1| " ] 116k t e _L ]
EE s HEE =iy i
2ShEw = HEHE
= HE

T
IR
i

| %z _. i | e mﬁ
ﬂ.m.w HEE ww” _,.....nnr m HHE i ChEE : w._|\_\_u _7“
i i i .._.. N | e i :
: s _m i
BE -w:.ﬁ. : 1 Bilis) T
-
- lﬂmbfl 1.l.-|” F "I|

.”.l!; i
THEFT T
CLE
i)
i i
RiGsEEfiins
i
i

S
i
1]
01
o

e
I

L
i

iEa)

e
1
]'i
T

. PR T
[ E L i
H cHE
‘ e e
£ g e : L
HHE HERH L H
ENENREEE i T = i b R L H.im_...nl 4 E .If..“...aq
R Y Eatugt i ERE i e :
i R B i b
S B e : i :
a8 i .u.n,.w._._ﬂu SHEITE |.hﬂn .. i Bt _uum =i ._ B m i - i




TECHNICAL REPORT SERIES
X B R & B £

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory councils, and
affiliated government and private organizations. The Technical Report Series is in no way
intended to supplant regular journal publication.

ABCCEMHEHIL, ABCCOHAABLURASMMA, W, FHRE, B2 LR
MORGEEHHROERZIG L0 RBMBE L30T, LEWEBE IR L TEMNO
HERFLIRZLOTIE L .



TECHNICAL REPORT
24-68

¥ B W &5 T
Approved HEE 14 November 1968

CARCINOGENESIS IN ATOMIC BOMB SURVIVORS
FREBREFEICSTI2EESE

HIROSHI MAKI, M.D.'" A
TORANOSUKE ISHIMARU, M.D., M.P.H*" f L& Z 8
HIROO KATO, M.D., M.P.H*" 1 5 B2 ke
TOSHIRO WAKABAYASHI, M.D R BR

Au:ﬁcc

ATOMIC BOMB CASUALTY COMMISSION

HIRDSHIMA AND MAGASAKI, JAPAN

A Cooperative Research Agency of

U.8.A NATIONAL ACADEMY OF SCIENCES . NATIONAL. RESEARCH COUNCIL
and

JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE

with funds provided by
1.8, 4 ATOMIC ENERGY COMMISSION
JAPAKESE NATIONAL INSTITUTE OF HEALTH
U.5.4. PUBLIC HEALTH SERVICE

E B # T W ¥ F B =
Ly LR
*E g L - ¥ & ® LN BB TN S E R RN
Eo B KM OE KN RN

REEFOIERS, WEHELFHEHERRT S L RSN ERORRRIZEL S

Associate Divector, ABCC and Director, Hivoshima Branch Laboratory, Japanese National Institute of Health!;
and ABCC Department of Statistics?

ABCC TV v — b F 4L 78— I UBRNLTHHEREMNLRSENE ! 45 UIZABCC HitHh*®
tHiroshima Branch Laboratory, Japanese National Institute of Health
[E] 3 F B AL BR R i s B Ay



CONTENTS

B X
Introduction T B conssamisesemssssnesnpsssasass sossmsasane aessnasanss smns snesnnasn oM R R 1
Mortality Study  FEL A TE e e 1
Morbidity Study TBRIIED (iiiaimminams s amaios it s it casiaisiasessasioneb s T St s s i 4
Discussion B BE et e R e s A s sns s T ]
Summary T T v A T 0 O S 559 A SO AP 7
References B R s T T o i S S RO O P 12

Table 1. Extended Life Span Study sample by radiation (T 65) Dose

2. Accuracy of underlying cause of death

FECREHF LM EALEREBOTFEEDETEM i i s 3

Figure 1. Observed/expected deaths assigned to cancer in the Life Span Study sample, 1950-66
[ DL ABETECH S MBFECHE . oLk, #a@Es > T, BRI -4 e 8

2. Observed/expected autopsy cancer cases in the Life Span Study sample 1961-66
BRI L A BEIECHEMERECHE o, BadEY L T, s -aE 8

3. Thyroid carcinoma rate/1000 in the Adult Health Study sample 1964-65

AR EREASREEICH T S FRME 0 ERE (ADLW000% ), B340 9
4. Breast cancer rate/1000 in the Adult Health Study sample 1950-66

R ABEHEE T R E S A IS O RS (A TIL0005 ), BAFIZ5 — 4L 9
5. Observed/expected lung cancer cases in the Adult Health Study sample 1950-66

WARERESREH CE TSN ORTH & HFS E o, BRI -4 e, 10
6. Incidence of definite or probable leukemia among atomic bomb survivors in the master sample 1950-66

AR AT ORBERE CH T ARHEEE AR IEHE0 QMB o REERE, 5 - 44§ 10
7. Relative risk of definite or probable leukemia among atomic bomb survivors in the master sample 1950-66

TR AR M 12 A s SR AT DR EIR S D B B BT E & 2 BT o (i o B Y

i) R e MR S e —— 11

8. Relative risk of definite or probable leukemia among atomic bomb survivors in the master sample by type
1950-66

FRRIE A s AR ARG OB HEE T B AR WEE E 222 EWE QMo Ry ek,
| 11



ACKNOWLEDGMENT
BHOZ &

The data for this report have been extracted from the reports presented at the 30 th Meeting
of the Japanese Society of Hygiene, 30 th Meeting of the Japan Haematological Society, the
5th Cancer Therapy Convention, and from ABCC Technical Reports. Appreciation is ex-
pressed to the various research and medical care institutions in the two cities which have
kindly made available valuable basic data for the conduet of these studies.

CORERZOERIIEIMNH A EFS, FB0RHANEES, $5EBHBEECHEL
EHEABCCERME L LTHRPOER P BBELELOTEE. ZhonREDE
Mizh D AERLTEREENOBRSEL ZHAHTOSHETEERBEN 2 LEHO KL &
+ 3.

A paper based on this report was presented at the 9 th Meeting of the Research Society for
the Late Effects of the Atomic Bombs, 13 October 1968, Hiroshima
AT ML, MABEORBEERT CHMES A8 nFERERENESI IS TSR

=i 3



CARCINOGENESIS IN ATOMIC BOMB SURVIVORS
BREEBEEGFECHTIERE

INTRODUCTION

It is generally accepted that radiation is an important
factor in carcinogenesis, but much remains unknown, such
as the mechanism of radiation in carcinogenesis and the
relationship of radiation dose and carcinogenesis.

In order to elucidate these unknown points study of car-
cinogenesis in the survivors of the atomic bomb is very
important. This study should make important contributions
not only in shedding more light on the question of car-
cinogenesis as a late effect of exposure to atomic bomb
radiation but also in providing a scientific basis for the
need of preventing radiation effects in the peaceful use of
radiation and atomic energy for which there is an increasing
demand in industry, science and medicine.

JNIH and ABCC have made a number of joint studies to
determine the late effectz of atomic bomb exposure. In
regard to cancer mortality and morbidity, a study is under
way concerning the relationship between radiation dose
and carcinogenesis on the basis of the tentative doses
recently ‘estimated for the survivors. The mortality data
is obtained from the study of cause of death in the JNIH-
ABCC Life Span S'cucly1 of survivors conducted since
1950 and from the Pathology Studies” based on autopsy
material on the deceased. Morbidity data are derived from
the ABCC Leukemia Registr‘\-‘ld and from the ABCC-JNIH
Adult Health S‘cud_‘,'4 through regular physical examinations
and laboratory tests.

The gamma and neutron exposure dose has been computed
for each survivor on the basis of the tentative 1965 air
dose estimates (T65D) and the individual shielding con-
ﬁgurattion.r1 The dose has not been calculated for those
exposed under heavy shielding within conecrete buildings
and air raid shelters because a suitable method of esti-
mation has not yet been developed.

MORTALITY STUDY

This study is made on a fixed population of approximately
100,000 subjects selected from among the exposed survivors
of Hiroshima and Nagasaki who were registered in the
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supplementary schedules of the 1950 National Census,
that is, the survey of survivors of the atomic bomb, and
the nonexposed or those who were not in the city at the
time of the bomb (ATB) check is
made on this population for confirmation of survival status.

Every year a koseki*

For deaths the cause of death is checked and further
efforts are made for autopsy procurement in order to
confirm the cause of death. The autopsy rate is approxi-
mately 40%. First, the results on the relation between
A-bomb exposure and cancer mortality obtained from the
mortality data will be reported.ﬁ

Table 1 shows the Life Span Study sample by total exposure
dose. The survivors number approximately 82,000, and

the dose has been computed for all except about 3800 (5%).

To study the relationship between cancer mortality and
atomic bomb exposure, it is first necessary to check the
accuracy of the causes of death given in the death
certificates. Table 2 shows the confirmation rate of
cause of death by postmortem examination for the autopsied
cases. The confirmation rate is high for all canée;s,
stomach cancer, uterine cancer, lung cancer, and leukemia,
and hence the death certificates giving these diagnoses
are highly reliable, but the confirmation rate is about 50%
for cancers of the liver and biliary duct, cancer of the
pancreas, and cancer of the large bowel, indicating that

the death certificates are poor for those diagnoses.

Within the Life Span Study sample there were 2387 deaths
from cancer during the 16-year period 1950-66. Figure 1
shows the relationship between the total gamma and
neutron dose and cancer mortality for Hiroshima and
Nagasaki combined. Subjects are divided into four groups
according to total exposure dose, namely under 10rad,
10-39rad, 40-179rad, and 180rad or more, shown on
the horizontal axis, and the ratio of the observed deaths
to the sex and age-corrected expected deaths of each
This ratio is
The

figure shows for the five selected cancers by sex the

group is presented on the longitudinal axis.
plotted by the median value of each dose group.

changes in the risk of cancer death according to dose.

It has been reconfirmed that in both sexes risk of leukemia
mortality increases markedly with increase of dose. Also,
in both sexes for all sites excluding leukemia, a slight
trend is noted for the risk to increase with increase in
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the local office of custody of the records.

(i)

The official family registration system is based on a permanent address (honsekil Changes in address and vital events must be reported to
The record itself is the koseki, the office of custody is the koseki-ka.



TABLE 1 EXTENDED LIFE SPAN STUDY SAMPLE BY RADIATION (T65) DOSE

#1 MEBBBMENGSFALT LY

~T65D (rad) Subjects % % & 8
Exposure status -
L Range Median Hiroshima Nagasaki

i [ th e o £
Exposed 0-9 ] 43732 11350
L 10-39 17 9622 3145
40179 75 5076 2484
180+ 250 1603 1468
Not estimated # i & 1901 1890
Naot in city Early entry FHIAHH 3712 814
LR Late entry  #MAM# 16497 5530
Total # 8 82143 26681

TABLE 2 ACCURACY OF UNDERLYING CAUSE OF DEATH

#2 FEURETEICIOEM S h A RESE SR o IF R

Site ”Confirmation rate
ik 5 B p2 5
All cancer W s s 91%
Stomach | [— 83
Uterus, cervix. T8, BE Y. covipmminiasmaiiimg 81
Lung fifi ........ 76
Leukemia B . 73
Large bowel &M . 53
Pancreas R o N 52
Liver, biliary tract BF & & U e 40

dose. This increment is attributable chiefly to the increase
of gastric cancer and lung cancer. Some, for example
uterine cancer, show hardly any effect of exposure. A
detailed study of the relationship between cancer and dose
by site shows a relationship to dose in some instances.
For example, for gastric cancer a significant relationship
was noted only in the females of Hiroshima, and for lung
cancer a significant relationship only in the males of the
two cities.

A study was made on the 1576 cases autopsied during
1961-65 within the same study sample. As shown in
Figure 2 similar to the aforementioned results of analysis
based on death certificates, a trend for higher maortality
was noted for gastric cancer (females) and lung cancer
{both sexes) in the high dose group, but this is not statisti-
cally significant. No significant relationship is noted
between exposure dose and mortality due to cancers of
the liver and biliary ducts and uterine cancer. Cancers

of the urinary system such as cancer of the urinary bladder

B4, Bl BmBETRECO risk PN LTVE4E
MARHLNL. ZhlddE iz, B LSRR
ALTwa. FEEOLILHBOBELADI L 0L
ME b7z, FMIZENROESGEEOMESL AL &,
HamicHREoMRBEsRE AL AE, HET
2, BEOZFZATIZ, AMECEmRENBF LTI,
R R S AR ME RS SR

FlLEELS RO T, 1961 - 656 M o & RFI1576 A 12>
WTEE LA, H2IitRT L9, BidoiEC B
T AR SRR, KTOWEE, g (BLsd)
HEMEOBICHECHEMNMLTwaBEmA SRS 055,
B Ic AR T, e L UEE R, FEfick
BIEC L HHRRE S OB, HEOMERBD LAY
V. FAEBEBERCHYL LT, BRAgHIoVTA



and cancers of the lymphatic and hematopoietic systems
such as malignant lymphoma, as observed for both sexes
combined because of the small number of such deaths
involved, show higher mortality in the high dose group.

MORBIDITY STUDY

Detailed results have been presented elsewhere on thyroid
cancer, breast cancer.® and lung cancer’ in which
radiation effects were noted in recent studies made on
the relationship of cancer morbidity and exposure dose
using the Adult Health Study sample. These data will be
briefly summarized here.

The Adult Health Study sample is a subsample of approx-
mately 20,000 for Hiroshima and Nagasaki Cities combined
which has been selected from the Life Span Study sample.
However, as this study, commenced in 1958, has been
continued for only about 10 years, it has its weakness
for the study of cancer because of the small size of the
sample and the short period of observation. However, it
also has advantages because a large volume of detailed
medical data is available through regular examinatierfs
conducted over the past 10 years, such as histories of
diseases after A-bomb exposure, abundant clinical and
laboratory data, and epidemiological data on various
environmental factors other than A-bomb exposure. In
this study population a study not possible with the Life
Span Study on the relationship between A-bomb exposure
and cancers of high survival rate can be conducted.

Thyroid Cancer From earlier examination data it is
well known that prevalence of thyroid cancer in the proxi-
mal exposed is significantly high.!" Among the approxi-
mately 13,000 subjects examined at ABCC during 1964-65,
39 subjects (Hiroshima 25, Nagasaki 14) were found to
have thyroid cancer or to have newly developed the
malignancy. Figure 3 shows the relationship between
total exposure dose and occurrence of thyroid cancer as
observed using these data. For females, the risk of thyroid
cancer presents a statistically significant increase with
increase in dose for those within 2000 m from the hypocenter
ATB. A similar trend is observed for males, but because
of the limited number of cases it is not so evident as for
females.

Further, recent investigation of thyroid carcinoma on the
autopsy series in the Life Span Study sample in Hiroshima
and Nagasaki has revealed a high incidence of thyroid
carcinoma especially of the occult-sclerosing type.'!
Studies are in progress to determine whether this is
related to radiation.
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Breast Cancer Of the 12,000 female subjects of the Adult
Health Study in Hiroshima and Nagasaki, 29 breast cancer
patients were observed during 1950.66. As seen in
Figure 4, the incidence rate of breast cancer by total dose
shows a definite increase with increase in exposure dose.

Lung Cancer Figure 5 shows the relationship between
lung cancer in the Adult Health Study population and
exposure dose based on the 1950-66 data. In this sample
66 lung cancer cases were confirmed. The ratio of the
observed number of cases to the expected number was
compared by dose. A trend was noted for the risk of
lung cancer to increase with increase in exposure dose,
By sex, the same trend was noted for males, but for
females, perhaps due to the fact that the cases totaled
only 18, the trend was not definite. Study was also made
to determine the relationship between smoking habit, a
factor besides radiation considered to elevate the risk of
lung cancer, and radiation exposure to lung cancer inci-
dence. It was noted that both smoking and radiation tended
to increase the risk of lung cancer. However, because the
number was limited detailed studies should be made in the
future.

Leukemia Registry Lastly, results of analysis will be
briefly presented on the leukemia cases recorded up to
the end of June 1967 in the Leukemia Registry conducted
by ABCC in the two cities.!*'* Since leukemia is a
disease of low incidence, the relationship between leukemia
incidence and total exposure dose was studied using the
Master Sample, the largest fixed sample at ABCC as
denominator.

Figure 6 shows by city the total exposure doses and the
average annual incidence rate of all leukemias during the
past 16 years. In Hiroshima a trend is noted for leukemia
incidence to increase consistently with increase in dose.
However, in Nagasaki, while incidence increased with
dose as in Hiroshima for the group exposed to 100 rad or
more, no increase was noted under 100rad. The same
trend is noted even when corrected for sex, age ATB,
and yearly attrition of the sample due to illness or death.

Figure 7 shows the relative risk for Hiroshima and
Nagasaki Cities by the ratio of the observed number to
the expected number corrected for sex and yearly attrition
of the sample. The data were divided into three dose
groups, under 5 rad, 599 rad, and 100 rad or more, because
a finer division would make the number of cases in each
group extremely small. In both cities in the high dose group
of 100 rad or more the risk was markedly high in the
voung age group as compared with the old age group.
At the low dose level, such a trend, though not so marked,
was observed only in Hiroshima.
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Figure 8 shows by city the relative risk of leukemia
classified into acute and chronic leukemia, by comparing
the ratio of the observed number to the expected number
by dose. In survivors exposed to 100rad or more the
risk of acute and chronic leukemia is increased in both
cities. However, in the low dose level under 100rad,
while a significant increase in risk is noted in Hiroshima,
especially of chronic leukemia, such a trend is not noted
in Nagasaki.

It would be difficult to draw a definite conclusion by
making further classification of the data and conducting
analysis of the various factors because the sample number
would become small for comparison of the individual factors.
Summarizing these results on the dose response of leukemia,
a marked increase in leukemia risk is noted in the survivors
of both cities for exposure doses of 100rad or more, but
for those exposed to low doses of under 100 rad, a differ-
ence was observed in the dose response between Hiroshima
and Nagasaki. This is also evident by type of leukemia.

There is a difference in the sample size between the two
cities and further qualitative difference in atomic bpmb
radiation exists. Radiation was comprised of gamma and
neutron rays in Hiroshima while it was mostly gamma
rays in Nagasaki. Is the difference in dose response due
to the fact that neutrons do not have the same biological
effects as gamma rays or is it due to error in the estimated
exposure dose! There is an evident need for careful
analysis of data in the future.

DISCUSSION

Further with reference to cancers other than those
mentioned here, a study is under way for reviewing all
medical data accumulated during the past 20 years with
regard to exposure dose and risk of cancer for cancer
cases in the extended Life Span Study sample for which
detailed exposure data are available. Already data are
under analysis on malignant lymphoma, thyroid cancer,
cancer of the liver, bile ducts, and multiple tumors.
Research protocols for more detailed studies on gastric
cancer, lung cancer, breast cancer, and urinary bladder
cancer are being prepared or have been proposed to
determine the relationship of factors other than atomic
bomh exposure to carcinogenesis. For example, how are
other environmental factors and radiation exposure related
to carcinogenesis, such as smoking to lung cancer and
sociological factors to gastric cancer?

Our studies on the relationship of atomic bomb exposure
and carcinogenesis have just begun with much vet unknown;
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for example, difference in the cancer risk due to the quali-
tative and quantitative differences in gamma rays and
neutron rays between the Hiroshima and Nagasaki bombs
and the question of latent period for radiation induced
cancers. Increase in leukemia was first noted after atomic
bomb exposure, followed by increased risk of thyroid cancer,
breast cancer, and lung cancer, and therefore the incidence
of cancers of other sites may be increased in the future.
Much needs to be clarified through future studies, including
the question of disappearance time of carcinogenic effects
in atomic bomb survivors., Our studies have many restric-
tions but in order to provide answers to these unsolved
questions it is to be desired, for instance, that all local
institutes of research and medical care strongly support the
Tumor Registry conducted by the Medical Associations of
Hiroshima and Nagasaki Cities for accumulation of more
accurate information on cancer.

SUMMARY

The results obtained to date from the various joint studies
being conducted by ABCC and the Japanese WNational
Institute of Health to determine the late effects of atomic
bomb exposure are summarized with reference to the
relationship between ionizing radiation from the bomb and
carcinogenesis.

A review is made of the results of studies concerning
exposure dose and carcinogenesis on the basis of the
newly estimated tentative exposure dose (T65D) and on
two types of research data, i.e., cancer mortality data and
cancer morbidity data. The mortality data were obtained
from the study of cause of death in the Life Span Study
and from the Pathology Studies based on autopsy material,
and the morbidity data from the Leukemia Registry and
the Adult Health Study based on clinical studies. The
problems and the methodology for clarifying the unsolved
questions concerning the relationship between carcino-
genesis and atomic bomb exposure are also discussed.

OFRBHIMIIET B e PETFRO B RNEN
AN ZOBRBOEF WL DR IET RS RATREER
Ll THERINIEOBRMOME, ¥4bb, &
ZUFHBHIBREMoSE CEVE S P Ao BT
maEh, >nTHIKER, FUE, WEO risk OB ML
BoohkrIlE, 4EZOMOSLOBTLHEEOR
MABWEESIH»E kv, F/H, EEBREDSL O
EORBOHEEHIOVWTOMELE, 4EOMEL
FrhiEtshnionsgn. bhbhoEIZIZE <
DEIFIA S ZH, ZNLERBREOMB 2 RHET 5 L2
i, ZE2iE, BB - EMHTHOERMEZ T2 -Tw3
ML IZ2 T, TXTOMHITORTLE - [RFHEREHE D
LB AT AV, KFVERLZBOERZER LTV
LAEEh 5.

ABCC L[EL TR# A MEN AR TIT % - T 2 5
HEBEOBMEIIDVWTOZBBOWMR» 6, HIEBIZLSE
MEMSTIREBREELOMBRIZo VT, HAEETIZHBEL
REERICOWTHRIELE.

FllzES W ATED Y EHE L, HaREOIEHN
HEHBER I ETCREFNRE, 5 LFECTHEH,
L5 I HTEOREMAAE R & & LR MBS
AMFEE D 5 OO BHEER O 2 Mo FEREEE H
v, BEIRESHRE B REEOMROBERII oL TREZ
Ty, bbtd TEHESE LHEBLEOMEIZOVTORE
FOMBEEMAT I b0 BRER BRIV THlk,



Observed/Expected
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FIGURE 1 OBSERVED/EXPECTED DEATHS ASSIGNED TO CANCER IN THE JNIH-ABCC
LIFE SPAN STUDY SAMPLE BY T65D, HIROSHIMA & NAGASAKI 1950-66

T ek Al, K& - R &F,

20 ALL SITES (EXCEPT [ EUKEMIA)
SE(EAEHERK)

1 -6’—'/;’

72 169 115 47 M B
| 657 196 118 41 F &

BN E R R

- [

: -

=

: Bz
g

=

$#

=

2p CERVIX & UTERUS
FE
[
1P
gLng 39 19 5
L L . 1 1 L 1
1 100 200
TRED -
T 658 it £

FECRHBWEOBIIL IWRTEIRCH EHBFECH L O, T - ABCC RGBS » 70

fEn2s — 414

LEUKEMIA
H 17
6 10 11 23
[ 13 12
i STOMACH
LR ]
380 87 56 17
L245 66 43 i3
L Il 1 il L 1 1
0 100 200 300 rad
T&sD
T Gt

Ttatics - number of cases for each dose group 4 # Y » 7HONF - LVREITBOHBEH

FIGURE 2 OBSERVED/EXPECTED AUTOPSY CANCER CASES IN THE JNIH-ABCC LIFE SPAN STUDY
SAMPLE BY T 65D, HIROSHIMA & NAGASAKI 1961-66
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FIGURE 3 THYROID CARCINOMA RATE/1000 IN THE ABCC-JNIH ADULT HEALTH STUDY SAMPLE
BY SEX & T65D, HIROSHIMA & NAGASAKI 1964-65
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FIGURE 4 BREAST CANCER RATE/1000 IN THE ABCC-JNIH ADULT HEALTH STUDY SAMPLE
BY T65D, HIROSHIMA & NAGASAKI 1950-66

4 ABCC — TRl ABEMTEN ST Z w0 37803 ERE (A D10004)
T e, K5 - i, Bf125 - 414

40 - g

Rate/1000
(Z-HDO =) e

Not-in-city 0-39 40-89 90+ rad
il AR O
TE5D
T 6o i



FIGURE 5 OBSERVED /EXPECTED LUNG CANCER CASES IN THE ABCC-JNIH ADULT HEALTH
STUDY SAMPLE BY T 65D, HIROSHIMA & NAGASAKI 1950-66
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FIGURE 6 INCIDENCE OF DEFINITE OR FROBABLE LEUKEMIA AMONG ATOMIC BOMB SURVIVORS
IN THE MASTER SAMPLE BY T 65D AND CITY, 1950-66
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FIGURE 7 RELATIVE RISK OF DEFINITE OR PROBABLE LEUKEMIA AMONG ATOMIC BOMB

FIGURE 8 RELATIVE RISK OF DEFINITE OR PROBABLE LEUKEMIA AMONG ATOMIC BOMB

T63D in rad

T65D in rad

Teo# Bt (rad )

T 6o B ( rad )

SURVIVORS IN THE MASTER SAMPLE BY AGE ATB, T65D AND CITY, 1950-66

E7 MAEAGOFEBREBRECSTABNMEET AGIZIFEEOHNMTEO
FEAT A e % e PEMRRE SR MG - T 653R AN, EEAI25 — 414
L L] T T T L} L L)
HIROSHIMA It 8 NAGASAKI g u§
<5 }f 6/17.2 Age ATB <15
599 P 741 LR A
100+ 5/0.6 ~ Age ATB <15
<5 ¥77 R B
5.09
100+ 7/0.8
<5 Age ATB 15.39
5.99 AR S
100+ 15/1.3 o
<5 8/12.0 Age ATB 15+
5.09 1/4.1 R
i 8/2.0
<5 17/27.0 Age ATBE 40+ 100
A S
599 ] 12/9.0
100+ 8/1.0
L ' A 1 L 1 L L L L
0 20 40 60 0 20 40

Relative Risk
HE A I fix P

Italics - observed/expected 4 % U 5 7 ko BE - W d / MEIH B

SURVIVORS IN THE MASTER SAMPLE BY TYPE, T65D AND CITY, 1950-66

(e #HAEEAhoFEBERS CHITIRNEES LRI EOA LA
e A . T e iting, mif2s - 414
T L] L] 1] Ll T L LJ L) ¥
HIROSHIMA =5 NAGASAKI feay
<5 23/43.4 10/16.3
5-19 4/7.4 Acnte Leukemia 1/3.5 Acute Leukemia
bRua=hug- B B
20-24 6/3.4 /1.1
50-99 3714 0/1.0

100+

<5

5.19
20-24
H0.99
100+

2922

%
W 4/0.9 0/0.2

Relative Risk
A o ' i B e

Itatics- observed/expected 4 # » 703y - WED /HER

11




w

10.

12.

13.

REFERENCES
£

. ISHIDA M, BEEBE GW: Research plan for joint JNIH-ABCC Study of Life Span of A-bomb Survivors. ABCC TR 4.59

(B AL T PEfr R W9 AT & ABCC kM okiEd 2 HBRBER G CE T 2 REEH)

. Research plan for joint ABCC-IJNIH Pathology Studies in Hiroshima and Nagasaki. ABCC TR 12.62

(BB & R 51 5 ABCC & (83 F U & FFZE A 4 £ [ © EM+ 3 WEF MBI B+ 3 FELEH)

. FINCH SC, HRUBEC Z, et al: Detection of leukemia and related disorders, Hiroshima and Nagasaki. Research Plan. ABCC TR 5-65

(Bl £ CEDEE B 0IED. S - 2 FREESE)

Research plan for joint ABCCJJNIH Adult Health Study in Hiroshima and Nagasaki. ABCC TR 11-62

(EEE & VRIS TS ABCC EELFRIEEMERP KR TERET 2 MARBERAE NS 2 MiReEE)

MILTON RC, SHOHOJI T: Tentative 1965 dose (T65D) estimation for A-bomb survivors, Hiroshima and Nagasaki. ABCC TR 1-68
(R ETFHEOI960E Y E#&HE (TE5D ) OoHEE, LB - B

BEEBE GW, KATO H, LAND CE: JNIH-ABCC Life Span Study, Hiroshima and Nagasaki. Report 5. Mortality and radiation dose,

October 1950-September 1966, In preparation for ABCC TR

[ T6F - ABCC #an ¥, N5 - Z6. Fo#. FECH L Mstmi)

WOOD JW, TAMAGAKI H, et al: Thyroid carcinoma in atomic bomb survivers. ABCC TR 468
(THERE R H 128 1 2 RIS, BB - BiF)

WANEBO CK, JOHNSON KG, et al: Breast cancer after exposure to the atomic bomb, Hiroshima and Nagasaki. New Eng J Med 279:
667-71, 1963; ABCC TR 1367

(IR G - B dpIol 4 1R 1 o0 LA )

WANEBO CK, JOHNSON KG, et al: Lung cancer and exposure to atomic bomb radiation, Hiroshima and Nagasaki. ABCC TR 1267
(Ble & B & B TR )

HOLLINGSWORTH DR, HAMILTON HB, et al: ABCC-INIH Adult Health Study, Hiroshima, 1958-59, Thyroid disease. Medicine 42:
47.71, 1963; ABCC TR 4-62

{ABCC — Tifn ABRRERE T, 1K, 1958 — 594, HIKIREE)

. SAMPSON RJ, KEY CR, et al: Thyroid carcinoma in autopsy cases, Hiroshima and Nagasaki. Proceedings of the Japanese Cancer Associ-

ation, The 27th Annual Meeting, Tokyo, 1964

(BldRM 2 & 6 N 2 HIRME. RE - B, HEESEFLEFH. BONEREE, HR, 1964F)

ICHIMARU M: Leukemia in atomic bomb survivors Nagasaki. Symposium, 30th Annual Meeting of Japan Hematology Society, Tokushima,
1964

(BEWoEBERE st sa0nMHE. AV ya,. BARMFEENEERES. B, 1964F)

HOSHINO T: Statistical Study for incidence of leukemia related to exposure to radiation. Symposium, 30th Annual Meeting of Japan

Hematology Society, Tokushima, 1964
(FAHE R 5 2 AONFBOHE OBFONE. >y RY D4, BIORBALEESERES. BE, 1964F)

12



