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SUMMARY

For the period 1950-69, 231 incidence cases of
breast cancer were identified among 63,275 female
A-bomb survivors and controls; 187 were survivors
for whom dose estimates are available. The
estimated absolute risk is 1.9 excess cases per
106  person-year-rad (PYR) over this period for
women aged 10 or older at the time of the bomb
(ATB), substantially less than published estimates
largely based on X-ray and fluoroscopy data from
smaller samples of North American women. The
Hiroshima and Nagasaki dose response curves were
similar, suggesting approximate equivalence of
neutron and gamma radiation in their carcinogenic
effect on breast rissue, and were consistent with a
linear model. An identifiable radiation effect
is evident before 1955. For women of comparable
ages ATB, the time from 1945 to diagnosis did not
vary by dose, nor was there evidence that radiation
caused breast cancer to develop ar earlier ages than
usual. No cases were found up to 1969 among
A-bomb survivors under age 10 ATB, nor were any
substantial number observed uatil 1960 in those
aged 10-19 ATB. By 1965-69, however, the latter
cohort was experiencing an excess of high and
medium dose cases much greater than any observed
in those aged 35+ ATB, leading to the conclusion
that the breast tissue of women in this decade of
life may be more sensitive to the effects of ionizing
radiation than that of older women. Finally, for each
of the age ATB intervals 10-19, 20-34, 35-49, and
50+, women exposed to 100+rad had, by 1969,
already approximated or exceeded their lifetime
expectations (after 1950) of breast cancer as
calculated from Japanese cancer registry data.
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INTRODUCTION

Experimental and epidemiologic studies of the
carcinogenic action of ionizing radiation upon
breast tissue have recently been reviewed by the
United Nations Scientific Commitiee on the Effects
of Atomic Radiation (UNSCEAR)! and by the
National Academy of Sciences Committee on the
Biologic Effects of lonizing Radiation (BEIR).Z
Using human darta drawn largely from follow-up
studies of patients subjected to multiple flucroscopy
associated with the rtreatment of tuberculosis by
artificial pneummhorax‘s'4 of patients treated with
N-ray for acute postparum masticis,> and of A-bomb
survivors, ®+7 these expert committees have concluded
that exposure to ilonizing radiation increases the
incidence of breast cancer in women. The BEIR
estimate is about 3 deaths per 106 PYR, averaged
over the 5-year period 20-25 years after exposure, but
rates of 6 or more cases per 106 were suggested for
incidence. Although the carcinogenic action of
ionizing radiation on the female breast is now well
established, the reported experience is insufficient
ta resolve such major issues as the role of host
factors, the functional form of the dose-response, the
relative effects of neutrons vs gamma radiation, the
magnitude of the effect as a function of time afrer
exposure (latency, peak period, duration), and the
significance of histologic type. The first ABCC study
of breast cancer was restricted to 12,003 women in the
clinic sample, among whom 31 cases were “found for
the period 1950-66.% More recently, Jablon and
Kato,” in their systematic analysis of death
certificate information on the 63,275 women in the
JNIH-ABCC Life Span Study (LSS) sample, reported
on 104 deaths awributed to breast cancer during
1950-70.  In the present study, by utilizing all
sources of information in the community, we have been
able to identify 231 cases in the LSS sample over the
19-year period 1 October 1950 - 31 December 1969,
for 192 (83 %) of whom there is histologic information.
This larger number offers an opportunity to investigate
some of the unresolved issues of radiation induction
of breast cancer in a much more powerful way than
hitherto.

METHODS AND MATERIALS

As in most ABCC studies, the cohort approach is
used here, the sample being thar developed for the
extended LSS,8 which includes the Adult Health
Study (AHS) sample reported on by Wanebo et al.t
Since the LSS sample was selected in several parts
(the first in 1958,7 the last in 19679 any ascertain-
ment covering the entire period 1950-69 is largely
retrospective. Although the Japanese family
registration system provides the basis for complete
mortality follow-up, even retrospectively, oaly the
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first selecrion (AHS) has been under continuing
clinical surveillance in ABCC clinics, and that only
since 1958.1" A rtumor registry was organized in
Hiroshima in 1957 and one in Nagasaki in 1958 11
The ABCC Department of Pathology played a major
role in  examining biopsy specimens in each
community until 1969, and from 1961 to date a very
active autopsy program has been directed at the
original LSS sample, replacing an earlier program
that was essentially a response to requests by
local physicians,

The search for cases of breast cancer extended
beyond ABCC sources to the Tumor Registries, the
major hospitals, and the relevant departments of the
medical school in each city. Thanks to the larger
role played by pathologists at the Hiroshima
University and Nagasaki University medical schools,
the level of ascertainment appears to be appreciably
higher than in the previous study by Wanebo et al.©
Many more cases were screened, the passage of time
provided better follow-up, and more complete
information was available. As a result, there were
40 rather than 31 confirmed breast cancers among all
AHS subjects for the same period (1950-66).

Extensive effort was made to obtain all available
diagnostic information on the ascertained cases.
At no time, however, were the investigators aware of
the radiation exposure status of the cases. The
completeness of obtainable diagnostic information
varied from case to case, and the 231 cases could
be classified into four general categories of
diagnostic certainty: a) 138 cases with microscopic
review of primary breast cancer by the investigators;
b) 54 cases with microscopic diagnosis of primary
breast cancer only by a physician other than the
investigators or with microscopic examination of only
metastatic neoplasm; c) 16 cases with only clinical
or gross surgical diagnostic information; and d) 23
cases with only death certificate diagnostic

information available. The cases with available
tissue sections were interpreted according to
established criteria for the histologic diagnosis of
breast cancer.12-14 When there was any uncertainty
regarding diagnostic interpretation, a final decision
was reached generally after review of histological
sections by at least three pathologists(Drs. McGregor,
Tokuoka, Liu, and Steer at ABCC; Dr. Taylor at
St.  Louis University School of Medicine; and
Dr. Thomas at the AFIP).

The main task of the analysis has been to subject
the ascertainment to critical scrutiny for bias. [t
seemed possible that high-dose cases might be
ascertained more completely than low-dose cases.
Such a bias is possible because the AHS subsample,
which is subject to clinical surveillance at ABCC,

GRECHEPEBMBEET 2 LB RMT 25, #i5L T
ABCC TESIRZ R T T a0it, &1 kit s
HRARERESREDLTHED, Lad, 41119584
VIR 6 Th AT T &40 Ml E A58 T3 1957 4
(2, FMCILI1958FEIZaEE s hi. " ABCC 4% B8 5 12,
1969 £ TR - BWZ h #Fh Rl foms
KEGEHEELE, FAREANCIE, HIGEMOZHIEC
BUTHBLTOABEIIRb-T, 1961F LN B
THGRATHREM IS v TED TiEMm LT o r
FLAPERENTV S,

FLE A o WAL, ABCC o % ¥ LLY 12 B i o0 955 3 4,
Kibis L U REEESHOMESHE CEDTITHRLE,
RS Es LU B AFESEE 5 3 mME
kAEREMBIZE-ST, MEAOE v I Wanebo 58
CEALUWMOMEERL Y LHYEVEITH S, HTL
NELOEFAFAAZ) - Fh2 1T, EHORKBIZL
NEHMEOKRL L 2N, S6ICLDEET EHY
Boi. 2oEE, [FLCRHIEEM (1950—66%F ) T 4k
ABEERE M R B, FEEM G T4 400k -7

s hAfEWizonTIE, TEZHTEL OBEH
BAFTAEIKREABAS LA, FUETEHLES
IZI3 2850 R EBIRE CowTRms Eh i ho
. ANFUHE L BN EEOSEMOES T, ER L
BigoTHh, 231k, ZHOBEEICML TREL
Moz BT A2 E#TEL T4bE, a) FEEE
WESII LD BEREEAEOBMBNFROBEsh LD
13813, b) BAHEMELESLUNOEMOEIZ LS RENE
OB OH 200, AT ICIEREHED
OHOEMAERaN 2L O, o) BEREHE L,
WIRMARZHEHOA0 L0166, LU, d) FECE
PBifdh s AF L RFREHOZOLOBHITHE S, M
HUOFoAFshTraboiz20T, FLEOME
FHBHEEIIE - THEL A Y BlToRRIZ2w
TREEELSNH AL, bul bt 3 EnHAYE
# (ABCC Tlt, McGregor , {#[#, Liu & & F Steer ;
St. Louis kRFEE ¥4 7|1 Dr. Taylor ; T HEH M E
if(AFIP ) !4 Dr. Thomas ) ##lEE D & at L TR
ML REE L.

Wz AEELEE D, MATFHORIOFELCS
WTHLLBNZZETHh-. EBRRERTI LD B,
BEBRFEOL L - EEICHR s A fEEN S B &
Ezohi., Zhi3IABCC THEWS & FI1 5 W AGRE



has a much larger proportion of high-dose survivors
than does the remainder of the LSS sample. A less
serious bias, likely on a priori grounds, and tending
merely to reduce any dose response, derives from the
loss of information through migration and the fact
that not all cases occur in the reporting areas for the
tumor registries. Migration from the two cities had
occurred in about 13 % of the LSS sample, more among
the younger age ATB cohorts and among those who
were not-in-city ATB (NIC), but it has not differed
by dose among the exposed.!? Neither tumor registry
was long in operation during the first decade
(1950-59), and Hiroshima University Medical School
was not located in Hiroshima uncil 1957. On the
other hand, cancer of the breast, while relatively
infrequent  in  Japan,10 is a major
significant  case-fatality; it will not long go
undiagnosed and comparison with autopsy findings
has shown that death certificates are very accurate
It would be surprising if there

cancer with

for this cancer.!?
were large differences in radiation dose groups as to
interval between onset and diagnosis, or if the error
of diagnosis were greater in one dose group than in

another. 17

The following procedures have been used to test the
ascertainment for bias in relation to radiation dose:

1. The cases for which death certificate diagnosis
of breast cancer was made have been contrasted
with the remaining cases on a dose-specific basis.
Death cercificate information for the extended LSS
sample is complete, and should therefore be
unbiased with respect to dose. This contrast was
performed separately for each decade of follow-up
and for each ciry.

2. The ABCC clinical sample has been compared
with the remainder of the sample on a dose-
specific basis. For women previously examined
at ABCC case finding was presumably more
complete. Therefore, if the completeness of case
detection varied by dose, the clinical sample
should be least affected by this bias.

3. A dose-specific comparison of breast cancer
cases has been made in relation to the cases of
uterine cancer, which were ascertained for the
1.SS sample by the same investigators, at the same
time, in the same way, and from the same sources!?
This is a site for which little or no evidence of a
radiation effect has been seen previously in

A-bomb survivors.”’

4. The magnirude of any under-reporting in the low-
dose portion of the sample can be appraised by
comparing incidence among low-dose “members of
the sample with that reported by cancer registries
elsewhere in Japan. 16
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Radiation exposure is measured in terms of tissue
kerma in air,1? at a location corresponding to the
center of the body, according to the T65 dosimetry
system,20 which provides estimates in rad for
gamma and neutron radiation. Forcertain comparisons,
tissue kerma is converted to dose to breast tissue, 2]
The separate effects of gamma and neutron radiation
on breast tissue are not examined here, except by
contrasting the experience of the two cities,
Hiroshima total doses having a large neutron
component, Nagasaki almost none.

The incidence of breast cancer varies markedly
with age in Japan and elsewhere.l® Age ATB and
age at risk therefore play a major role in the
analysis. Contingency table analyses of incidence
by dose, and relative risk estimates of high-dose
vs low-dose incidence are computed separately by
age ATB or age ar risk, and also on a summary
basis adjusted for age by the method of Mantel and
Haenszel. 22  Where appropriate, incidence rates are
given in age-standardized form. Estimates of absolute
risk are computed from crude or standardized rates
according to the method used by the BEIR Committee;?
the rate for those exposed to 0-9rad is subtracted
from that for those exposed to 10+rad, and the
difference is divided by 80.6rad = 82.0 — 1.4, the
difference, for the combined cities, in average
T65 dose of these twa exposure groups. More
reliance is placed on the maximum-likelihood
regression estimates?? of absolute risk, using the
dose intervals 0, 1-9, 10-49, 50-99, 100-199, and
200 +rad, with average dose levels as given by
JTablon and Kato.’ Such estimates may be computed
for each age interval and then standardized

according to the age distribution of the sample as a
whole for certain comparisons, or, when estimated
absolute risk values do not vary markedly with age, a
common slope (excess risk per PYR) may be assumed,
with age-dependent intercept (risk per PY at zero
dose). The most penetrating analyses, however, are
not those involving women of all ages, but those
in which cohorts defined by age ATB and radiation
dose are followed over time.

Breast cancer incidence may also depend on age
ATB since susceptibility to the carcinogenic effects
of ionizing radiation may well depend upon the age
at which the radiation is received (e.g., in relation to
menarche or first pregnancy). (alendar time also is
important, because the interval berween exposure and
the occurrence of radiation-induced breast cancer is
unknown and also may be age-dependent, and
because the medical care and reporting systems may
have undergone change over time. To some extent
these factors are inseparable — younger ages at risk
were observed only among those who were young
ATB, and within an age ATB cohort the person-years
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at risk for younger ages occurred early in the
follow-up period. Conversely, the younger age ATE
cohorts had not yet reached or were barely reaching
the ages of high risk by the end of the present
follow-up period. To the extent that they are
separable, analyses of the interactions of these three
factors (dge at risk, age ATB, and latent period) are
necessarily limited by the data; even 231 cases of
breast cancer can be apportioned among only a limited
number of classes defined in terms of dose, age ATB,
age at risk, and date of diagnosis.

Analyses in terms of age ATB were based on cohorts
aged 10-19, 20-34, 35-49, and S0+ ATBH, excluding the
0-9 ATB cohort for which only one (nonexposed)
case of breast cancer was observed. Analyses in
terms of age at risk were based on person-years at
risk at ages 20-34, 35-49 50-64, and 65+. Since all
cases of breast cancer occurred after age 20, no cases
were lost by eliminating the low-risk 0-19 age-ac-risk
interval. Members of the NIC group, who are known
to differ demographically from the exposed members
of the sample, play a minor role in the analysis.®
Host factors other than age are currently being
investigated but are not included in the present
report.

RESULTS

Bias Analyses. The total ascertainment of 231 cases
is given in Table 1A by TG65 estimated total dose
(gamma + neutron). Cases with death certificate
diagnoses of breast cancer are contrasted with other
incidence. Roth death-certificate and non-death-
certificate information pertain to the same number
of person-years at risk, and therefore any bias should
be reflected in a tendency for the proportion of cas:s
with death certificate diagnoses of breast cancer,
adjusted for age, to vary with dose. In each city the
proportion of death certificate cases is larger in the
0-9 rad dose interval than in cases occurring among
those exposed to 100+rad, but in each city the
difference essentially disappears after adjustment is
made for age ATB or for year of diagnosis. The
proportion of death cerrificate cases among rthose
exposed to 10-99rad in Nagasaki is greater than in
those to 0-9 or 100+rad (P <.05, age-
adjusted), but it is difficult to associate this finding
with possible bias. The difference between cities in
death certificate vs other case ratios (72/108 in
Hiroshima vs 26/25 in Nagasaki) disappears when
the cases in the 10-99rad interval are
(42/65 in Hiroshima vs 13/19 in Nagasaki).

exposed

removed

The decreased proportion of death certificate cases
after 1960 is ar least parcially explained by the fact
that in many cases resulting in death the date of
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TABLE 1 SUMMARY OF BIAS ANALYSIS IN TERMS OF DEATHS WITH POSITIVE DEATH CERTIFICATE DIAGNOSIS
VS OTHER INCIDENCE, & IN TERMS OF SAMPLE COMPONENT

%1

fid 0 oWt o By FEC BT & 5 I 2 DD LM ik 1z k

FEIECH O, & & U R 0 Hkk
A. DEATHS WITH POSITIVE DEATH CERTIFICATE DIAGNOSIS VS OTHER INCIDENCE, BY CITY
& DATE OF DIAGNOSIS

A FECRRITEMIN £ O DB & 238 it L U BKFEER

Positive Hiroshima Nagasaki
Date of Dx De p =
X NIC 0-9 10-99 100+ Unk. Total NIC 0-9 10-99 100+ Unk. Total
1950-69 Yes 13 36 15 6 2 72 5 8 8 5 0 26
Na 18 52 23 13 2 108 3 4 10 1 25
1950-59 Yes 6 21 8 4] 38 1 6 4 3 0 14
No 6 13 5 2 1 2 2 4 i} 3 1 10
1960.69 Yes 7 15 7 3 2 34 4 2 4 2 0 12
No 12 39 18 11 1 80 1 5 2 7 0 15
B. COMPARISON BY SAMPLE COMPONENT 1958.69
B. #f SRR, 1958—694F
Clinical Sample Nonelinical Sample
City Statistic

NIC 0-9 10-99 100+ Unk.,  Total NIC 09 10-99 100+ Unk.  Total
Baoth Total Cases 7 & 11 15 3 44 24 65 23 12 1 125
Raha,"l(.iE PY 224 212 389 698 708 357 175 213 250 799 100 223

Relative Risk 1.06 1.00 1.84 3.29 3.34 0.82 1.00 1.17 3.75 0.47
Hiroshima Total Cases 7 6 8 9 2 32 19 55 19 B 1 102
Rate/1(0 fpy 318 217 346 Bl6 941 372 175 224 291 716 121 234

Relative Risk 1,47 1.00 1.60 3.72 4.34 0.78 1.00 1.30 3.19 0.54
Nagasaki  Total Cases 0 2 3 (i 1 12 5 10 4 4 [} 23
Rate}'l[’s FY 0 199 h7Yy 581 474 325 173 165 157 868 0 183

Relative Risk 0 1.00 2.91 2.02 2.38 1.05 1.00 0.95 5.25 0

diagnosis precedes the date of death by several
years. Except for the Nagasaki 10-99rad interval,
there is no variation by dose in the proportion of
death certificate cases for either decade afrer

1950.

There is little difference between the rates observed
for breast cancer in the clinical and nonclinical
portions of the sample (Table 1B). When adjusted
for the differing dose distributions of the two sample
components the difference is not staristically
significant (P>.20 in a one-sided test); moreover,
this difference is largely confined to the nonexposed
and unknown dose groups, which contribute little to
the analysis for a dose effect. Wichin cities the
pattern is similar. Restricting the comparison to that
part of the clinical sample examined at least once at
ABCC since 1958 produced essentially the same
result,
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The AHS sample and the remainder of the LSS sample
are equally subject to migration from Hiroshima and
Nagasaki. The examined portion of the AHS sample
contains far fewer emigrants, and thus might be
expected to have a higher rate of reported breast
cancer than the nonexamined portion. That this was
not the case indicates that the effect of migration on
the estimates may be negligible when compared to
the effect of sampling variation.

A dose-specific comparison of the breast cancers with
the of simultaneously ascertained
uterine cancers (679 cases) produced essentially the
same relative risk estimates for the incidence of
breast cancer in both cities combined as those based

larger series

on person-year denominators. If the ascerrainment of
breast cancer were biased, we would expect that

of uterine cancer to be similarly biased, and
calculation of the dose-specific relative risk of
breast cancer based on the dose discribution of

cancers of the uterus should substantially remove the
common bias of ascertainment. The fact that the
relative risk estimates for breast remain
essentially unchanged, therefore, constitutes strong
evidence that the ascertainment of breast cancer is

not appreciably biased.

cancer

If there were serious bias in the breast cancer
ascertainment, Incidence estimates for those NIC,
or with low doses (0-9rad), should be well below
those ordinarily found in Japan. However, comparison
of observed number of cases with the expectation
based on age-specific incidence generally rtaken
as representative for Japan (e.g., those for Miyagi
and Okayama prefectures)!6 shows no evidence that
ascertainment was, in fact, short of expectation for
the NIC and 0-9rad dose groups for which chi-square
(on the totals) is aboutr 1.41 and P abour 0,50,

MARENEEA 2 hiBuiREzoRegRlTEAT
X, EBs PR, S OBEHRRREILIZIFRUCTH - 2.
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T A 1R O gt 47 76 12 3w 2o IR 1) O ik B R A i T
BROFFILLT, ERAAFCHT2EHBORI A H
YkrEEng., fEo T, FUEEICB S FRCHAY G EE
BAFRBRMICRTETSAA VS g%k, fllio AF
rhiElroEoAzwitdRmtmhaERTsd 5.

LELAMOAFILERLMIAS 86, FEER,
Hizwhdoshd, 420, KER, (0—9 rad ) &
HIEBUAREREMEME OATHERS 5 h SHEEM
N HHHYEL B AT THE. LALEHNS, —H00
CHFRIZEOWTRENTHSLEL SN T L AERBIIE
RE (T A bE, EHBEPELRO 6O 2821
HEEMEAH Lok cr, B, (Ficd3)
A28 (x? )1 AATPIEFM.S0TH S, TFiEEFD
TATHEEFLIVO0O—9 rad ERMBOATF CHEL Tl
B EDADED b IR 2,

Observed Expected

TR A # HI T A
NIC HNAfEH 39 44
0-9 rad 105 96
Total il 144 140

Figure 1 provides a graphic comparison of age-
specific incidence, by dose, among A-bomb survivors
and for Japan generally. Although the rates for those
NIC, or who received 0-9 rad, are fairly close to the
Miyagi and Okayama rates, when rates are calculated
for each S-year calendar period those for the last
fall below the rates 1960-64
(see Table 5). This, of course, suggests that the
ascertainment of the last 3 years is _somewhat
incomplete. The decline is notable in the high-dose
groups of older women (35+ ATB), but not in the

S-year period for
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FIGURE 1 BREAST CANCER INCIDENCE BY AGE AT RISK, OKAYAMA (1966) & MIYAGI (1962-64)
PREFECTURES VS WOMEN IN THE LOW-DOSE & HIGH DOSE GROUPS,
EXTENDED LSS SAMFLE (1950-69)
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AGE AT RISK

rates for younger women, for whom the effect of any
incomplete ascertainment in the last interval is more
than offset by age-related increasing incidence
(see Table 6).

Estimation of the Overall Radiation Effect. Table 2
gives number of cases and person-years, rates and
relative risks, and estmates of absolute risk
(regression and BEIR) for five intervals of age at
risk. No cases were diagnosed ar ages 0-19. For
ages 20+, breast cancer incidence increased with
increasing dose. Age-adjusted contingency table
analyses?? yield extreme P-values (P<1075) for
tests of nonhomogeneity among dose classes,

increasing linear trend in incidence with increasing
dose, and the 0-9rad vs 100 +rad contrast. The dara
fit a linear regression model with age-dependent
intercepts and a common slope for ages 20+ at risk;
the maximum likelihood regression estimate of
absolute risk22 is 1.73 excess cases per 106 PYR.
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FLE e gt s L H oL 7. SERSEIIED S #
FREHY T, SR OES W RE D B0 T
ZPHE(P<10%) &R L, BROBMIZHE-> TRESR
& 8E FREmA#EDH s, 0—9 rad & 100 rad
LlEo#izsnTEXFEH oz, ZOEEIT2080 E
(OEME) CIEERODRTHIEL, POERBER I
I eEE - ANEBFAREIVE—BTI2L0TH
D, M fE o kL R R HE E L R, 108 A
rad HAN1.73FOEME % 5.



TABLE 2 NUMBER OF CASES AND PERSON-YEARS AT RISK, INCIDENCE RATES, RELATIVE RISK, & ABSOLUTE
RISK ESTIMATES, FOR COMBINED CITIES BY T65 DOSE & AGE AT RISK

#2 WMEEMBEROCNEY, REE, HGNAREL S CloEd GRS EEm, Miidit: THHRis &
U B 5 B A e 7
o= . ¢ i
Mg Rl Sieiie TS Dose in Rad A::lso]ule Risk Estimates
YBEIR “Regression
NIC - )
9 10.99 100+ Unk. Total Type Est. +5SD
0-19 Cases 0 0 0 0 0 0
PY 36731 59323 20062 4087 1627 110601
? Rate 0 0 0 0 0 0
RR
20-34 Cases 5 2 9 5 2 23
PY 74377 160173 53917 21453 10137 320057
Rate 67 12 167 233 197 T2 FA8 R L.6+0.6
RR b.4% 1.0 13.4%* 18,74 15.6%* =
35-49 Cases 15 45 15 17 2 94
PY 73766 1556701 54862 18464 7788 310581
Rate 203 289 273 921 257 303 1.8* 2.240.8
RR 0.7 1.0 0.9 3.2% 9
50-64 Cases 11 a7 15 8 1 72
PY 54620 125859 47062 11077 2687 241305
Rate 201 284 319 722 vz 298 1.3 1.6+1.0
RR 0.7 1.0 111 2.5 1.3
65+ Cases 8 21 9 4 0 42
PY 27431 67338 23965 45456 1126 124405
Rate 292 31 376 580 0 338 1.8 1.2+1.5
RR 0.9 1.0 1.2 2.8 0
20+ Cases a9 105 48 34 5 231
bPY 230194 509071 1795806 55539 21739 LIRSS
a
Rate 170 204 263 647 234 232 1.8%e .73 +0.42
brR 8 1.0 127 3,84+ 141
a. Incidence per 10% py
b. Age-adjusted
¢. Excess cases per 108 PYR
d. (Rate for 10+ rad —rate for 0-9 rad)/80.6
e. Slope estimate from maximum likelihood regression of incidence on dose
f. Common slope for all ages at risk, assuming age-dependent intercept
+ P<.05
*x P<,01
In Figure 1, the 100 +rad group has rates consistently WMliesnt, 10radll FO I, £FEM2ELT

above those for the combined 0-9rad and nonexposed
groups throughout the age range of incidence. On the
semilogarithmic scale the dose-specific curves are
essentially parallel, reflecting the relatively constant
ratio of one to the other. Separate analyses of the
age-at-risk intervals reinforce rhis impression.

Only one (nonexposed) case of breast cancer occurred
among those younger than age 10 ATB. There is more
variation by age ATB in the risk estimates in Table 3
than there is by age ar risk in Table 2, but the overall

10
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TABLE 3 NUMBER OF CASES AND PERSON-YEARS AT RISK, INCIDENCE RATES, RELATIVE RISK, & ABSOLUTE
RISK ESTIMATES, FOR COMBINED CITIES BY T65 DOSE & AGE ATB

#3 WMEEMBS L CATH, REE, MHOERE, 55 0 MR, WA TR
& UF T A e e )

T65 Dose in Rad

CAbsolute Risk Estimates

Age ATB Smatistic e 0.9 10-99 100+  Unknown  Total ﬁf}gf “Regramion
0-9 Cases 1 0 ] 0 1] 1
PY 46586 104751 35232 8041 2925 197533 - U]
ARate 21 0 0 0 i 5
RR . % = Y .
10-19 Cases 7 ¥ 13 10 1 38
PY BBOTS 120577 40247 19717 10312 249828
Rate 119 58 208 507 97 152 4.0%* 2.440.8
RR 2.0 1.0 b.p** B.7** 1.7
20-34 Cases 12 37 11 13 3 76
PY 70642 146915 51925 16408 6318 292208
Rate 170 252 212 792 475 260 1.2 2.1 0.8
RR 0.7 1.0 0.8 b P ib il 1.9
35-49 Cases 13 39 16 7 1 76
FY 55382 131771 49900 12150 2702 251905
Rate 235 296 321 576 370 302 0.9 0.6 £0.8
RR 0.8 1.0 11 1.9 1.3
50+ Cases [} 22 8 4 0 40
PY 23516 63823 22567 3910 1110 114926
Rate 255 345 354 1023 0 348 1:3 1.4 1.7
RR 0.7 1.0 1.0 3.0% 1]
10+ Cases 38 105 48 34 5 230
PY 208515 463086 164639 52185 20442 908867
nhRale 185 223 284 683 282 253 1.9 [l.EE] +0.45
bRR 0.8 1.0 1.3 3.7 1.5

See fooinote Table 2

picture of a strong dose response is the same. The
regression estimate of absolute risk, for ages 10+

ATB, corresponding to a linear model with separate
intercepts for each age ATB cohort but a common
slope, is 1.89 excess cases per 106 PYR. The
difference between this estimate and the 1.73
obtained for ages 20 + at risk is entirely explained by
the fact that the two estimates are based on the same
exposed, known-dose cases, but on different numbers
of person-years. If the person-years for ages 0-19 at
risk or ages 0-9 ATB are included in these regres-
sions, the overall absolute risk estimate is reduced
to 1.55 excess cases per 100 PYR, for all ages
combined.

The 10-19 ATB cohort is the only one having an
elevared relative risk for 10-99rad vs 0-9rad. This
is not simply due to an abnormally low rate for the
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0-9rad dose interval, since the 1099rad vs NIC
relative risk is also significantly greater than one
(P <.025). The variations by age ATB of the 100+rad
vs 0-9rad relative risks and of the absolute risk
estimates are not staristically significant. It is
remarkable, nonetheless, that the highest absolute
risk estimates are those for the 10-19 ATB cohort,
which was at ages of very low natural breast cancer
incidence during much of the period 1950-69.

Comparisons Hetween Cities. When the data of
Table 3 are separated by city (Table 4), the patterns
of variation by dose within age ATB ecochorts are
similar. Repgression estimates of absolute risk
(excess cases per 100 PYR), by age ATB and city,
are given below

iz, 0—9 rad BOBHME S ARBIZEETH S L v
ML SHEAIILZLDOTIH L. FOHAIE, 10—99
rad HA AT HEEROBEOHEYNEREL 1 L0 L
HEIIKTCHE (P<.0B)26THS. 10rad L) o)
Bt 0 — 9 rad BOMLMERE O KREEFERHITH &
& U R R ) R R B O T, A
IHEETIZE V., EBRBEN—198Ts -/~ 26— BT,
1950 — 6945 & M ) K& 50 12 Uil 0 B RS E R AR TR
Ao EMAO 6O R HOME EIRERERS T S
NAZrEEAC MY 5.

MO, &30GHEMHmEMCTEL 2B
(#4), FEGOFEE D5~ FEROGRZE 6 im (358
LT a. MR @G B 5 & OV i B onds o i g 52 [0
#HEEME (106 ASF rad L7220 o WM $0) 12 TFRIDRA.

Age ATB Hiroshima Nagasaki
T BRI O 4 b g % i
10-19 2.9%1.3 2.2+1.0
20-34 1.7 £1.0 25%1.5
35-49 0,5+1.0 0.9+41.3

50+ 16 £1.9 0.5 3.6

Within cities, the estimated slopes do not differ
significantly by age ATB; the estimates of the slope
for each city, obtained by assuming a common slope
for ages 104 ATB, but age-dependent intercepts, are
1.8 £0.6 in Hiroshima and 2.0 £0.7 in Nagasaki. In
Figure 2 the rates of Table 4, standardized to the
overall person-years distribution by age ATB for
the combined cities, are plowed with respect to
dose. The regressions tabled above have been
standardized in the same way and plotted in Figure

2.  The comesponding standardized absolute risk
estimates are 1.90 and 1.88 excess cases per 100
PYR for Hiroshima and Nagasaki, respectively. In

spite of the different gamma-ncutron composition of
TGS dose in the two cities, Hiroshima doses having
a substantial neutron component and Nagasaki

almost none, therates and regressions are very close.

A recent Oak Ridge National Laboratory report gives
attenuation factors of approximately .55 for neutrons
and .80 for gamma radiation (plus a small amount of
gamma radiation derived from neutrons) for computing
dose to breast tissue from T65 dose (kerma).Zl
By transforming the average gamma and neutron kerma
values in rad for each of the dose intervals 0, 1-9,
10-49, 50-99, 100-199, and 200+ total rad, respectively,
the rates and regressions of Figure 2 were recomputed
in terms of total dose (gamma + neutron) to breast
tissue and shown in Figure 3. While the relation of
the two regression lines to each other is changed
from Figure 2 to Figure 3, the dose response
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MOBfEBE T A, LALYUKFEERKET S, W
FELTHENLMHEZAFhODEOHEMILER T
1.8+ 0.6, BWTIT20+07ThHd. M2 T, #4
OFEAL, WiliEi L THRBFERICHE AT H &
#IE LT, Mitd b L cRLA. 24, LEOELZRL
ZEROSEREREFETEELLTE2IRLA
PAZHI Y & S IR+ & U Bes o0 450 H6 {1 % o f7 e 32 4 5 1
ik, 10 AfFrad G20 Z 07 Fh1.90% L 0U01.880 0 1
MeAs, MHicsET2TEHEEON »w— « PHET
WizEHHE. Tabb, EROGRICIGHLBROPE
THAEE N, BEWICRELAESZ N, LhhdbseT,
IO E L CREBHEE SIS IZEMUL TV S,
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TABLE 4 INCIDENCE RATES AND RELATIVE RISK FOR BREAST CANCER, BY T65 DOSE & CITY, AGES 10+ ATB

a4 OWIHT BREES X UHANERE: TEHIES X OB, FRIEER0&L |
T65 Dose in rad
Age ATB Statistic
NIC 0 1-9 10-49 50-99 100-199 200+ Unk
Hiroshima
10-19 Cases 5 6 (1] 6 4 1 3 1
MRate 124 98 0 276 738 243 737 154
RR 1.8 1.0 R ToA* 2.2
20-34 Cases 7 18 11 4 3 3 4 3
Hate 129 220 293 129 351 635 858 696
RR 0.5 1.0 0.7 3.1%* 29
35-49 Cases 13 26 8 13 2 4 1 0
Rate 286 332 247 408 250 849 266 0
RR 0.9 1.0 1.2 1.9 0
B0 Cases 5 17 2 6 i] 2 1 0
Rate 257 438 127 419 1] 1404 866 0
RR 0.7 1.0 1.0 3.3 0
All Ages Cases 30 67 Z1 29 9 10 9 4
al"RaLe 188 245 179 283 384 684 662 266
RR 0.9 1.0 1.4 3.0%¢ 1.2
Nagasaki
10-19 Cases 2 1 2 1 2 4 0
*Rate 107 66 227 238 333 724 0
RR 3.7 1.0 =T 17.5"» 0
20-34 Cases 5 1 7 3 1 2 4 1]
Rate 302 92 420 333 292 592 1097 0
RR 1.0 1.0 1.1 2.9% 0
35-49 Cases 1] 2 3 1 0 1 1 1
Rate 0 270 146 128 0 582 508 1026
RR 0 1.0 4 2.3 4.3
ho+ Cases 1 0 3 2 0 1 0 0
Rate 245 0 471 576 {] 1178 0 0
HR 0.8 1.0 1.4 2.3 0
All Ages Cases 8 4 13 8 2 6 9 1
abRate 157 123 255 278 159 592 593 284
RR 0.8 1.0 e 1.4

a. Incidence per 10° PY

b. Standardized to the person-years distribution by age ATB for the combined cities

* P<.0b
e P01

functions for the two cities continue to have

essentially the same slope.

For neither city, nor for the combined cities, was a
statistically significant improvement in fit obtained
by replacing T65 total dose by separate terms for
gamma and neurron components in the regression
equations, by using a gamma-squared term, or by
allowing the regression equation to have a term for
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FIGURE 2 AGE STANDARDIZED RATES & FITTED LINEAR REGRESSIONS FOR BREAST CANCER

INCIDENCE WITH RESPECT TO KERMA IN RAD, HIROSHIMA & NAGASAKI
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FIGURE 3 AGE STANDARDIZED RATES & FITTED LINEAR REGRESSIONS FOR BREAST CANCER
INCIDENCE WITH RESPECT TO BREAST TISSUE DOSE IN RAD, HIROSHIMA & NAGASAKI
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TABLE 5 AGE-STANDARDIZED RATES, RELATIVE RISK AND ABSOLUTE RISK ESTIMATES FOR BREAST
CANCER INCIDENCE, BY T65 DOSE & CALENDAR TIME, AGES 10+ ATB

5 FLEEEFE T 5 MBI, MMmfERES LB EREORER: TEME S &0
I R, OEREERS1048 L

T65 Dose in rad

Absolute risk:
Excess cases/10% PYR

Year Statistic
BEIR
NIC 0.9 10:99 100+  Unk  Total Type Regression
1950-54 Cases 1 15 10 5 1 52
"Rate 43 118 232 469 224 156 2.0 1,2 40.7
RR 04 1.0 2.0 4, 0%* Lo
1955.59 Cases 14 29 T 6 1 57
Rate 225 226 144 537 382 225 —0:1 0.1 +0.86
RR 1.0 1.0 0.6 % 4 1.7
1960-64 Cases 13 43 18 11 2 87
Rate 224 363 430 6l 301 370 2.0 24+1.0
RR 0.6 1.0 1.2 Z.4xs 0.8
1965-69 Cases 10 18 13 12 1 54
Rate 1492 164 342 788 201 251 3.8 2.9=+1.1
RRE 1.2 1.0 i 4.9%* 1:8
a Incidence per 10° PY, standardized to overall person-years distribution by age ATB
b P =.056
* P<.05
» P<.01

Each of these
form of the

upward curvature in total dose.

variations in the functional dose
response would be appropriate if the carcinogenic
effects of gamma and neutron radiation to the breast

were different.

Comparisons by Calendar Time and Age ATB.
Dose-specific incidence rates and relative risks,
standardized to the overall person-years distribution
by age ATB, are given in Table 5 for consecutive
S-year intervals after 1 Ocrober 1950, It is evident
from the highly significant 100+ vs 0-9rad contrast
for 1950-54, and the similar relative risks for 1955-59
and 1960-64, that a dose-related difference in breast
The
* interval 1965-69 is characterized by lower incidence
in most dose classes, but higher relative risks for
the medium and high dose intervals. The lower
incidence suggests that the ascertainment for the

cancer incidence was present before 1955.

last 5 years is incomplete, presumably because of
delays berween diagnosis of breast cancer and
ascertainment in our investigation (case finding was
completed by early 1971),

The data of Table 5 are given separately by age
ATB in Table 6. The under-ascertainment for
1965-69 is evident for those aged 20+ ATB, but in
those aged 10-19 ATB the increased incidence from
1960-64 to 1965-69 is such that incompleteness for
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TABLE 6 RATES, RELATIVE RISKS, AND ABSOLUTE RISK ESTIMATES FOR COMBINED CITIES, BY AGE ATB,
CALENDAR TIME, AND DOSE

®6 B, HMABKREL LCESEBREOREM, FHAH: FRETEM, EEH L URRH

. Té5 Dose in Had CAbsolute Risk Estimates
AREATR m‘":f’ri‘;i T Statistie NIC 0.9 1099 100+ Unk:  Total dffﬁLR ®Regression
10-19 195054 Cases 0 0 1 0
(15-28) 3Rate 0 0 111 0 ] 14 0.4 -
RR . . - . _
1965-59 Cases 2 0 0 0 0 2
(20-33) Rate 121 0 0 0 0 30 0 -
RR i
1960.64 Cases 3 2 5 3 1 14
(25-38) Rate 183 64 480 588 375 213 5.6%*  3.4%1.8
RR 2.9 1.0 75> 9.2*% 5.9
196569 Cases 2 b 7 7 0 21
(30-43) Rate 123 161 679 1390 ] 322 D.3*" H.6+2.3
RR 0.8 1.0 4. 2% B.G** 1]
20-34 1950.54 Cases 0 1 1 2 1 5
{25.43) Rate 0 30 B85 536 G96 B1 2.0 2.0£1.56
RR 0 1.0 2.8 17.8* 23.2
1955-59 Cases 3 10 1 2 4] 16
(30-48) Rate 143 260 73 464 i} 208 =11 0.5£1.0
RR G 1.0 3 1.8 0
1960-64 Cases 5 18 5 5 1 34
(35-53) Rate 254 474 373 1180 615 442 1.1 3.042.0
RR 0.5 1.0 0.8 2.5 1.3
196569 Cases 4 a8 4 4 1 21
(40-58) Rate 207 214 304 968 627 322 3.1 3.2+1.9
RR 1.0 1.0 1.4 4,.5% 1.7
35-49 1950-54 Cases 1 10 5 2 [ 18
(40-58) Rate 156 322 424 696 { 335 1.9 0.6£2.3
RR 0.5 1.0 1.3 .2 0
1955-54 Cases 7 13 4 2 1 27
(45-63) Rate 418 369 299 613 1379 380 —.1 0.8£1.6
RR 1.1 1.0 0.8 1.7 o
196064 Cases 3 12 6 2 ] 23
(50-68) Rate 186 357 471 646 0 347 1.8 0.7+1.7
RR 0.5 1.0 1.3 1.8 1]
1965-69 Cases 2 4 1 1 0 B
(55-73) Rate 132 126 83 343 0 128 0.1 0.2x1.1
RR 1.0 1.0 0.7 2.7 0
50+ 1950-54 Cases 0 4 3 1 0 8
(55+) Rate (1] 208 443 823 0 251 3.6 1.6+3.6
RR 0 1.0 2.1 4.0 L]
195559 Cases 2 6 2 2 0 12
(B0+) Rate 238 316 294 1721 0 336 2.3 4.3+£3.9
RR 0.8 1.0 0.9 5.5 0
196064 Cases 2 11 2 1 ] 16
{65+) Rate 315 745 375 903 0 579 —3.3 o
RR 0.4 1.0 0.5 1.5 0
1965-69 Cases 2 1 1 0 1] 4
(7T0+) Rate 436 92 273 0 { 167 15 -
RR F 1.0 3.0 0 0

*,**: P< .05, P<.01, by Fisher's exact test®  See fooinote Table 2
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1965-69 can only be inferred from the pattern for the
older cohorts and from one time distribution within
that period. The main contribution of new cases
after 1960 came from those aged 10-34 ATB, while
most of the cases diagnosed before that date came
from the older cohorts, Nevertheless, the excess
high-dose incidence during 1950-54 was contributed
in nearly equal proportions by those aged 20-34,
35-49, and 50+ ATB. While the dose response seems
to have remained fairly constant in those aged 35+
ATB, allowing for incomplete case finding for 1965-69
and sample attenuation, the gradient apparently has
for those aged 20-34 and
(especially) 10-19 ATB. The absolute risk estimates
in Table 3, which are not significantly nonhomogeneous
by age ATB, can be seen from Table 6 to be dilutions
of relacively high absolute risks for the periods
1960-64 and 1965-69 by the addition of a period
(1950-59) of low breast cancer incidence for these

increased over time

cohorts. The relative risks, on the other hand, are
not affected by such dilution. The high relative
risks in Tables 3 and 6 for those aged 10-19 ATB
can be ascribed as much to the low natural breast
cancer incidence at the ages at risk observed for
this cohort (ages 15-43) as to the high absolute risk.

AL, 1965—69FE IR B 2AFF AT L0, HER
IR — FHICET AR EMMAIZE T S 1EST S
Ll TEZLZETTHS. 19604 L) B o 37 AE 61 12
FELTRBBIN—METLI-AEIIBVTRELELD
ThaH, b, ThLUMMCBHREOAZERNOIEEALY
i, Flomwads— FHICIEVTRZ280TH 2,
WL, 1950—SAFEOMIcE T A EaRETOR
AN ARG AT20— 34, 35—49% & UFS08E L)
DEFIEVWCIZEFR CARTRD oL, B35
Pl BT d - 7o 812 30 T 1965— 694E O [ O fE I FE 20 40 4
EETED, HRFOWFWLLTAFAEL, Hi
RIS L TARECHE - LI Th Sy, 20—
FLU(HIZ) 1019 TH-AF b2l DE 12
FEEA WML L7 Th 5, 3 ICH T EREE G,
RIS ER Iz o TS CEREHETII 20, 2he?
Toh— PRI 1T B L O R 3 AL Ao 22 IR (1950—
SOE) A MA ATk T, Ml A thdiey s -
72 1960—644F & 1965—GIENBOEHFE 6 (2AH NS L
ZEIETFTehE, —F, HAdNERELZOMBESL S
T, BHBREFI0—-19ETh-oLHII20TOEIHLU
THICHFEAT LI WMeAMMERSER, cOas— |
HOMBEEEER (15—43:8) 2 T 2 2BOE W B 55
EFERLMVBMERELRICLICEHEBEEED 5 5,

TABLE 7 BREAST CANCER CASES AGED 10.10 ATE, BY T65 DOSE & AGE ATB
# T FLERM, SEERFIEMRE10— 1988 : T 65 R & b UF SRR AR i

T65 Dose in Rad

Ape ATB Unk. Total
NIC 0-9 10-99 1004

10 0 4] 0 0 0 0

11 1] 0 1 1] 0 1

12 0 0 X 1 0 3

13 0 0 3 1 1 5

14 2 1 1 2 ] 6

15 0 1 0 2 { 3

16 1 4 0 {1 { 5

17 2 0 3 0 0 5

18 1 1 3 1 0 6

19 1 0 0 3 0 4

Total 7 T 13 10 1 a8
The distributions of person-years by age ATB FUREE10— 19 T & — /= 28 — R O ERERER I O
within the 10-19 age ATHB cohort are roughly NEEMS AL, JEMBE, 0—9 rad, 10—99rad # k&

proportional for the nonexposed, 0-9rad, 10-99rad,
and 100+rad groups. Of 14 breast cancer cases
occurring among the nonexposed and 0-9 rad groups,
all were aged 144+ ATB, while in those with 10+rad,
B out of 23 were aged 11-13 ATB, the rest older
{(Table 7). The single unknown dose case was aged
13 ATB. Since the unknown classification conrains
only individuals who were close enough to the
hypocenter to have received a substantial air dose
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if they had been unshielded, but whose shielding
configurations were sufficiently complicated to make
dose estimation difficule, it is reasonable to assert
that the average dose of this group is at least
10rad. 2% This disproportion is not large enough to
rejece the null hy pothesis of no difference in age ATB
distribution between the two broad exposure groups
by a statistical test based on an age cutoff other than
13 years, or by a rank test, but if the cases are
arranged in a 2 by 2 contingency table, nonexposed
and 0-9rad vs 10+ rad, ages 10-13 ATB vs ages
14-19 ATB, the chi-square
value is stadstically significant (4.2 without the

unknown dose case, and 4.8 with it). This sratistical
maneuver should of course be viewed with distrust,
since the data have been arranged in the only way by
which a statistically significant difference could

possibly be found. However, the choice of age 13 is

a reasonable one if it is hypothesized that breast

tissue may be especially sensitive to radiation at
of early development. Breast budding
typically begins about 2)4 years before menarche,
and the mean age at menarche in Japan in 1945
appears to have been around age 14%.25-27 A sub-
stantial part of the excess incidence in the 10-99 rad
dose interval is made up of cases aged 13 or less

ATB, but a sratistically significant excess remains
in the 10-99 and 100+ rad intervals, with relative
risks of 3.0 and 7.0 respectively, if the comparisons
are based only on cases aged 14+ ATB, and the
statistical significance is retained for both groups
even for those aged 15+ ATB.

continuity-corrected

stages

Figure 4 shows life-table estimates of cumulative
breast cancer incidence by year after 1950, dose,
and age ATB. In the three cohorts aged 20+ ATB
the 0-9rad and 10-99rad curves are almost
distinguishable from each other, and distinct from
the 100+rad curves, while in those aged 10-19 ATR
the 10-99 and 100+rad curves are both distinct from
the 0-9 rad curve, but less distinct from each other.

in-

In the older cohorts, the distribution of high-dose
cases during the early years does not suggest
truncation of the sort one might expect if the effect
had begun before 1950, whereas Table 5 suggests
that the effect was detectable before 1955. This
implies a minimal latency of betrween 5 and 10 years.

In each cohort, low-dose, middle-dose, and high-dose
cases began accumulating ar about the same time,
although ar different rates. For each cohort the
disribution of cases over time is similar for all
three dose intervals. Figure 5 shows the cumulative
frequency distribution of dates of diagnosis of
breast cancer for women under age 30 ATB, according
to TG5 dose. Differences in the three curves are

practically indistinguishable.
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FIGURE 4 LIFE-TABLE ESTIMATES OF CUMULATIVE BREAST CANCER INCIDENCE PER 1000
WOMEN FREE OF BREAST CANCER IN 1950 BY AGE ATB, YEAR, & T65 DOSE
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In Table 8 high-dose breast cancer observed during
1950-69 is compared for each age ATB cohort with
the number expected according to the rates for
Miyagi Prefecrure,!® not only for 1950-69 but also
for lifetime after 1950, By 1969, the 1048 women
exposed to 100+rad at ages 10-19 ATB had already
experienced 10 cases of breast cancer, whereas
their normal expectarion at the rates for Myagi
Prefecture was only 1.4 cases for this period, and
their 1950 was only
11.5 cases. That is, they had already, by 1969, expe-

lifetime expectation afrer
as many breast cancers as would
normally be throughout their
entire lives. Forthe older age groups the comparisons
are even clearer; in each case the number experienced
by 1969 exceeds the lifetime expectacion (after 1950)
at Miyagi rates. The observed excess of high-dose
over low-dose cases therefore represents new cases
of breast cancer caused by A-bomb radiation, rather
than time of appearance of
cancers that otherwise would have appeared later
in life.

rienced nearly

expected to occur

an acceleration in
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FIGURE 5 CUMULATIVE DISTRIBUTION OF TIME TO DIAGNOSIS OF BREAST CANCER AMONG
WOMEN AGED UNDER 30 ATB BY T65 DOSE
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TABLE 8 OBSERVED AND EXPECTED BEEAST CANCER CASES IN WOMEN EXFPOSED TO
100+ rad, BY AGE ATB
#8 100rad L) L@ Ltz s 2 HBOMERE & OUWIREE T BRLEE MG 5
Breast Cancer Cases
Age ATB Number of —_—
women Expected
Observed Expected Lifetime
1950-69 1950-69 after 1950
0-9 429 ] 0.1 4.7
10-19 1048 10 1.4 115
20.34 BB7 13 3.8 9.5
35-49 685 7 3:5 5.2
50+ 309 4 0.9 1.1
Total 3348 34 8.7 32.0
Expected rates based on rates of Miyagi Prefecture .
DISCUSSION ¥ =

Since the present series is a partly recrospective

2 = - S T i 3
accumulation of cases diagnosed over a 19-year FWE, WEMOBRAOBRELZMTLEIOT,
period, much of the analysis has been devoted to a BT EE L THREMEL AR OaRERIZoOWVWTE
critical examination of possible bias in_relation .to WMot ior, BEOBEENFZOL S R RIO RN
dose. Several factors have made such scrutiny

possible: the fixed cohort approach, complete EAfEIZLA: T4by, BEa+t— I REBETHETL,



mortality follow-up by cause, a high level of
recognition of breast cancer in the certification of
cause of dearh, the inclusion of an important part of
the sample in a clinical surveillance program since
1958, and the opportunity to compare the series with
that for another rumor presumably not influenced by
atomic radiation and gathered at the same
in the same way. The analysis fails to show a
complete reporting of breast
occurring among those exposed to high, as opposed
to low, dose levels. The analysis does suggest that
there may be substantial delays in the reporting
process, however, leading to under-ascertainment at
all dose levels for cases diagnosed during the period
1965-69. Such under-ascertainment should result in
under-estimation of absolute risk, but not of relative
risk, for the affected time intervals.

time

more cancer cases

The statistical evidence is quite strong that the
incidence of breast cancer has been higher among
women exposed to high levels of A-bomb radiation
than among women of the same age exposed to lower
levels. Those exposed to 100+rad had 3.3 times the
breast cancer incidence of those exposed to less than
10 rad. However, evidence of increased risk for those
in the intermediate dose range (10-99 rad) was strong
only for those exposed at ages 10-19,

The dose-response function is reasonably linear, and
There is no evidence
suggesting that gamma and neurron radiation entail
different risks per rad. For those aged 10+ ATB,
the average excess risk per rad over the period
1950-69 is 1.9 cases per 106 PYR. This figure is
an average, representing a fairly constant dose-
response over time in those aged 35+ ATB, and an
early period of very little incidence, followed by
a period of increasing incidence, with stronger
differences between high and low-dose exposure
groups, in those aged 10-34 ATB. For this reason,
estimate is substantally below the BEIR
Committee’s estimate of about G excess cases
per 106 PYR, obtained from death certificate daca
for those aged 10+ ATB by doubling the observed
excess deaths per rad in those exposed to 10+rad as
compared to those with 0-9rad, for the period
1965-70.7

is similar in the rtwo cires.

the

Breast cancer is clearly a major effect of ionizing
radiation. For women, it is already comparable to
the leukemogenic effect, and leukemia incidence has
been falling in the heavily exposed whereas that
for breast cancer is still increasing. Comparative
estimates of the carcinogenic effect on major tissues
thus far identified as sensitive to atomic radiarion
are as follows:
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Period of Excess Cases

T;Z:;E ?ﬁiz&;\;;: Obselrvaticm /106 PYR
12 %= KA 105 A rad 9 2 0 @ gl
Bone Marrow?28 g All Ages %%4%M 1950-70 1.6
Breast EN 10+ 1950-69 1.9
Lung?®  nime 20+ 1950-70 2.0
Thyroid2? meg All Ages 4+iEm 1950-71 1.2

In Japan the liferime expectation of breast cancer is
ahout 1%, and for all the age proups except those
under age 10 ATB the women exposed to 100+ rad had
already, by 1969, approximated or exceeded their
lifetime expecrtation (after 1950). Thus the evidence
indicates an increase in lifetime risk among the
heavily exposed, rather than an ‘‘acceleration’ in
of appearance of latent breast

possibility suggested by MacKenzie.?

time cancers, a

Previous analyses of breast cancer among A-bomb
survivers made use of mortality data or incidence
in the small AHS sample.5-8:28  Only now, when
incidence data are for the first time available for the
entire LSS sample from 1950 onward, is it possible to
see that the period of minimal latency was under
10 years. This is consistent with other reports;
Myrden and Hiltz’s4 earliest case occurred 8 years
after beginning pneumothorax rtreatment; 3 of
MacKenzie’s3 first 40 cases occurred within 10 years;
and 2 of the 13 cases of Metter er al® occurred
within 10 years of irradiation. In none of these,
however, is it possible to state at what point in the
follow-up a staristcally significant excess first
occurred. Within the 1950-69 period of observation
the earliest cases among A-bomb survivors exposed
to 100+ rad occurred in 1952, 7 years after the A-bomb,
and by 1955 the excess had achieved statistical
significance. Whether the buildup actually started
before 1950 cannot be detemined from these few
observations, but the distribution of cases over the
interval 1950-54 is more suggestive of a minimal
period of 5-10 years than a shorter one.

The interval from exposure to diagnosis seems
unaffected by dose, for subjects of the same age
ATB. Cases fall naturally in.accordance with the
age-specific pattern usual for this tumor in Japan;
the only difference is that the high-dose groups have
more cancer than expected from the experience of the
low-dose groups or from the cancer registries in
Japan. This is in marked contrast to the wave of
high-dose leukemia incidence, with amplitude and
location of peak dependent upon age ATB as well as
on dose.30 Thus, by 1969 only one (nonexposed)
case of breast cancer had been found in those under
age 10 ATB, the earliest of 10 high-dose cases
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among those aged 10-19 ATB occurred in 1962, and
only 4 of 13 high-dose cases aged 20-34 ATB
occurred before 1961. MacKenzie’s? conclusion that
radiation-induced breast cancer occurs at younger
ages is invalidated by the nature of his comparison,
in which the generally younger patients treated for
wberculosis had not yer been followed throughout
their lives, but were compared with a group of breast
cancer cases representing the normal distribution of
breast cancer throughoutr a full lifetime.
Mettler et al® found no cases of breast cancer
diagnosed before age 30 in their small series of
women with mastitis treated by X-ray.

Moreover,

The ahsence of any breast cancer cases among those
exposed to the A-bomb at ages under 10 is not
surprising in view of the very few cases diagnosed
in those aged 10-19 ATB at comparable ages at risk
and the under-ascertainment of cases during
last 5 years, when the oldest among those aged
0-9 ATH were reaching ages of usually nonnegligible
breast cancer risk. Iknayan?! has reported a case of
breast cancer in a woman given radiation therapy at
age 1 for a birthmark adjacent to the nipple of the
affected breast; the cancer was diagnosed at age 28.
It is therefore atr least plausible that radiation
exposure to the breasts in early childhood may cause
breast cancer, but if so the present data indicate that
such cancers do not develop before the usual ages at
At least another 5-10
years of observation will be required to determine

the

which breast cancer occurs.

the existence or nonexistence of a breast cancer
effect in this group, and to begin to estimate irs
magnitude.

FEven though the present data provide no evidence
that radiation-caused breast appears at
earlier ages than usual, there is some indication

cancer

that the susceptibility of female breast tissue to
ionizing radiation may depend upon age at exposure,
The dose response of those aged 35-49 ATB is not
steep, the estimated absolure risk being only about
0.6 excess cases per 106 PYR for 1950-69 and in
each of the S-year intervals. In fact, it is only the
statistically significant high-dose excess in the
age 20-34 and 50+ ATB cohorts that allows the
conclusion that the smaller excess in the age 35-49
ATB cohort probably represents a true radiation
effect. The estimated excess of 1.4 cases per 106
PYR in those aged 50+ ATB is based on relatively
few cases and person-years, so that stable estimates
by S-year intervals are not possible, but there is no
reason to conclude that the radiation effect has
changed over time.

The situation is quite different for those under
35 ATB. Those aged 20-34 ATB had a statistically
significant high-dose excess during 1950-54, based
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on very few cases, which was not continued during
the next 5 years. The overall excess during 1950-59
was about 1.0 cases per 106 PYR. By 1960, however,
the youngest members of this cohort had reached age
35, and the excess during 1960-69 was about 3.1
cases per lUEPYR, with a low-dose rate comparable
to that in the older cohorts for the entire period
1950-69, Only 3 cases of breast cancer were
diagnosed prior to 1960 in those aged 10-19 ATB.
Thus the estimated absolute risk for 1950-69 (2.5
excess cases per 108 PYR) represents a dilution by
about half of a much higher absolute risk for 1960-69.
Moreover, within the latter decade the estimated
absolute risk increased from 3.4 excess per 109 PYR
in 1960-64 to 5.6 in 1965-69, when the members of
this cohort were between ages 30-43. Unless the
under-ascertainment for the most recent 5-year period
was biased with respect to dose, and we have no
reason to believe this, the value 5.6 is probably an
underestimare.

Doll?2 has discussed the biologic significance of
the frequently observed increase with increasing age
at exposure in the absolute risk associared with a
carcinogen, suggesting that those of greater age at
exposure will on the average have accumulated a
greater number of other environmental insults with
which the radiation injury (in this case) might
«<combine to initiate the carcinogenic process. Of the
four major identified
the A-bomb survivors, that for the lung is the only
one for which there may be an increase with age
ATB-ES.Z‘JJ:Z

carcinogenic effects among

It is important to remember, however,
that the evidence for the opposite trend in radiation-
caused breast that is, an
absolute risk with decreasing age at exposure, is the
result of looking at different periods of calendar time
(and different apes at risk) for the four age ATB
cohorts.  An incidence study based on the period
1950-59 only would show an increase in absolute
risk with increasing age at exposure, simply because
very little cancer had occurred by 1959
among those exposed at ages under 35, and absolute
risk is heavily dependent upon the overall level of

cancer, increase in

breast

incidence.

Buell33 has shown that breast cancer incidence
among American-born  Japanese the
San Francisco-Oakland metropolitan region was, by
1969-71, approaching that for the white population,
a possible indication of the effect of exposure at
early ages to a higher-risk lifestyle than that in
Japan. However, a similar trend was also observed
in women of the immigrant generation under age 65,
whose exposure to a western lifestyle began later in
life, although for many it began in childhood or early
adulthood. Breast cancer incidence among Hawalian

Japanese during 1960-64 was intermediate between the

women  in
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1969-71 San Francisco-Oakland rates and the 1966
rates for Okayama Prefecture.l!6 However, breast
mortality among Japanese in Hawaii and
California had remained much closer to that in Japan
than to that for the white American population,

indicating that incidence among American Japanese

cancer

may have undergone a quite recent increase, 33,34

It is tempting to try to explain the apparently higher
sensitivity to radiation of those aged 10-19 ATB by
the fact that many members of this cochort were
nearing menarche ATB, when their breasts
developing and possibly more sensitive to radiation.
A disproportionate number of the cases among those
exposed to 10+rad were under age 13 ATB, as
to those NIC or exposed to less than
10 rad; this is particularly true of those exposed to
10-99rad, a group statistically
significant excess risk only for those in this age
ATH cohort. However, the high relative risk for the
10-99 and 100+rad dose intervals are not drastically

were

compared

that shows a

reduced even when the comparisons are limited to
those aged 15-19 ATH; cthat is, there is evidence of
increased sensitivity to radiation among those aged
15-19 ATB, compared to those aged 35+ ATB, and
compared to those aged 20-34 ATB. The
significance of age at menarche relative to age at

even

exposure should become clearer as more cases of -

breast cancer are identified among survivors in the

age 0-9 and 10-19 ATB cohorts.

Another possible explanation for increased sensitivity
to radiation in the young, which, unlike the exposure-
at-menarche hypothesis, would also predict increased
risk in those aged 15-19 and in the early twenties
ATB, is that most of these women were exposed
prior to their first pregnancies. Breast cancer risk is
known to increase with the age at which a woman
bears her first full-term child, women first parous
before age 18 having about one-third the breast cancer
risk of those whose first delivery is delayed until
age 35 or older.3’ MacMahon et al36 have theorized
that this fact is due to etiologic factors operating
during the first decade or so after menarche; that
““the first full-term pregnancy has a ‘trigger’ effect,
which either produces a permanent change in the
factors responsible for the high risk or changes the
breast tissue and makes it less susceptible to
malignant They also note an
analogy with chemically induced breast cancer in
the rat; in that species, pregnancy before exposure
to the carcinogen decreases tumor yield, but
pregnancy after exposure increases the yield and
accelerates tumor grcn'\rth.3'?'39

transformation.’’

The present data are what might be expected from the
above hypothesis: relative to those aged 34+ ATB,
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the high and medium dose risks are greatly elevated
in those aged 10-19 ATB,
been pregnant before August 1945, and there is

most of whom would not
have
also a somewhat smaller elevation of the high-dose
risk in those aged 20-34 ATB, many of whom would
still have been nonparous by 1945, the
age ATB distibution of high-dose {100+ rad) breast
cancer cases is not remarkably different from thar in

However,

T.il‘.‘ none .‘CI\(\H{_“! LIT]C[ l(}\\"‘(!L).‘iL‘ gr(‘T]I:‘R il'l tho‘:c Elg!'d
20-34 ATB;
nonsignificant

the only difference is a statistically

deficit of
those aged 31-34,

high-dose cases among

Age at first delivery could also be involved if most
women under 20 ATH were nulliparous and, whether
because of delayed marriage or fear of genetic
defects in r]lC'irprog(‘ny, ]l[g}i-dlj.‘it" women diffl:l‘(:ntiﬂ.“y
delayed their reproductive performance sufficiently
to elevate their natural risk of cancer.3® Studies of
the marriage rate and fertility by Siegel*? and Blot
and 5;1“-;td;t“'*| however, do not support this line

of reasoning.
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