamma and neutron air dose by distance from hypocenter Hiroshima
and Nagasaki

WLt 5 OB O N ¥ v -5 L U EF O PRER, RS B

10

12

12

13

14



CARCINOGENESIS IN HIROSHIMA AND NAGASAKI
LEBESSUVRIBICS T 2EEMER

Observations from ABCC-JNIH Pathology and Statistical Studies
ABCC — FHDIKRE - HEHABRELSDBE

INTRODUCTION

Studies in Hiroshima and Nagasaki of a possible
carcinogenic effect of radiation in survivors of the
atomic bombings are included in programs conducted
jointly by the Atomic Bomb Casualty Commission
(ABCC) and the Japanese National Institute of Health
(JNIH) with the collaboration of physicians and
medical organizations in both cities. In order to cope
with cpidemiologic problems that attend these, in
common with other studies of human populations,
ABCC-IJNIH programs are now oriented to the inten-
sive surveillance of health, morbidity, and mortality
principally in known, fixed cohorts ol the survivors.
The data reported here are derived from 3 inter-
related programs in Hiroshima and Nagasaki: the
JNIH-ABCC Life Span Study,! Tumor Registry
Studies,? and Joint ABCC-JNIH Pathology Studies.?

The population samples utilized in these studies
are defined along with summarizing pertinent
information concerning their exposure to ionizing

radiation.

METHOD

Definition of Populations for Study

Estimates of the numbers of civilians exposed to
the bombs, of the early mortality, and of the
numbers of survivors living in November 1945 are
given in a report of the Joint US-Japanese Commis-
sion? and are summarized in Table 1. Approximately

509 survival as of November 1945 was associated
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with exposure at about 1250 m from the hypocenter
in Hiroshima and at about 1350 m in Nagasaki.*
The early mortality was largely due to blast, burns,
or indirect trauma, frequently complicated by acute
radiation injury and infection. Of those located
2100+m 95% or more survived beyond the early
months.

Major differences between the cities are noted,
however, with respect to the numbers who survived
within the most proximal zones. Thus, in Hiroshima
some 79,000 persons, about 4095 of the total located
within 5000 m, were within a 2000 m perimeter. In
Nagasaki about 15,000 survivors, approximately 16%
of those within b000 m, were in a corresponding
2000 m zone. Some implications will be referred to
later regarding this difference, which is of course
related chiefly to the location of the hypocenter in
reference to the center of population in either city.

The estimates of Table 1 were made by Dr. M.
Maguyama of Tokyo University on a sampling basis
and do not provide a census of survivors. The first
listing of survivors adequate for long term studies of
late effects was made in 1950 through a supplement-
ary schedule of the Japanese National Census.
Figure 1illustrates a comparison of the earlier Joint
Commission estimates of survivors within 5000 m
of the hypocenters and those listed in the National
Census as residents of the cities in October 1950.
Survivors listed as present in the 2 cities in October
1950 were 98,000 in Hiroshima and 97,000 in Nagasaki,
reflecting among other possible factors high rates
of emigration from the bombed cities in 1945-50. Of
concern in the selection of population cohorts for
studies of late effects was the question, to which a
completely satisfactory answer will not be possible:
Was differential migration associated with different
health status of survivors? For purposes of long term
studies, the task of field investigation throughout
Japan was impracticable, so the sampling base for

various studies at ABCC has been survivor popula-
tions who resided in the cities at the time of the
1950 census. Of the 195,000 persons so defined, all but

about 200 have now been registered individually to

NAOEEER»SFHET A E, KETERLHAY S
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*The hypocenter {ground- nru\ is the point on earth directly over which the air-burst sccurred. Determination of the burstpoint over each city has heen described

by Arakawa and others.”

o (TS REARR LN TORATHS. BHORRENL 203 FihidArakawa FOREFCHRRELTHS. 5



TABLE 1 ESTIMATED POPULATIONS ATB AND SURVIVORS NOVEMBER 1945
BY CITY AND DISTANCE FROM HYPOCENTER

£ 1 FEBEFOHERIAD & BRAEFER (19454118 ) « &5 - BEREER

'.S;rvivors B TR A

Distance £f i m Population
A O MNumber ¥ a5
Hiroshima KB
0-499 6,230 220 3.5
500-999 24,950 4,240 17.0
1000-1499 45,270 21,910 48.4
1500-1999 67,900 53,030 78.1
2000-2499 30,600 29,100 95.1
2500-2999 30,600 29,770 97.3
3000-3999 29,400 28,660 97.5
4000-4999 20,310 20,090 98.9
Total & 255,260 187,020 73.3
Nagasaki i
0-999 30,900 3,580 11.6
1000-1499 14,320 6,950 48.5
1500-1999 6,550 4,690 71.6
2000-2499 6,800 6,360 93.5
2500-2999 21,160 20,720 97.9
3000-3999 25,000 24,700 98.8
4000-4999 30,000 29,790 99.3
5000+ but within eity limits 60,570 60,510 99.9
NOm LEOHAII AL @

Total # 195,300 157,300 80.5

determine location at the time of the bombings
(ATB), presence or absence of acute radiation
symptoms, occurrence of flash or other burns, place
of family registration, and the like. Eligibility for
major study samples at ABCC has generally been
restricted to persons ethnically native, and with
place of family registration in the cities or in
immediately adjacent areas.

Measurement of Radiation

Although it is not incontrovertible, evidence thus
far analyzed indicates that fallout and/or neutron-
induced radioactivity did not for most survivors add
significantly to the direct radiation dose of neutrons
and gamma rays from the bursts.® In the studies
reviewed here distance from the hypocenters of the
detonations has been used as a relative measure

B2z L i E AL 195,000 A3 B &7 200 A
ARve2RizonT, BIERFOMS, SMERARIE
Roflk, REHLZ20EZoo N E, FELEDH
HEEFETTA22LHFTEk. ABCCOEEMEIZHG
LAEMRE L TOERE HAANT S - TAEH AW
Mo ZORIESzssZEIZBsT V5.

BAHRE DRIE

BEA L vwh I Tiaud, KESoBmEE» 2
WraBETwehiEFic k5 kSR IL, WL
EERLshhEF ey —FogRizkmL T
HEIZZ S 2 WEEDRTHZ LENTVS. AR
HTE, LA 5 o IRl R EHENGHREOMBEN L



of this direct radiation. The applicability of this
measurement of relative exposure has been demon-
strated by Heyssel, Brill and others in relation to
leukemia incidence in survivors exposed within about
1500 m of the hypocenter in Hiroshima.? Neither
bomb was monitored for radiation yield. Investig-
ations, now partially completed, in cooperation
with Oak Ridge National Laboratory, permit the
estimation of individual dose in rad based on yields
of prototype weapons and air-attenuation curves
(Figure 2). These are designated TH7D, or tentative
1957 dose estimates.6.8

Detailed shielding investigations are nearing com-
pletion for a large majority of survivors located
0-1999 m from the hypocenters who are under study at
ABCC. Table 2 provides some tentative estimates of
average radiation dose at various distances from the
hypocenter in each city, based on 14,000 completed
shielding investigations and with neutron and gamma
doses added 1 to 1. Total body doses of 100-500. rad
are indicated for thousands of survivors exposed in
the range 1000-1399 m. The combined neutron-gamma
dose indicated in Table 2 is rather similar in both
cities over much of the range 0-1999 m. In either
city, the combined dose at 2000+ m was probably
less than 15 rad. An obvious question exists and
requires further evaluation concerning the indicated
dose of more than 1000 rad to several hundreds of
survivors exposed at 0-900 m.

Apart from uncertainties, possibly as large as a
factor of 2 in airdose estimates, and consequently
represented 1n Table 2, a further methodological
difficulty arises in relating radiation exposure to
cancer incidence. The amount of irradiation received
by each survivor depends on where he happened to
be at the critical moment, whether indoors or out ,
and if the former, in what kind of structure. Inves-
tigation discloses that the gradient of radiation dose
in each city is correlated with complex patterns of
difference in occupation, urban or rural origin, eco-
nomic status, and the like. These factors in turn
have their possible effect on the likelihood of cancer.
Such problems cannot be completely elucidated nor
eliminated from the ex post facio situation under
study.

58 L LTHv /., Heyssel, Brill ZiEEDOER L
M A 5 1500m LLA o #1845 o0 3 MU AR & 1At + 3
iz, ZOMBEEHEH TV E.T EH &N
PHREE LEZHRSEBEEIOLOEME ST v 4w,
B EE 4 OB SHEF T % 212 0ak Ridge National
Laboratory i L THEAFEHE L -HRT Lz
A, ZHhIxBoRBoESEHE, M2 12R L A%ED
e b LTHEH*ITL-TVE. ZOREE
TST#EH 5 VL1957 E B EHFRE L1208

FEAR L EAR I 0 - 199m OB S H O KE S
oW TIELAERT LTwA. 14,0000F0 e EE
DR SHEFH L LB L B OB 0> 5 0 R
EHERERSEFE N v —BE2 1108 TME T
FTELME20@0 Eh 5. BT ADL000-1399m 0 #
BEOREFHFRN - 2L WAL 100 - 500 rad
THa., RZIIRTMIPES Ly v—FEMZ -
WMEEABL, 0-199m THETHOMIZH T HEN
G, MimedthiEFE AN v -EiMa -HERE
2000m LETIZ15rad IF &4 4. 0 — 900 mo #i 4R
EHEHEHFVOD» oM Erad D ARBOBRE T F/~Z &
2%, ZhiZMHLPIZEBMTHY 25104 HKDB
AASHELERES .

ZEHRBROHEFEA 7T A - =4 + A OM HE Iz
PENVTEETHLZLIEHELTE, E208TF%
BORLELRAHBELORGERFT T A0 CERT
AEGIIE S ICHENRE S, BHBEOR 2RI
HREFICERICW A0, Bitlzuwhdicks ThE
CEAEh S, 3561, BRIIWABSEDOME N
MBIz 2s. HoRSHRROZ D LB - 78 - &
WIRESOWELZR - LOMIZBEF S22 LA b D
ofz. —J, ThooETHEREELLZALPOET
MigLTward Lhawv. BEOMEERKE 20
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FIGURE 2 ESTIMATED GAMMA AND NEUTRON AIR DOSE BY DISTANCE FROM HYPOCENTER
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TABLE 2 AVERAGE T57 DOSE ESTIMATE AND NUMBER OF SHIELDING STUDIES
BY CITY AND DISTANCE FROM HYPOCENTER
#2 TOSTFiE LERMEAL: 4 - IRER
Hiroshima L& Nagasaki £ i#
Distance 8 m T57Dose rad Shielding Studies T57Dose rad Shielding Studies
T S7HE it #4 it B TS5THE S i & EEH
800-899 1079 235 1218 19
900 -999 751.5 706 767.7 59
1000-1099 508.4 806 495.3 94
1100-1199 312.4 1025 344.3 253
1200-1299 210.8 1259 220.8 463
1300-1399 137.7 1282 154.3 463
1400-1499 91.32 12566 95.82 363
1500-1599 64.96 1005 65.02 563
1600-1699 48.34 824 46.47 590
1700-1799 29.35 535 32.24 570
1800-1899 20.11 464 21.26 603
1900-1999 13.79 242 14.30 680




ANALYSES AND DISCUSSION
Cancer Mortality, Life Span Study Population

The Life Span Study is a continuing survey of
mortality based on death certificates in a sample of
approximately 100,000 persons. The composition of
the sample, derived principally from the 1950 census,
is given in Table 3. It contains, in 2 separate groups,
all eligible survivors in the zone 0-18%99 m or in the
range 2000-2499 m and resident in the cities in
October 1950 Comparison groups, more distally
located or not present in either city are matched
by sex and single year of age to the 0-1999 m group.
A death certificate, showing the attending physician’s
statement of the underlying cause, as well as comp-
lications and associated conditions is available for
each death, and mortality follow-up is virtually
complete. Thus, the Life Span Study provides
complete accounting of mortality in a known, fixed
population group.

BT L EE
EGRATY Y TNICEBUAEETR

F A A LAY 100,000 AR XK S LTHT RIS
Y ETnTIECE S M T A MRAKETCHE. 2o
WED ;v TN KEEI21950F o HEBHAE » 5 il
L0 Th-TEDOERETRT LRI DENTSH S,
T, MHORFEZEEZEE 50 -199m &
2000 — 249m DX D 2B 520, WL Y
195010 It EELTw b0 Th b, I
i, SSHUEEBCMELAsoEliHICEELTY
S DTHST, MEZEROERBRA 0 -
199m P& —B+T2L512LTHE. FEEBIELE
ZWEORFEREIZM S 2 il A b b 2 A7[E R 12 A B 5E -
BEEH»Y, $LELALFR2CEEHEOBRY T
55, BT i, #ARACEEEoBEAOQER D
BEOL WFCELHET LI EHFTES,

TABLE 3 JNIH-ABCC LIFE SPAN STUDY SAMPLE BY CITY AND DISTANCE FROM HYPOCENTER
£3 TH-ABCCHa@MIEHS » 7 A - BRRER]

Component B 6% Hiroshima If; & Nagasaki & . Total 3t

In city or environs ATB RBRHAS 3 w@ER Iz LE0
0-1999m 21,329 6,801 28,130
2000-2499 m 11,524 5,144 16,668
2500-9999 m 21,275 6,742 28,017
Not in city or environs ATB HE#BEEHAN &S 3 vt 20,228 6,350 26,578

Rz b D

Total & 74,356 25,037 99,393

Table 4 lists, for the period 1950-59, the death
rates per 1000 attributed to malignancy other than
leukemia in the Life Span Study sample by sex,
age, and distance from the hypocenter. The number
of such deaths below age 40 is too small for analysis.
Among males in Hiroshima (Table 4), differences
are not impressive, nor are they statistically signifi-
cant. Some suggestion, not significant, of a lower
rate in those not in the city ATB is at present
attributed to certain nonrepresentative characteristics
of this group in relation to the other 3 comparison
groups.!

Beebe, Ishida, Jablon. !

1950 -S9EMBHFRES > 7 5B E LAAM
FLS o BIEESE 0 AD000 I+ 2 E L - £
- BOMA S DERER A B ER4IITTEDTH
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TABLE 4 MORTALITY FROM MALIGNANT NEOPLASMS EXCLUDING LEUKEMIA, RATE/1000
OCTOBER 1950-SEPTEMBER 1959, BY CITY

4 AMFEEOFCEBERERICE AT - BMilip 1950410H - 19594 9 H (1000 » »FELH)

Age at Observation Distance

m Not in City

Sex : . Testt
& AR 0-1399  1400-1999  2000-2499 25004 HAVERSEE e
Hiroshima L B
40-49 1.83 .95 1.10 61 1.13 NS
Male 50-59 4.07 4.20 4.04 3.70 2.15 NS
% 60-69 5.97 5.89 9.36 8.08 6.88 NS
70-79 13.37 15.23 15.19 11.09 9.09 NS
Total 3t 4.56 4.46 5.24 4.32 3.48 NS
40-49 2.05 1.25 1.46 1.40 1.15 NS
Female 50-59 4.08 2.73 3.05 1.89 1.73 .
X 60-69 6.60 2.98 3.56 4.55 4.75 *
70-79 9.73 5.75 4.54 6.03 6.17 NS
Total # 4.27 2.46 2.65 2.58 2.48 -
Nagasaki &I&
40-49 82 1.09 84 31 63 NS
Male 50-59 1.63 2.11 2.92 1.34 3.31 NS
# 60-69 10.70 5.45 8.32 8.17 4.36 NS
70-79 9.80 9.69 9.07 9.58 3.88 NS
Total # 4.12 3.18 4.00 3.26 2.74
40-49 2.22 78 2.25 NS
Female 50-59 3.59 - 2.75 2.61 1.92 NS
k 60-69 6.17 8.26 6.10 2.47 3.50 NS
70-79 5.92 7.91 9.72 4.48 : NS
Total 2.87 2.29 3.81 2.03 2.18 NS

tResult of test of significance of differences between groups located <1400 m and all other groups: N5 P=.05, *.01<P<.05, **P< .01

MmO EBH LEAOWOTEZNRESR

Among Hiroshima females, however, certain differ-
ences do appear: Statistically excessive mortality
is found in females located 0-1399 m; for all females
age 40 or more,and for 2 of the 4 subcells by age.

In Nagasaki, however, in neither sex is the rate
outstandingly high in the most closely located
survivors(Table 4). The highest rates in females are
found in the distance zone 2000-2499 m. A somewhat
more detailed examination of deaths due to malig-
nancy other than leukemia in Hiroshima females 1is
provided in Table 5. The number of expected deaths
is computed by applying the death rate by age group
for all survivors in the Life Span Study sample to
the number of observed years at risk for each dis-
tance class within the group. In every age class
beginning with age 40, observed deaths exceed those

EBOEKFCRECHEOELEL» CHETE L.
0 —1399m @ CHE L 240F L Lok FnIEC£
o PEMERE I ¢ SR T@, FREMIIZS L 4R
DHh2EBEEIIIHEHETH - 2.

CHEELTEB TR REERBEMBRE I Bt
LA IEVwEVIRREIBETE L &
(#£4). &FTit, 2000-2499m O IEEERE BRIz B
HORHEEHE T REBO® O H MR R <
MR E AR R X S IR T L S D T
b5, WFECHITERNO/S— ¥ - 4 X -8R
GEEY Y TVOEBBREFHE IHY S ERIIECE
FHNTTEHELEEOTH S, A0F L) O ERRRIC
SWnTASE, 0-139mTHBL~EZL DML HERIZ
e L A CHIEBERCEEDEZ . 2T ke
Wizt sk, REICHESE LAFECHRITIETH - THF



expected in persons located 0-1399m; and for all age
the 65 observed exceeds the 42.1
expected by about 509.

groups together,
The ratio of the squared
12.4; this expression
is not precisely a x* value, but may be conserva-

deviation to expectation is
tively so interpreted, giving a probability well
in 1000. Thus, there is little doubt the
discrepancy represents more than mere chance vari-

below 1

ation, but its meaning is not so easy to decide.

FUHO42.1L 0 H50% Z . HFH 0T HRo
$12.4TH 5. ZOBFIIHEEIZV I LXHE L LU
TRAEVY, OPLPDOX2 HEELZZ P TE
3. LM EEER L OES I 5HET1000
HILTFTTes. LEHF-T, ZOEHFBROTENIC
o T TTERLDEEZAZLIETERZL, LAL
ERELBICHREGOEBIIECLLDEERTADITE
1A 7,

TABLE 5 OBSERVED AND EXPECTED DEATHS FROM MALIGNANT NEOPLASMS EXCLUDING LEUKEMIA
OCTOBER 1950-SEPTEMBER 1959, HIROSHIMA FEMALES
#5 AMFEZzOFLEEHEHICLECE S X UBEE: HEXT, 19504108 —19594F 9 A
[duaduit Distance M m
Age 0-1399 1400.1999 ‘2000-2499 2500+
£ Deaths FEio# Deaths FELC#f Deaths FEC-# Deaths FET#
0 E 0 E 0 E 0 E
5-19 .21 0 - .54 b0 1 .75
20-29 1] .68 2 . 133 .95 3 2.03
30-39 3 2.20 4 4.84 5 3272, [ 7.25
40-49 11 7.74 16 18.55 15 14.85 26 26.86
50-59 20 12.86 30 28.85 26 22.36 31 42.93
60-69 18 11227 20 27.70 19 22.04 44 30.99
70-79 10 6.10 18 18.59 12 15.69 26 25.61
80+ 2 1.08 3 4.40 3 4.56 8 5.96
Total # 65* 42.14 93 104.80 80 84.66 145 151.38
5 0-Observed E-Expected
o O°E)T _1a4; <00l B &
E

In Table 6 neoplasms in Hiroshima females located
0-1399 m are shown individually for certain sites,
and observed and expected numbers are compared.
The expected values in Table 6 differ slightly from
those of Table b because age standardization was
employed in Table 5 but not in Table 6. The largest
contributions to the excess of about 20 neoplasms
in the 0-1399 m group are represented by stomach
cancer and cancer of the uterus, including cervix.
A small excess of respiratory system cancer com-
pletes the accounting; other sites do not contribute
to the excess.

Recognized problems with respect to the interpre-
tation of these data are:

Only fatal cancers come to notice;

ZEIZ0-139m THELALBEOXSOHEY
OBEN L AR A BEORMIZo VT L TR
L. ROOEFBRIIESIIRLALDEEELRY,
#5 TIHEMOTERT 4w, &6 TRIT
ZoTWwhwhkHThsd, 0-139m THEWLEHK
AR A0 RN S Twa, ER0F LIS
FEHSA2ELATERTHE. FREROEF T
RliESPYZuSF oMo cEBIBRETE LD

STV 3,

5 7.

Lo ROBERizovw Tk hknBELZEZEL L
FE L 65 o,
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Although nearly 50% of deaths in this Life Span
Study population that occur in the cities of Hiroshima
and Nagasaki now come to autopsy, the rate has not
always been this high; for the majority, cause of
death is known only from death certificates. Although
the death certificate diagnosis has been shown by
Stone and Anderson® to be reasonably satisfactory
if one is concerned only with the question of cancer
or not cancer, there are few if any specific primary
gites for which death certificates furnish a really
satisfactory basis for analysis;

The population base of 100,000, while so large as to
stretch ABCC's resources to the limit in compiling
complete mortality and other information, is fairly
small when questions are to be answered about
cancers of specific sites, with data collected over a

reasonable period of time.

WELRELEHOMT THGTHEOHRVIECED
N%IE < FHREEEZRZIT0EH, BARIZEVTIE
LT LEZo0BEDLIIZE L Lo TREES DR
IEFEC Wiz L5 2 4124 5. Stone & Anderson®
AEE LN, L LIRS THEZ A E ) PIZRA
i, ECEHHEOEEE S e 22D THS.
LU, RRED RSN & BT+ 5 72 12 IXSEC 2T

HOERAMHT AL IHETH 5.

100,000 A E R iz, SFECHROMEIZRN L,
ABCC #HREAE 2 f B & L TIER S A & 0.
—EMEPICED ZRES L OFIZ o v T R & R R
TEEHIZRIEIRETVETVZ 2,
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TABLE 6 OBSERVED AND EXPECTED DEATHS FROM SPECIFIED TYPES OF
MALIGNANT NEOPLASMS, OCTOBER 1950-SEPTEMBER 1959, HIROSHIMA FEMALES

#*6

B EWO MU ECE S & I E: KBXF, 19504 10H - 19594 9 A

Site 1 Distance i m
0-1399 1400-1999 2000-2499 2500 + Total 3t

All malignant neoplasms excluding leukemia 0 65 93 80 145 383
BMHEOECETOBENRES ... E 449 103.6 82.9 151.6 383.0
Stomach o} 26 7 19 52 134
B i s s R i e 1B BT 36.2 20.0 53.0 133.9
Other digestive organs 0 7 18 19 30 74
FOMOWIER nnisinarnasisnming B 8.7 20 16.0 29.3 74.0
Respiratory system 4] 4 4 3 6 17
R s S| | S (] 4.6 3.7 6.7 17.0
Breast 0 2 4 8 6 20
i T SRRSO | S ... 5.4 4.3 7.9 19.9
Uterus 0 18 19 20 32 89
B nmmmanisminwsimammssmmesases 100 24.1 19.3 35.2 £9.0
Residual class including endocrine organs (4] 4 7 4 11 26
PFHBEETTEOM i E 301 7.1 5.6 10.3 26.1
Person years at risk 78— ¥ ¥ 4 ¥ = .o 31553 72730 58208 106478 288969
0 —Ohserved E -- Expected

BREEM I8 #F 1R
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Cancer Incidence, Tumor Registry Studies

City-wide tumor registries were established in
Hiroshima in May 1957 and in Nagasaki in April
1958 by the respective city medical associations in
collaboration with ABCC and JNIH. Reports of tumors
are received from the practicing physicians of the
communities, and from the pathology departments
of various hospitals, the Hiroshima and Nagasaki
Medical and ABCC. Death
diagnoses are used in cases not otherwise identified.
Approximately 50% of reported cases are diagnosed
histologicaily, the

Schools, certificate

remainder by clinical means,

including x-ray diagnosis.

An initial analysis based on the first 20 months
of operation of the Hiroshima registry!? indicated
an increased reported incidence of malignancies in
survivors, both male and female, particularly in those
located 0-1499 m from the hypocenter. Problems
were identified, however, with respect to registration
of tumors diagnosed prior to commencement of the
program, and more particularly in defining the

precise  population from which the malignancies

derived.

Data presented here are based on an additional
12 months of operation of the Hiroshima registry and
on the first 36 months of registry operation in
Nagasaki. Neoplasms diagnosed prior to the beginning
and analyses
have been based on the more restricted, but known
Life Span Study population rather than total city

of the studies have been eliminated,

populations.

Table 7 shows crude incidence rates and age- and
sex-adjusted rates per 100,000 persons. The indicated
excess of malignancies in the 500-1499 m group in
Hiroshima is not so large as that previously reported
on a city-wide basis,!® but the gradient of incidence
with distance from hypocenter is statistically signif-
icant at the probability level of .01-.001. In Nagasaki,
with a considerably smaller number of collected
cases, variations with distance are not significant.
IFor reasons not understood, in Nagasaki the incidence
in the group not in the city particularly in males,
is significantly greater than in the other groups.

Table 8 demonstrates the sex ratio for reported

malignancies in Hiroshima for persons located

0-1499 m, and more distally located or not in the city
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ATB. Asin the Life Span Study, a female preponder-
ance is indicated. The collected cases are too few
for site-specific analysis, but as in the Life Span
Study data there is some indication of an excess of
carcinoma of the stomach, although not of the uterus.
Detailed comparison of Tumor Registry and Life
Span Study findings await collection of larger bodies
of data.

BYOTHE., BRaMHEORGLERU L TOREREN
Tl AETE L BT BHiIzILE
WiEREFEENICE L LW, HFH#EECIE TS LA
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TABLE 7 TUMOR REGISTRY INCIDENCE OF MALIGNANT NEOPLASMS EXCLUDING
LEUKEMIA, 1957-59, AGE AND SEX COMBINED, BY CITY

#7 F & o % ¢ BB SHEMERT Ed i B (1957 —594R) i - 1l
Incidence Distance  #i% m kD ey Total 3
___;éf—E-‘ﬁi 500-1499 1500-2499 ) 2500-9999 WAz R i
Hiroshima (32 months) L& (32% B)

Number #E # £ 79 183 151 120 533
Crude rate/ 100,000 978.1 829.2 773.4 625.1 774.0
1045 A 0 o M FE & # .~
Age and sex-adjusted rate 953.3 819.7 T58.6 650.1 774.0
I - 1R AT R A AR

Nagasaki (36 months) £ (36> B)
Number 4 ffl # 19 47 29 36 131
Crude rate/100,000 635.9 B608.1 475.5 697.1 596.0
05 A M 0 o L B
Age and sex-adjusted rate 846.4 667.1 600.0 915.2 735.4
B - flﬁr%lﬂi*ﬁ’:f&\fﬁ 4
Tests for significant gradient with distance of age and sex-adjusted rates: Hiroshima 5 8) © ¥ 21 =7.33  P: 0.01-0.001
- AT R R o R ER O ERE Nagasaki £ @ X2 -261 P: 0.2 -0.3

TABLE 8 TUMOR REGISTRY AGE ADJUSTED INCIDENCE OF MALIGNANT NEOPLASMS

EXCLUDING LEUKEMIA,

1957-59, HIROSHIMA, BY SEX

%8 HiH&oFEETHEETEYO FRiT ERAE (1957 -594) : KE, Ml
o N © Sex Rati
Distance m Male Female e;;_kta g Test
2 M 3 % M/F %100 HiE
0-1499 817.3 1029.8 79.4 <.01
1500-9999 786.1 782.8 100.4 NS
Not in City fiiNI1Z v & 'aﬁ“ 1_*”‘ 624 1 667.6 93.4 NS
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Pathology Studies of Thyroid Lesions

A third segment of information regarding carcino-
genesis derives from a review of thyroid lesions in
autopsy and surgical pathology materials in Hiro-
shima. For the period 1 January 1948 - 30 December
1960 thyroid material “was available in 1253 of a
total of 1530 adult autopsy cases examined at ABCC,
For the same period it has been possible to assemble
from all of the pathology departments in Hiroshima
a total of 342 surgical thyroid specimens representing
301 cases.

Table 9 summarizes those thyroid findings perti-
nent to present considerations in the autopsy series.
The occurrence of 7 thyroid carcinomas in 124
autopsies in individuals located 0-1399 m is impres-
sively high on an absolute basis. It represents nearly
a doubling of the expected number, 3.7, based on the
incidence in all autopsy cases. While the difference is
not significant, it is quite suggestive, P=.066. During
the period under consideration the autopsy series is
known to have been biased by selective procurement,
for example, in cases proximally located or clinically
This
latter would not seem to account for the excess of

diagnosed as leukemia or other malignancy.
thyroid carcinoma located
cases, however, since in 6 of the 7 cases, the thyroid
lesions were clinically occult.

among the proximally
In the other, a small
solitary thyroid nodule was known to have been
present for several years, but was not suspected as
This case as well as 2 others of the 7
were cases of leukemia,

malignant.
which may have been re-
sponsible for emphasison autopsy procurement and
which also raises the question of possible association
of radiation effects.

RIABRREOREZNMRE

BEEHICIMT 2 FZRE0EIFBE0Ln L LT,
TR O BLARE) & S FRHR B 0 BB 2 & RIS A &
AL 1948 1H1H A 51960812H30H £ T ABCC
AFERE L 7z B A o i B AR ) B E1535 T, 209 b
1253 1> TR AT 2 2 & T & 7=
A, (A BT T & 72 BRI o SEE 955 B A R
i, RRTOEBE»OERESGLETIN 0
BEPLGAMZETHS.

WERRRE O R A 5 BT E W FRIRO EL 2 B
BT A2ERIUCRTHBYTHS. 0 -139m THE L
EEOoVTERL L 124 OREER O 9 b BHIRR
OEETHT, ZhiEHO ERP 50, TERRIZZL,
ARG O 2> 5 E LCROMFH3T O

2fEIZIE WV, EEHEICELE S L0, HBEN.06T
HoTIOEHIFBRIZESTEUALELOTEVEDEE
WANBEETAH A, ZOMMIIE T A REELMIE, &

FHUE O FE M LTHRENIIR- T3 s vbh

TWva. 2 1F, EiRHEERERELEANIEDED,
BEMIZALAE 2 s o, Zoho Bk
e 2w ) T A AHEESATVS. &

%mmniﬁLﬁﬁmﬁﬁwﬁﬁbﬁﬂéﬂt$ﬁm
WO IR A 3ltixBEbhan, LaALL
e, THtp6 wmwﬁMm%az'mmrquw
BZLHFTELNSHITHA. ol TR, hES
AT U 72 BESES A KR I BE TR AR L T o AR L
FEIoAL, A, ZOWMOIEREEE, THdOLO
2HlERMUEE S 12, B TH - T RIS LR % 6
bAMIIAMKIIESFFw b rE Lhhwn. 2
DT EFER, REREFCHEE 2L 2EET
HhE Lhiw

TABLE & THYROID LESIONS ABCC AUTOPSIES, 1948-60, HIROSHIMA, BY

DISTANCE FROM HYPOCENTER
#9 ABCCofl L HWIKIRME (1948 -604) : L5, HEREER
Thyroid lesions Bk IR & Distanee lone, & Not in City
0-1399 1400-1999 2000-9999 HRHILVE H-E
Autopsies  F ¥ 124 188 397 544
Carcinoma  ## 7 3 12 15
Adenoma i Ml ETE R 9 7 18 15
Diffuse sclerosis unclassified #i8fETE L 2% 1 0
Focal atypical sclerosis 3 F 7 fE s (U f 4L 2 1 2

* Denotes observed numbers significantly in excess of expected values at the 5% level.

5%k THRBEHSMBEEAT CEBLTV S,

13



TABLE 10 THYROID SURGICAL SPECIMENS, 1948-60, HIROSHIMA SURVIVORS 0-1999m
#10 BIRIR DS EHREEEA (1948 -604E), 0 —-199m O BB H, KB

Thyroid lesions HiikigmME Digtance E @ Les Doz
0-1399 1400-1999 X2 P
Carcinoma OO I 4 6.37 012
Adenoma BRI oo B 10 1.66 =.05
Nodular goiter AEMTE R ... 8 11
Diffuse hyperplasia BgMERRE ... 0 2
Colloid goiter oo FERKEE .. 2 2
Hashimoto's goiter AR BIKMRER .. ... 1 2
Chrenic thyroiditis TERRER S ... 1 2
Other diagnosis T OMDEBE ... 3 2
Total #t 35 35
As seen in Table 9, a statistically significant FOIRTMLS, FEED L 0HAERIROBEEE

association with distance occurs in a small number
diffuse sclerosis of the
thyroid which could not be classified in the-usual
categories of thyroid disease.

of instances of unusual

For analysis of surgical thyroid specimens, it has
proved impossible to define a pertinent population
bage for the entire series or to evaluate the general
significance of identified cases in the face of the
known occult character of many thyroid lesions. In
Table 10, therefore, analysis has been made simply
of diagnoses in 70 of the total cases which fall into
2 groups, persons located 0-1399 m and those located
1400-1999 m. It happens that 35 thyroid lesions derive
from each group. In the most proximally located 15
of the 3b are classified as carcinoma, in contrast to
4 of 35 in the more distally located. Although the
number of cases is small,
ally
requires support for several assumptions; first that

the difference is statistic-
significant. Acceptance of biological significance
the clinical recognition of thyroid lesions is not
biased as between these 2 distance groups, and second,
that the likelihood of surgical intervention in nodules
suspected of malignancy 1s not similarly biased.
Some+ comfort for these assumptions is available
from the fact that an increased occurrence of thyroid
nodules in the most proximally located group has
been recognized in that segment of the Life Span
Study sample undergoing periodic clinical study at
ABCC,11 as well as from the circumstance that all
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persons located 0-1999 m are both legally and gene- BHEETHE. LaL, LLoBERCEELAFWY

rally regarded as“closely exposed”. However, the FhEHEID, HEVIRFIOMOMEE 2 3EF1:
possibility of there being bias related to these or

other confounding factors cannot at present, be

DUTRBEEDEZIATHIIRGERE T2 LA T

satisfactorily disproved. /AR
CONCLUSION B =%
In sum, data thus far analyzed are suggestive that CHETIRIFLALEEOEE G RIRE - At

a carcinogenic effect is apparent under the condi-
tions of radiation exposure that occurred in

MEHRIERAEL LOAMALAD L. 2 5MAIL

Hiroshima. The evidence does not yet demonstrate BEWOBER,SIBETIZLETE LD - . EF
such an effect in Nagasaki, possibly in part because DEEHREA DL, 207D AEOFHETILE
of limitations of the study methods in the smaller

: . . - - % 7 o 1 Fe s g S
population. The effect recognized in Hiroshima is MTxivaors Lhzw. RKBTHELERER
thus far small. Longer study is needed for more LWOOT, EEEEOME %12 % 0 WL, EE5

definitive evaluation of the magnitude of effect

and of questions of site-spectficity and dose-effect

BEFSMNS IR OMEGEEHBIT T 5 2B 1L,

relationships. ELICEMMIIhAEEs LY L T 5,

=
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