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BREAST CANCER IN THE ABCC-JNIH ADULT HEALTH STUDY
ABCC—-FHRARERAELSTREICS T 3 3./&E

HIROSHIMA —NAGASAKI, 1950-66
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INTRODUCTION

Only recently has carcinoma of the breast been included
in the broadening spectrum of neoplasms associated with
ionizing radiation. In 1948, Lorenz reported the experi-
mental induction of mammary cancer in mice following
long-term, whole-body, gamma irradiation.! From their
large-scale experiments on the late effects of atomic
radiation on LAF | mice, Furth et al (1959),% and Upton
et al (1960)3 reported a threefold increase, with earlier
appearance, in mammary carcinoma (normally rare in that
strain) following a single whole-body exposure; there
seemed to be some reduction in the incidence of mammary
sarcomas. Breast cancer has also followed the use of
thorium dioxide in mammography.* In 1965, MacKenzie
reported a significantly increased incidence of breast
cancer in women who underwent multiple fluoroscopic
examinations during the treatment of pulmonary tubercu-
losis by closed pneumothorax.® In a 10-year period, 13
cases of breast cancer developed among 271 women so
treated, in contrast to one case among 510 women with
tuberculosis who were not treated by artificial pneumo-
thorax.

These findings made it imperative that a thorough
investigation be made on the relationship between radiation
and the incidence of breast cancer among survivors of the
Hiroshima and Nagasaki atomic bombs. If such arelation-
ship exists, it should be more easily detectable in these
survivors than in any other known population for several
reasons. [First, the whole body was exposed to atomic
radiation, and the breast, being a superficial gland of
large volume, may have received a large amount of
radiation relative to more protected organs. Second,
breast cancer in the Japanese is not a common form of
cancer, and thus if a relatively small number of cases
were caused by radiation the increased incidence would be
more noticeable than in more common forms of cancer.
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More than 20 years have elapsed since the Hiroshima
and Nagasaki atomic bombs, and it would be reasonable
to expect that any carcinogenic effect referable to the
breast should have begun to appear within this interval.
The study reported here was made to investigate any
such effect utilizing a defined sample of atomic bomb
survivors and others who have been examined at ABCC
in Hiroshima and Nagasaki.

METHODS

Sample The ABCC-JNIH Adult Health Study sample
includes 12,003 female survivors and others carefully
chosen from among those resident in Hiroshima and
Nagasaki in 1950. By 1958, when the clinical exami-
nations for the sample began, 10,357 were alive and still
resident in Hiroshima and Nagasaki; approximately 98 %
have subsequently been examined at least once. The
biennial examinations include an interview, a complete
physical examination, an electrocardiogram, a chest
Xeray film, and various laboratory procedures. The
female patient wears a simple gown, and the breasts are
examined routinely. Her status as to exposure to atomic
radiation is generally unknown to the examining physician.
Unlike leukemia and thyroid cancer, breast cancer has
hitherto received no special emphasis in the ABCC
program.

Ascertainment of Cases Although it was clear that the
risk of breast cancer could be effectively studied only in
women who had actually been examined at ABCC, efforts
at ascertainment, begun in 1965, were directed at the
entire sample of 12,003 women over the period 1950-66.
The sources of information on cancer are as follows for
this sample:

Death Certificate Special arrangements with Japanese
authorities and unusual characteristics of the Japanese
system of vital statistics® insure complete ascertainment
of mortality; for breast cancer, reported deaths are few
but accurately reported on the death certificate, 7

Autopsy Examination at ABCC  Autopsy examinations
have been performed on the sample since 1950. During
195060, the autopsy rate was 9% and varied with the
amount of radiation received. 8.9 In 1961-62 the autopsy
rate rose to 47 %, where it has remained and, concomi-
tantly, the bias decreased and by 1963 had all but
disappeared, 7-10

Surgical Pathology Examination at ABCC Beginning in
1949 in Hiroshima and 1951 in Nagasaki the Department
of Pathology has provided consultation to physicians in
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the community. About 5000 biopsy or surgical specimens
are examined annually of which approximately 9%
pertain to subjects in the Adult Health Study sample.

Tumor Registries were organized by the city medical
associations in Hiroshima in 1957, and in Nagasaki in
1958, in cooperation with ABCC. For all sites, about
502 of the tumors registered in both cities in 1957-5911
were histologically proven. For genitourinary organs,
including the female breast, the proportion was higher,
about 75 %,

Examinations at ABCC Examination of the sample began
in Hiroshima in July 1958 and in Nagasaki in November
1958, There is very little variation in the participation
rate in relation to the history of exposure to the atomic
bomb. For example, in the first examination cycle in
Hiroshima, examinations were completed for 85 % of the
women exposed within 2000 m who reported major acute
radiation symptoms, 82% of the remainder within
2000m, 83 % of those beyond 3000 m, and 79% of those
not in the city at the time of the bomb (ATB). 12

The numbers listed in each of the major indices at ABCC,
and the yield of each, are as follows:

DEMBEFRZ ZENBERL2GEREL T v % 2,
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EiTshi, 1957 —S9FEOMItEFTEE s N~
NT O AL DFEE " O #50% F RSz B s h
Twd., ZHNAFBE*ECEHERB LML T ZoHE
BEEILM/HITS%BTH - 7=

ABCCICH I 28R HRELZOVTOMBIE,
19584 7 BICIL BT, 1958411 H 12 R T ts = 1
2. EREBRBCLIZRROBFEFLALEDS
Mo, HEZE, BB ICHTA25 1 B
IZ2VnTWwAE, 2000m N THBL, EE4 2
WS BAERE 2 L 2 ME?m85%, 2000m L) P T
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Source Listed Accepted for Study
TR B VAL WA =
Autopsy diagnoses BIMERBHT oo, 5 5
Index to clinical diagnoses — BEFRFZMF oo 23 16
Surgical pathology diagnoses SFFHGHIZBHT 25 23
Death certificates FECRUTH ... 10 10
Local tumor registry HeohEAS B SR 21 17
Total (excluding duplicates) & ¥ (% f2 < ) 45 31

For two additional cases, making the total 33, the medical
records show “mastectomy” and “breast mass.” The
biennial physical examination at ABCC, with referral for
biopsy examination of suspected cases, brought most of
the cases to light.

For each of these 45 persons suspected of having breast
cancer an attempt was made to collect all extant infor-
mation that would clarify the diagnosis as well as the
onset and course of the disease. Again, much of the infor-
mation was obtained from the ABCC files but many
physicians in the community cooperated in making available
for review their own clinical records, X-ray films, and
histologic material. The review established 27 definite
cases of hreast carcinoma on the basis of the pathologist's
interpretation of the histologic material. Six additional
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cases for which no histologic material was available were
retained as possible cases. Two of these possible cases
developed recognizable breast cancer prior to 1945 and
are excluded from the analysis.

Since the detection of breast cancer rests primarily upon
physical examination and referral of suspicious cases for
biopsy examination, the most valid material consists of the
subsample of 10,142 women who were examined at least
once in the Adult Health Study, among whom 22 definite
and 3 possible cases were found. Since ascertainment
was in some instances made at a second or subsequent
examination, and not all women were examined repeatedly,
estimation of a true prevalence would seem to have little
practical value. Instead, a relative risk of cancer was
estimated as the ratio of all cases ascertained to the
total examined once or more between 1958-66.

Estimation of Radiation Dose Recent changes in the
estimated air-dose curves, 1# especially for Hiroshima, and
improved methods of evaluating the attenuation produced
by various shielding configurations, have led to a new(T65D)
system of estimating individual dose. For the 31 definite
and possible cases with onset after 1945, adequate
estimates of the radiation immediately received ATB are
available for all but 4 whose shielding was so heavy that
reliable estimates cannot yet be made.

RESULTS

This search revealed 31 women in the Adult Health
Study who had developed cancer of the breast after
1945. The 31 cases are listed in Table 1 by Master
File (MF) number, exposure status (ground distance from
the hypocenters and total rad dose), age ATB, age at
onset of breast cancer, onset in relation to menopause,
laterality of the tumor, and histologic type. Nine of the
31 had their onset during 1946-57, and 22 between 1958-66.

Relation to Radiation Satisfactory dose estimates cannot
vet be made for four women, two in each city, whose
proximity to the hypocenter might have exposed them to
substantial amounts of radiation, but whose shielding
configuration, e.g., reinforced concrete building or crowded
metal streetcar, makes it impossible to know, at this time,
what proportion of the air dose each actually received. If
these four, for whom estimates cannot be made, be set
aside, then 12 of the remaining 27 definite and possible
cases were in women with 90 rad or more. If attention is
restricted to the 25 cases among 10,142 women examined
at least once in the Adult Health Study, for two of whom
dose could not be estimated, the ratio is 11/23. Since
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TABLE | WOMEN WITH BREAST CANCER EXAMINED IN ABCC-JNIH ADULT HEALTH STUDY
#1  ABCC — T Al A fi i 3 Lo msE

s -
AT

_— . Radiation # B # fit . Age s T Onset in Relation . .
LR SR T ATB Gl CRAGHA Sl HiEmlogiE e
#umpn Distance  Total Dos BB g PEMASRE EAOH @
m R F
Hiroshima Definite [ 8 & i 5 5 65|
F 1141 148 25 46 Peri F4% 61 L Ductal MM 7L % 4
not-in-city : 49 65 Post FAAE 1 R & Ductal 3 i 1% 9L %
f RSy
1 1215 96 22 39 Pre P& R & Ductal & {91 L5 45
1430 31 39 49 Post A& M % R & *Ductal R ILE R
1350 heavy shield 21 39 Pre PR &F A R # Comedo i1 i ki #
38 i
not-in-city - 48 66 Post PA#E 0% L % Ductal 7201 715 4
G
1152 118 44 52 Post P& % L. & Comedo # MM i a4
1392 35 49 60 Post PFA#EMA% R & Ductal i1 H
1053 225 52 67 Post [ 1 1% R & Ductal il 4 FL% %
3420 0 44 64 Post [¥$% 18 {% L. % Ductal  #% 3L5F 4
1322 55 14 34 Pre 143 0 50 R & Ductal i1 FL
799 799 16 32 Pre B # i L & Comedo #i¥E i Fafs
760 heavy shield 13 29 Pre A& HERT L & Ductal 2491 FL4 4%
i 32 ik
3050 0 26 38 Peri F#EH06T R # Ductal & M: $L5%
3430 0 60 78 Post £ R & Ductal #8919 48
973 364 23 40 Pre A& I0AT L & Ductal 8 i #2055 4
1281 86 26 40 Pre A/ I %2 Ductal 33 14 $L4F £
not-in-city . 38 51 Post [l % L % Ductal @il M FLAT 46
AT EH
Hiroshima Possible [ 8 0 & Bf 7 5 5
1133 128 45 54 Post [ #% 1A % L &
Nagasaki Definite %8 0 & Wi i 5 5
1104 567 21 39 Pre [ £ 0 iiir R & Ductal  #2i 1k FL4 48
1951 18 26 47 Peri £ R # Comedo @il 14 ko
1377 157 30 49 Pre  PA&E A0 L & Ductal
3190 0 46 56 Post 1 #8 ) 7% R & Ductal 5
1453 heavy shield 38 51 Peri [ #2 H6 L & Lobular JE i 14 - 5€ 48
8 A%
§ 1615 heavy shield 55 70 Post AR L & *Ductal #0121 5F 1
@ i S e
’ 1734 34 13 34 Pre RN L %  Ductal #MHELTS
; 1233 305 37 51 Pre A 0 A L & Colloid B hE 4
1216 343 27 33 Pre P& M L: ¥& *Ductal  #f8#E 3L 4 %
Nagasaki Possible £ I8 0 52 W 4~ 3 =
1906 21 27 47 ? L. &
1138 431 51 54 Post [ £201% R &

1522 116 53 59 7 ?

¥ 240340 had a secondary primary adenocarcinoma in the lung. 083218 & 099819 had a second primary papillary carcinoma of the thyroid.
24034012 12 2 KB SEAERGRR S A7 - 2. 083218 & & UF099819 (2 (+ 2 R 3614 FLIAIE FRARARAE 20 b — /-



TABLE 2 OBSERVED AND EXPECTED BREAST CANCER IN WOMEN EXAMINED IN THE ABCC-JNIH
ADULT HEALTH STUDY 1958-66 BY ESTIMATED TOTAL RADIATION DOSE (T65D)

F2 MAREEECTED L AL B S I OB & WEE, 1958—66%
HEE KSR (T65D ) B
Breast Cancer L4
Tof?l Dose ENuml_:)erd Definite Definite plus Possible
s it ;;;;"; 15 Wi 0 BT B 5 & Al 1A
rad Observed Expected Observed Expected
WEm I 74 fill. R JUREai
Not-in-city M P 7E# 2458 2 5.4 2 6.1
0-9 3082 3 6.5 3 7.3
10-39 1262 4 2.3 b 3.0
40-89 857 2 1.8 2 2.0
90-199 802 4 1.7 5 2.0
200+ 841 5 2.0 6 2.3
Unknown A8 840 2 1.9 2 2.3
Total &t 10142 22 22.0 25 25.0

only about 17.7% of all the women in the examined
sample are estimated to have been exposed to doses of
90+ rad, the ratios 12/27 and 11/23 are quite high. Also,
the study sample is constructed so that women not in the
city ATB comprise exactly one-fourth and are age-matched
to the most heavily exposed (within 2000 m ATB and
reported such major acute radiation symptoms as epilation),
and yet among those with breast cancer the observed
ratios of women not in the city to the total are only 3/31
and 2/25.
Table 2 provides an analysis of prevalence in terms of

For the women examined once or more,

observed and expected values, and separately for definite
and for definite plus possible cases. If tests are made on
the basis of the largest number of groups one can establish
with at least five expected cases in each, then for those
not in city ATB, exposed to 0-39rad, and exposed to
40+rad, X2?=8.1, and P =.01, for definite cases, and
X2%=10.2, P=.01, for definite plus possible cases. If a
test is performed on the most heavily exposed (90+rad) vs
all others, X% for the definite cases is about 8.0, and
P<.01; for definite plus possible cases the probability is
even smaller.

Incidence Since 16 of the definite cases were found
only on a second or subsequent examination, it is possible
to approximate incidence in the 1958-66 interval. In all,
9358 women not found to have breast cancer on first
examination were examined subsequently, with an average
interval of 5.23 years between their first and last
examination. The incidence of breast cancer in these
9358 women is about 3.3 cases per 10,000 person-years

of observation.
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P=.01Tho/., MEMEICHBRLAZ(Oradl) k)
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X121349 8.0, P < .01 T, 2UWTHEEM & T EH O
TIFERIT = 5 12{EwV,

BRE LWMEEL16MIE, E20DEBOBETHED S
0T, 1958—66FOMOMBHRELHET S LM
TES. EOBETILMAED S NEH -7 38N
BEORBPELAL. MEAIOBE,SREOBEE TOM
Mk, FHS.28FTh-o7. T 59358A 12483 3 FE
MFEEL, 10,000BEAE L2 DM 3.3FTH 5 7.



—

The rate of 3.3 cases per 10,000 is a crude rate reflecting
the age distribution of the study sample. To obtain some
insight into how this population compares to another
larger Japanese population comparison was made of the
number of cases that would be expected in the more-than-
once examined Adult Health Study sample if this population
had the same age-specific incidence as the female
population in Miyagi Prefecture during 1959-60.14 These
results are shown on a rad-specific basis in Table 3.
Again the increased visk of those in the 90+ rad group
is apparent.

10,000 A 2= 0 3.3 & v 3 F s 12 AR A 0 405 5 15
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OO ERBIRBFEE AT, 1959— 60412+ 1 5 HHEE 0 414
AOMIZHEF A28 D ERLETHE EREL-BE 2EL
LB RTARARENEEACE bR S EH L
BLA #RErad &3 1IRL L.
rad BOBREOWINEWAS 2T H 5.
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TABLE 3 A COMPARISON OF THE OBSERVED NUMBER OF BREAST CANCER CASES FOUND AFTER
FIRST EXAMINATION AND THE EXPECTED NUMBER OF CASES IN THE EXAMINED-MORE-
THAN-ONCE POPULATION ASSUMING MIYAGI PREFECTURE INCIDENCE RATES

®3 MBRCERSNWAABPORFE L ERROBFELEA L ABE0 2@ L2 L

TMTERIZA SN S Ao g

Total Dose Observed Expected
RAL W 0
rad e tH 1=
90 + 6 1.53
0-89 9 10.36
Unknown A~BH 1 0.61
Induction Period For the series of 31 definite and TR 19455 DI 12 SRR L A BBURRE IR & A 326

possible cases with onset after 1945, the average interval
from the time of the bombs to onset of breast cancer was
14.7 years, and for definite cases only, 15.4 years, If
the 23 definite cases for which dose estimates are
available are divided into almost equal groups, 12 with
radiation estimates of 50+ rad, and 11 less than 50 rad,
the length of the induction period in each group is almost
identical (Table 4). However, the mean age ATB for the
patients with breast cancer who received 50+ rad is
28.1 years compared to 39.8 for patients who received
less than 50rad or were not in the city ATB. A “t” test
on the difference of these means was significant at the
.05 level. These differences are also reflected in the
distribution of onset in relation to menopause. Of the 12
definite cases who received 50+ rad, in 9 onset was
before the menopause in contrast to only 1 among the 11
who received less than 50rad.

Other Epidemiologic Factors Factors other than the
menopause which are possibly related to the risk of
developing breast cancer were examined in the group of
27 definite cases. Cancer developed in the left breast of
15 patients, in the right breast of 12 patients.
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HOERFOTEEMR 28 18 TH 01268 L T, 50rad
DT Ot d 2008 & 2 BB IcHimMze 4
Bt EOFHEMITIN.SETH -2, Zh o0 FHE
DERIIMLITZ -2t MEOMEIL .5THERBTSH -
oo CNLOERIEFE PR EOMEOSHEIZL
RMLTwa, 50 rad Ll Eo#i it 209 7 32 e 727 127
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T ORRALE R 22 11 1D A AR H L AT S S L
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IFor 16 patients with definite breast cancer and for 7819
women without definite breast cancer who answered an
Adult Health Study epidemiological questionnaire, 15 no
significant differences were found in regards to marital
status, parity, or length of lactation. However the average
period of lactation in 10 patients with breast cancer who
were fertile and lactated (36.3 months) was shorter than
that for non-breast cancer subjects generally (49.9 months),
but most of this difference could be explained by the
fact that there were less children in the breast cancer
group (Table 5). No relationship between radiation dose
and the previously cited epidemiologic factors was detected
in either the patients with breast cancer or their controls.

Pathologic Observations

Histologic Type Stewart's classification!® was used in re-
viewing the histologic material on the 27 cases with
definite breast cancer. Twenty-one were read as infil-
trating duct carcinoma with fibrosis(scirrhous carcinoma),
4 as infiltrating comedo carcinoma, 1 as infiltrating
colloid carcinoma, and 1 as noninfiltrating lobular carci-
noma. There was no apparent relationship between
histologic type and radiation dose (Table 6). Three
patients had other primary tumors. Carcinoma of the
thyroid gland occurred in one patient who received an
estimated 343rad and in another who was heavily shielded
but the surrounding air dose was ahout 75rad. Pulmonary
adenocarcinoma developed in a patient with breast cancer
whose estimated radiation dose was 31 rad.

DISCUSSION

Information on breast cancer among survivors of the
Hiroshima and Nagasaki atomic bombs has now accumu-
lated to the point where a fairly definite carcinogenic
effect seems established. The size of this series will not
support a reliable estimate of the magnitude of the effect
as a dose-response phenomenon, and plainly it is of a
very much lower order of magnitude than the leukemo-
genic effect. Had the series not arisen within a defined
sample, almost 90 % of which is examined in the ABCC
clinics biennially, any conclusion as to the effect of
radiation would be hazardous. Diagnosis rests on histologic
material reviewed specifically for the present study.

Since casefinding rests primarily on a biennial exami-
nation, strengthened by referral of suspicious cases for
surgical biopsy, and since participation in these exami-
nations is very little influenced by the radiation history,
it is believed that ascertainment is essentially unbiased
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TABLE 4 AGE ATB AND AT ONSET, AND MEAN INTERVAL ATB TO ONSET,
BY RADIATION DOSE (T 65D), DEFINITE CASES ONLY
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rad e 2 ATB i Onset J8in _‘.efs P
50+ 12 28.1 43.3 15.2

<50 or Not-in-city 11 39.8 55.3 15.5
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TABLE 5 COMPARISON OF SUBJECTS WITH DEFINITE BREAST CANCER AND NO BREAST CANCER IN THE ABCC-JNIH
ADULT HEALTH STUDY SAMPLE AS TO FACTORS POSSIBLY ASSOCIATED WITH THE RISK OF BREAST CANCER

#5

WABERE B Z A R O RBWIHERE 5 FLA B & IRFLM & O Ldt: IR E Ol E TR

Breast Cancer 2L 4%

No Breast Cancer 3k 3L 7

Classification

Mean months Mean number Mean months

Mean Months Mean number Mean months

¥ Number lactation  of children lactation/child Dby lactation  of children lactation/child
B pmpaAs FHRE 1Rusn0F THRAAL THRH 1RULIOT
Pa¥R3LA # BEILA #
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TABLE 6 DISTRIBUTION OF DEFINITE CASES BY CELL TYPE AND
ESTIMATED TOTAL RADIATION DOSE (T65D)
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with respect to radiation dose and reasonably complete,
although no special emphasis has been placed on the
detection of breast cancer by examiners at ABCC.

Apart from MacKenzie's observation that the incidence of
breast cancer was increased in women who had been
repeatedly fluoroscoped, there is no other human experience
to our knowledge which indicates that breast cancer is
increased by ionizing radiation. There is a great simi-
larity in the leukemogenic effect of atomic radiation and
of radiotherapy for rheumatoid spondylitis.1?  In their
recent report on mortality from cancer and other causes
in this same group, Court Brown and Doll'® present no
separate data on the breast, but include that site among
the “lightly irradiated sites” for which the ratio of observed
to expected deaths is only 1.1. The number of women in
their series is small (2393), reflecting the sex ratio for
rheumatoid spondylitis, and the dose to the breast is not
specified. Also, their ascertainment is limited to death
certificates, which at the present time due to long survival
time in breast cancer patients provide only 30% of the
ABCC series of 33 cases.

In Court Brown and Doll’s study excess mortality from
leukemia reached its peak 3-5 years after irradiation,
while deaths from cancer of heavily irradiated sites
reached their peak approximately 9-14 years after radiation.
Similarly, in the atomic bomb survivors the incidence of
leukemia reached its maximum approximately 8 years
after exposure, and an increase in cancer of other sites
began to be observed only about 15 years after exposure.
The earlier appearance of leukemia may be a function of
the brief survival time associated with it in comparison
with cancers of other sites for which survival time is
longer and diagnosis is made mainly postmortem.

Examination of comparative data on the reproductive
histories of the patients with breast cancer, in comparison
with the entire series from which they are drawn,
indicates that radiation is not confounded with other
variables of potentially etiologic significance. Of great
interest is the relatively young age ATB of the patients
with breast cancer who received more than 50rad. The
influence of age ATB is not without precedent, for
persons who were exposed to radiation at a young age
have more readily developed leukemia and thyroid cancer,
and 10rad administered to the fetus are enough to
produce all the common forms of childhood cancer. 1

SUMMARY

Information on breast cancer among survivors of the
Hiroshima and Nagasaki atomic bombs has now accumu-
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lated to the point where a definite carcinogenic effect
seems established.

Women exposed to 90rad or more developed breast
cancer at 2-4 times the rates observed in the comparison
group of the study sample, and in the reported rates for
Miyagi Prefecture. The onset of breast cancer, relatively

early in life, before the menopause, discriminated the
irradiated from the control group.

YT LI THB.

N rad LI Lo A2 23, EEEAT O LR
OO AR, FLUERR ML TESE S AT
BUHEOMN2 -4 FOHLMBEERLRL . HERCE
W, FMASMLIATT, REMEERCIBA R A2
L, ML HENTSH 5.

6.

11y

12

13.

14.

REFERENCES
2EVm

. LORENZ E: Some biologic effects of long continued irradiation. Amer J Roentgen 63:176-85, 1950

(5 U 00 14 A A R A 0 AR S )

FURTH J, UPTON AC, KIMBALL AW: Late pathologic effects of atomic detonation and their pathogenesis. Radiat Res Suppl 1:243-
264, 1959

(BB DR 1) TR & 7 OWR )

UPTON AC, KIMBALL AW, et al : Some delayed effects of atom-bomb radiations in mice. Cancer Res 20 (8) pt 2:1-62, 1960
(%2 202817 5 R B 50 B TR )

BRODY H, CULLEN M: Carcinoma of the breast 17 years after mammography with thorotrast. Surgery 42:600-6, 1957

(ha b7 MERIZEZEBERBRMITERI2E 2 8)

MACKENZIE I: Breast cancer following multiple fluoroscopies. Brit J Cancer 19:1.8, 1965

(RMXBERMAER 24 C A

BEEBE GW, ISHIDA M, JABLON S: Studies of the mortality of atomic bomb survivors: 1. Plan of study and mortality in the medical
subsample (Selection 1) 1950-58. Radiat Res 16:253-80, 1962

(BB EFEEOBGEE. 1. BEWESY 79> 70 (8 L RIMEB) 1251 508 L WF%E 4k, 1950—584E)

BEEBE GW, YAMAMOTO T, et al : ABCC-JNIH Pathology Studies Hiroshima and Nagasaki. Report 2. October 1950-December 1965,
ABCC TR 8-67

(ABCC — F#f B2 (B 7, [h 0% - Jelf. &5 248, 1950%E10H —1965F12H )

STONE RS, ANDERSON PS Jr: Epidemiologic evaluation of ABCC autopsies Hiroshima 1950-59. ABCC TR 22-60
(IR 8 ABCC T17 % » 2 Bl O E a9 5FM, 1950— 504 )

SAMTER TG, HRUBEC Z, et al : Epidemiologic evaluation of ABCC and Nagasaki University School of Medicine autopsies and ABCC
surgical specimens, Nagasaki 1950-59. ABCC TR 15-62

(Z i ABCC & & U Bl K% TAT %4 - 28I % 5 U2 il ABCC THT % - 72 SFRHA MMk 1 0 35 5 (9 F- M, 205, 1950— 594 )

. Research plan for joint ABCC-INIH Pathology Studies in Hiroshima and Nagasaki. ABCC TR 12-62

(IREy & & U R I2 4511 5 ABCC & H I PRI £ WP 227 A7 6 [ CEE+ 2 MM m s o p+ 5 MR ma)
HARADA T, IDE M, et al : Tumor Registry data, Hiroshima and Nagasaki, 1957-59. Malignant neoplasms. ABCC TR 23-63
(REMSE SRR, R+ & OB W, 1957594, TAEHEMm)

ANDERSON PS Jr: Adult Health Study, Hiroshima. Analysis of participation in examinations, July 1958 —December 1960. Yale J Biol
Med 36:75-90, 1963

RO AT &0 2 2BIRIBO BN, 19584 7 A —19604£12F )

AUXIER JA, CHECKA JS, et al: Free-field radiation-dose distributions from the Hiroshima and Nagasaki bombings. Health Phys 12:
425-9, 1966

(BB EEUEHORBETIZ L2 BEERS SRS H)

SEGI M, Dept of Public Health, Tohoku University School of Medicine: Personal communication
(FL1Z)

11



15,

16,

17

SAGAN LA, ISHIMARU T, ONISHI S: Epidemiologic survey, Adult Health Study sample, Hiroshima and Nagasaki. ABCC TR 26-63
(BAREHELREOFE SR

STEWART FW: Tumors of the Breast. Atlas of Tumor Pathology, Section IX, Fascicle 34. Washington DC, Armed Forces Institute
of Pathology, 1950

CFLBE @ REAS , AR 455 575 BE % 00 [R1 7))

COURT BROWN WM, DOLL R: Leukemia and aplastic anemia in patients irradiated for ankylosing spondylitis. Spec Rep Ser Med Res
Coun, No. 295. London, Her Majesty's Stationery Office, 1957

(PRECHEFHE S 120 L C BRI & 213 2 B 12 514 5 Al & & UHET i ERmL)

. COURT BROWN WM, DOLL R: Mortality from cancer and other causes after radiotherapy for ankylosing spondylitis. Brit Med J 2.

1327-32, 1965
(REMEFHR 28T 3B RREROBE L 07 OMORBIC & 3 H)

Radiation Protection, International Commission on Radiation Protection Publication 8, Oxford, Pergamon Press, 1966

(S e 7 7 )

12



