TECHNICAL REPORT
RERF TR 15-84

X M B & ®

INCIDENCE OF FEMALE BREAST CANCER AMONG ATOMIC BOMB
SURVIVORS, HIROSHIMA AND NAGASAKI, 1950-80

BEREBREICS TS LMEILEDRE,
LB R U ERIE, 1950 —80 &

MASAYOSHI TOKUNAGA, M.D. {7 il %
CHARLES E. LAND, Ph.D.

TSUTOMU YAMAMOTO, M.D. WA 5
MASAHIDE ASANO, M.D, %97 L3
SHOJI TOKUOKA, M.D, f#[#l5 &
HARUO EZAKI, M.D. iLifif &

ISSEI NISHIMORI, M.D. F#—IE

RADIATION EFFECTS RESEARCH FOUNDATION
MEZEA MK EMERE R
A Cooperative Japan - United States Research Organization
H k # H M = # M



ACKNOWLEDGMENT
Mo

This study was performed under RERF Research Protocol (RP 17-81) with
funding from the National Cancer Institute (NO1-CP-01012). The authors
wish to thank the doctors of both cities who gave their permission to use case
information, and particularly the Tumor Registries of the Hiroshima and Nagasaki
City Medical Associations, the Tissue Registries of the Hiroshima Prefectural
Medical Association and the Nagasaki City Medical Association, Hiroshima
University School of Medicine, the Research Institute for Nuclear Medicine and
Biology of Hiroshima University, Nagasaki University School of Medicine, the
Atomic Disease Institute of Nagasaki University School of Medicine, and many
major hospitals of both cities,

SO EE N, KEE A 25 T £IB0) £ 213 (NO 1-CP-01012), HOERFEFZ ot
(RP17-81) EHSTWTERL A4 OThH3. EREROARAEFT L LA REL:
R O BEIEAL, & iR AR S O R SR, K BREME R CRETTEMS O
HACE L, RS AFEEEM, EBAFEBRMEE LR, RIAFESLS, B
EFAp IR P R MR, WIS B2 OFmEICHELEL 2.

In the continued interest of accurately defining the late effects of the atomic bombs, the qualitative and
quantitative characteristics of the A-bomb radiation exposure doses are periodically refined. If warranted by
future dose assessments, the data reported here will be reanalyzed and subsequently reported.
FIOBER LS EHOTERCIENT 2N -0, RBRMEHBREOHNY - ROBFE 2ow TEMMLE
HREMATWS., SEROBRFMICL-T, 2008 E A, FRORHLHEEFO L, BHTRET 5.

RERF TECHNICAL REPORT SERIES
8 RIS EIR

The RERF Technical Reports provide the official bilingual statements required to meet the
needs of Jupanese and American staff members, consultants, and advisory groups. The
Technical Report Series is not intended to supplant regular journal publication.

MO RS SE® L, HARYMRA, BN, BMEMOERCE:AAHDOEEGIE LS
NRMELETHS, EFRETLAMOE LRERTZRbIZbDTIL AV,

The Radiation Effects Research Foundation (formerly ABCC) was established in April 1975 as
a private nonprofit Japanese Foundation, supported equally by the Government of Japan
through the Ministry of Health and Welfare, and the Government of the United States through
the National Academy of Seiences under contract with the Department of Energy.
H bt SRR MR %A (76 ABCC ) 1£, WHISOEA A1 A IZAREAL LTREL AL DT, 20800 ETBEIGO
FHEALD, HFERFEAOMME, KER IV —HLoRMEESCEEELROBBEE LT
i Mgzt s,



BEH

RERF 8t [i Boo& E % W

RERF TR 15-84

RADIATION EFFECTS RESEARCH FOUNDATION

ip Research Project THZE %8 17-81

INCIDENCE OF FEMALE BREAST CANCER AMONG ATOMIC BOMB
SURVIVORS, HIROSHIMA AND NAGASAKI, 1950-80

REHBEICE I 2 4MIEDEE,

EE R UEIRB,

1950 — 80 %

MASAYOSHI TOKUNAGA, M.D. ( ik iF# )% CHARLES E. LAND, Ph.D.?;
TSUTOMU YAMAMOTO, M.D. ( L4 # )': MASAHIDE ASANO, M.D. ( %% iF% )*-
SHOJI TOKUOKA, M.D. ( &3 )° ; HARUO EZAKI, M.D. ( iT#i % )%
ISSEI NISHIMORI, M.D. ( #i#—1IE )?

RERF Department of Pathology!; Department of Pathology, Kagoshima Municipal Hospital2;
Radiation Epidemiology Branch, US National Cancer Institute?; Laboratory of Clinical Pathology,
National Hospital Medical Center, Tokyo?: Second Department of Pathology> and Department
of Surgery, Hiroshima University School of Medicine; and Department of Pathology,
Atomic Disease Institute, Nagasaki University School of Medicine”

PRSI R IR R RS R EW AT M R Rt B e
Bty —BEKREFAEY BBAFERFEE WHELHES RUINFEHES;
e 5 R 21 MR 94 B 7 R A O R BB B A BRI T

SUMMARY

Ascertainment of breast cancer incidence among
the cohort of the RERF Life Span Study
extended sample identified 574 breast cancers
among 564 cases diagnosed during 1950-80,
of which 412 cancers were reviewed micro-
scopically. There were no dose-dependent
differences with respect to diagnostic certainty
or histological type. As in previous studies,
the dose response appeared to be roughly linear,
and did not differ between the two cities. The
most remarkable new finding was the emergence
of a radiation-related excess among women
aged under 10 at exposure. The risk of radiogenic
breast cancer appears to decrease with increasing
age at exposure, whether expressed in relative or
absolute terms.

These results suggest that exposure of female
breast tissue to ionizing radiation at any age,
even during the premature stage, can cause breast
cancer later in life, and that the length of time
that tumor promoters such as endogenous
hormones operate following exposure has an
important influence on the development of
radiation-induced breast cancer.
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INTRODUCTION

A dose-related breast cancer risk among female
atomic bomb survivors was first shown by
Wanebo et al,! who reported 27 incident cases
in the Adult Health Study (AHS) sample?
during 1950-66. A corresponding excess of
breast cancer mortality in the larger Life Span
Study (LSS) sample was not seen for 1950-66,
but by 1970 a high-dose excess was apparent.?
It remained for incidence-level studies of the LSS
sample, in which diagnostic information was
agpressively sought from all available sources
and subjected to rigorous review, to demonstrate
conclusively the existence of a dose-response
relationship. The first such study, by McGregor
et al,® identified 231 incident cases during the
period 1950-69; the second, by Tokunaga
et al® increased the number to 360 during
1950-74. These numbers contrast markedly with
the numbers of breast cancer deaths obtained
in successive mortality surveys, amounting to
67, 104, 124, and 155 deaths by 1966, 1970,
1974, and 1978, respectively.>»*”® The present
report is the third LSS sample study of breast
cancer incidence and covers the period 1950-80.
With this report the number of cases is increased
to 564, including 10 bilateral cases. '

Previous findings have shown an apparent linear-
ity of the dose response and a close similarity
between the Hiroshima and Nagasaki data. The
dose-response data provided direct evidence of
an excess breast cancer risk from radiation doses
under 50rad.®? Very little breast cancer was
seen at any dose level among women who were
aged under 10 years at the time of the bomb
(ATB), but a strong dose response occurred
among women aged 10-39 ATB, especially those
aged 10-19 ATB. Evidence for a risk among
women aged 50 or more ATB was based on only
a few cases in the heavily exposed and was not
conclusive, while for women aged 4049 ATB
there was a statistically significant decrease in
risk with increasing dose.®'® Overall, although
heavily exposed women had much higher breast
cancer rates than lightly exposed or nonexposed
women of similar ages ATB, the pattern of risk
over time since exposure did not depend on
radiation dose.

Evidence of radiation-induced breast cancer
has also been found in studies of women who
received multiple chest fluoroscopies during
pneumothorax treatment for tuberculosis'!™*?
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or who were given X-ray therapy for benign
breast disease.'¥”®  The available data are
generally consistent, and a parallel analysis of
the basic data from one tuberculosis patient
series,”> one benign breast disease series,'® and
the 1950-74 LSS sample series® obtained
remarkably similar regression estimates of
numbers of excess cases per women-years (WY)
per rad average dose to breast tissue, for women
of similar ages at exposure and at observation
for risk.!® Data from the two medical series
included in the foregoing analysis were confined
primarily to ages 10-39 at exposure. On the
other hand, a study of Swedish women given
X-ray therapy for benign breast disease found a
substantial risk among women irradiated at
ages over 40,'® a finding that on the surface
contradicts the LSS sample data. Also. a recent
analysis of breast cancer mortality among former
patients at Canadian TB sanitoria concluded that
excess risk was proportional to the square of
total dose received from chest fluoroscopies
given during pneumothorax therapy,!” an
inference that runs counter both to other data
and to conventional radiobiological theory. 10,1813
Thus, although the recent outpouring of new
information on radiation-induced breast cancer
has made it seem one of the best known of
radiation-induced cancers, there is much to be
learned from further study.

MATERIALS AND METHODS

As in the two earlier surveys of breast cancer
incidence in the LSS extended sample,™® an
attempt was made to ascertain all diagnoses of
breast cancer obtainable from resources available
locally in Hiroshima and Nagasaki. The most
wide-ranging of these resources is the system by
which death certificate diagnoses routinely are
made available to RERF from death certificates
filed anywhere in Japan for members of the LSS
cohort. All death certificates for 1950-80 with
breast cancer listed as either the underlying
cause, a complication, or a contributing condition
were included in the initial ascertainment.
Community institutions in both cities were
canvased for breast cancer diagnoses, which were
checked against the RERF Master File for
LSS sample members. Material was collected
from the series of indexed cases in the RERF
autopsy program, the RERF collection of surgical
specimens, the Tumor Registries maintained
since 1959 and the Tissue Registries maintained
since 1971 by the City and Prefectural Medical

RERF TR 15-84

HBooshtwd, AFshTtvwidiEgeEssth
—HALZ0THY), #ELEHE " BELR
BBRAE,Y RULON—TAIFEAGREEHMES (-
o CHBEEH CMT VTR TIE, B
ERHRUREGBERARARTHIS KMo &I,
FUBSHLEE D rad FHHR ISV TOLHE (WY) 4
NoBFFE HEoBR#EEME L TR L ZHEXES
ni-. P pdoRifFlcegshs “onEENNEC
ETCEBTE, FE L THBFIO—308ETH- 1
HBIEs T, —7%, BHEILIRESO X HAK
% %) /- Sweden LML CM T AWE T, AOELL
THBLAZECAECRBBRBLZ2R O TLLIHT
ZOffRIZEm EEAERRTEAOER L FET 5.
7=, LIfC Canada OFEEHBH THRETH- 1
FIZ BT A2HMAECR IS 280N B
Ry, ANEEROMIZ2 298 ER Rz
L ABBERO _SFEICELG T 3 LERLTVSAY
COREGHIZE OO B, R UREORERED
FEMEREONF K T280THE. 0 2Ly
S BRI IUIMT AL WHR A R e
LTwazkrs, IBMABEHBEREDI LT
BLE<HoNALOD—D2ThEEEbhTVAY,
FITHAESIT-TEL{ D L A2EMTAHENH S,

HHERBEUHE

FamEELREAOIEREESFICMT 3 MO
—oOFE S EEMIC, LS - RO T T
A E AT ARER LM OB 2 TR T A L 12
L= Zhom&EREOS MLERIZHAS DL,
BT Y AR Lz THRESATVSHGHELH
o8 DAL PRI A SR I IR REIT 2 AF T &
AHIETH 5. KA OFEY ClE, 1950 —B0FE DM D
FECCRBRTA TRGER, & 0RE, X&) Kok nE o
WFRATHMECMENTOA TR TEMSR L L
FLAG B2 T ) 12 B L C R AR T o0 EEAE AR I A READ 12 R,
FhARORHESBE T I o>0THRBEIH O
F L BG Lo, PR o IR I SR BF 0 B A s
B 5 —EOEER, BGOSR E, L5 -
Feu O R FREM ST L 1950 LR s T
v B A R AR R R 1971 6 LR HERE & h T u AL



RERF TR 15-84

Associations of Hiroshima and Nagasaki, the
records of the medical schools of Hiroshima
and Nagasaki Universities, and records of more
than 50 other hospitals in both cities.

Clinical and pathological data, including histo-
logical sections, were sought for all cases iden-
tified in the initial ascertainment. When available,
tumor size, location, metastasis, extent of the
primary tumor, history of benign breast disease,
malignancy of other organs, method of therapy,
and marital and childbearing history were
recorded for possible later analysis. Cases were
reviewed on the basis of available materials and,
if accepted, were assipned diagnostic certainty
ratings on a 1-4 scale as follows: 1) death
certificate diagnosis only, 2) clinical diagnosis
only, 3) diagnosis' of malignancy made by
another pathologist on the basis of histological
materials not available to the present investigators
(probable), and 4) diagnosis of malignancy based
on microscopic review by the present investigators
(definite). In all, 412 cancers were coded grade 4,
70 grade 3, 54 grade 2, and 38 grade 1. Of the
10 bilateral cases, 8 were coded grade 4 and 1
was coded grade 3 for both breasts, and 1 was
grade 3 for the left breast and grade 4 for the
right.

The 412 breast cancers confirmed on the basis of
histological review by the present investigators
included 300 (two of them from a bilateral case)
which had already been reviewed and classified
by a binational team of pathologists from Japan
and the United States, including several of the
present investigators (MT, TY, MA, and ST).%°
A similar classification scheme was used for
the 112 new cancers (from 7 bilateral and 98
unilateral cases) not reviewed by the binational
team. The classification was according to the
World Health Organization (WHO) Tentative
Histological Classification of Breast Tumors,?!
modified so that it could be converted to either
the WHO or the Japanese Mammary Cancer
Society (JMCS) format.?? Modification included
the addition of three subtypes, “papillotubular,”
“medullary tubular,” and “‘scirrhous type,”
under each of the categories ‘“invasive ductal
carcinoma’ and “invasive ductal carcinoma with
predominantly intraductal component.” The
“papillary carcinoma” of the WHO classification
was deleted since these cases are included under
the papillotubular subtype. In classifying tumors
of mixed type, the predominant pattern was used
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if it represented more than 50% of the lesion.
As in the binational review, a special category,
“Cannot Subclassify Further” (CSF), was used
for those cases for which there was no predomi-
nant pattern, or for which there was no consensus
among the pathologists about subtype. All
designated breast cancer material was reviewed
without knowledge of exposure or dose.

The questions addressed by this study include
the existence of a radiation dose effect on breast
cancer risk, both overall and for different age
ATB cohorts; the functional form of the dose-
response relationship for radiation-induced breast
cancer, and numerical estimates of the excess
risk associated with radiation exposure, by
radiation dose, age ATB, and age at observation
for risk; the distribution of excess breast cancer
risk over time following exposure and its relation
to the distribution of breast cancer risk expected
in the absence of such exposure; and, finally,
the variation of pathological subtype and other
findings in those cases for which detailed infor-
mation was available to the present investigators,
by dose, age ATB, and age at diagnosis.

Although every effort was made to obtain a
complete ascertainment of breast cancer inci-
dence from locally available information sources,
it must be assumed that some diagnoses were
missed, especially among women who had
migrated from the two cities before their cancers
were detected. The extent to which the present
observations were biased by underascertainment,
and particularly, the potentially serious pos-
sibility that underascertainment may have varied
systematically by radiation dose, were examined
by a number of methods. Numbers of cases
identified from death certificate diagnosis, which
should represent a virtually complete ascertain-
ment of diagnoses from this source, were
compared with numbers of cases not so iden-

tified, by dose class, age ATB, and age at diagnosis.

A similar analysis was used to look for systematic
variation of diagnostic certainty grade by dose
and age. The AHS subsample,® which is subject
to closer surveillance at RERF than the remainder
of the extended LSS sample, was compared
with the rest of the sample to test for breast
cancer rate differences within dose and age
classes. Current addresses from the most recent
AHS examination cycle were analyzed with
respect to migration from the Tumor and Tissue
Registry reporting areas. Finally, the numbers
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of cases in the present series that were included
in the earlier series by McGregor et al® and
Tokunaga et al® were compared with the total
numbers with diagnosis dates in 1969 or earlier,
or in 1974 or earlier, respectively, to assess the
extent to which underascertainment may be a
matter of the time required for a diagnosis to
be reported to a Tumor or Tissue Registry or,
especially if the cancer was diagnosed outside the
Hiroshima and Nagasaki reporting areas and
eventually resulted in death, the time from
diagnosis to death.

The tentative 1965 dose (T65DR) system of indi-
vidual radiation doses, as recently modified,®?
has been used in dose-specific analyses in this
report. The LSS sample has been grouped by
total (gamma rays plus neutrons) kinetic energy
released in materials (kerma) in exactly the same
way as was done for the most recent LSS sample
mortality survey covering the period 1950-78.%
Average breast tissue doses from gamma rays and
neutrons were computed from the average kerma
values for these groups given in Appendix Table
1 of the above report,s using an algorithm
developed at Oak Ridge National Laboratory:
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Dg =0.80 Kg + 0.045 Kn,

Dn =0.55Kn,

where Dg and Dn represent the gamma ray and
neutron components, respectively, in rad of
average breast tissue dose, and Kg and Kn are the
gamma ray and neutron components of kerma,
also in rad.?®  This dosimetry, with minor
exceptions,a is identical to that used in the
previous two incidence surveys of breast cancer
in the LSS sample. ¢

Recent developments with respect to the
techniques used for reconstructing the radiation
doses to the Hiroshima and Nagasaki survivors
suggest that the T65 dosimetry may need to be
replaced by a new clt:)sin'natry,25 a change that is
expected within the next two years. Particularly
in question is the marked qualitative difference
between the two cities according to the T65
dosimetry: 15% to 30% of the estimated kerma
received by Hiroshima survivors was from neu-
trons, compared to less than 3% for Nagasaki
survivors. At the time of this writing, it appears
fairly certain that the T65 dosimetry will be
replaced, and that the final new dosimetry will
involve a less marked difference in radiation
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quality between the two cities. There should,
however, be no radical reordering of dose levels
within cities. Accordingly, the results of the
present analyses can be expected to remain valid
for questions that are relatively invariant under
dosimetric changes, whereas comparisons between
the two cities, or inferences about the precise
functional form of the dose-response relationship,
are more tentative. The latter two kinds of
analysis have been included, however, for two
purposes; analyses using the T65 dosimetry were
performed for comparison with the previous two
LSS sample series,”® and analyses using two
approximate interim dosimetries were made to
evaluate the probable effects of changes in the
Hiroshima and Nagasaki air dose curves?®?7 and
in the shielding coefficients by which the air dose
curves are converted to kerma values based on
shielding histories.?

Statistical tests for the existence of consistent
differences with respect to radiation dose or
other factors employ stratified contingency table
analyses by the same variant on the Cochran-
Mantel-Haenszel method?® ™' used in previous
LSS sample mortality reports.>”®  For this
report, however, the p-values for trend incor-
porated an Edgeworth series correction for
skewness and kurtosis that was merely presented
in tabular form in an earlier report.” Log-
linear model analyses®® were also employed for
certain comparisons involving variations among
risks measured in relative terms. Risk estimates
were obtained from iteratively weighted linear
and nonlinear regression analyses of crude and
adjusted breast cancer rates on dose, as in the
two previous LSS sample breast cancer series. >
In these regression analyses the variance of each
rate was assumed to be equal to its expected
value divided by the number of WY at observation
for risk.

As in the previous breast cancer series,™® all
dose-response analyses combined data from
women who were not in either city (NIC) ATB
with data from exposed women whose estimated
exposures were to less than 0.5 rad kerma, in a
zero-dose class, Parallel analyses were performed
which excluded the NIC data, but the results
did not differ in any important way from those
presented.
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RESULTS

Appendix Table 1 lists all cases in order of RERF
Master File number, and gives city of exposure,
age ATB, T65D kerma in rad (gamma ray and
neutron), year of diagnosis, diagnostic certainty
code, and side. Bilateral cases appear twice, once
for each side. Appendix Table 2 gives numbers
of cases and WY by city, age ATB, kerma interval,
and calendar time. All the analyses reported in
this paper can be reconstructed from these two
tables and from data contained in published
references.

Histological Classification

The distribution of histological types in exposure
groups is presented in Table 1 for the 412
cancers reviewed histologically by the present
investigators. According to contingency table
analyses there was no evidence that type is
related to city, age ATB, age at diagnosis,
calendar time, radiation dose, or any combi-
nation of these factors. In particular, there was
no tendency for one or more histological types
or subtypes to characterize radiation-induced
breast cancer. Thus the addition of 112 new
cancers did not change the conclusions reached
by the binational review panel.?®

Bias Analysis

An essential part of the analysis was to check
for underascertainment, and for the possibility
that ascertainment of breast cancer might be
correlated with radiation dose. Table 2A gives
an analysis of cases diagnosed through 1978
among exposed sample members, in relation to
the numbers of breast cancers reported in the
LSS sample mortality survey through 1978 2
The latter ascertainment, which included
virtually all breast cancers coded as the primary
cause of death on death certificates registered in
Japan, was compared with numbers expected by
dose interval according to the incidence data,
with adjustment for age ATB and city. The
summary table shows very little difference
between observed and expected numbers. Table
2B shows a similar analysis with respect to those
cases identified as breast cancer on death
certificates, including incidental diagnoses as
well as primary cause of death, through 1980.
Finally, Table 2C compares cases with respect to
certainty of diagnosis, by dose. None of the
analyses in Table 2 suggests any association
between the source bf information and dose.

w B
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TABLE 1 DISTRIBUTION BY KERMA AND HISTOLOGICAL TYPE OF BREAST CANCERS
ACCEPTED ON THE BASIS OF PATHOLOGICAL REVIEW BY THE PRESENT INVESTIGATORS

#l AREWIEHREOFRBEENRE LTV TERY 5N MO kerma Bl OFHHE R 9 5 16

Kerma in Rad (T65DR)

Histological Type
NIC 09 1049 5099  100-199 200+ UnkT  Total

Noninvasive' 4 6 - 1 . 2 - 13
Invasive?
a. Ductal

0. CSF? 8 17 g 4 3 10 1 45

1. Papillotubular: 5 7 4 - 0 2 2 20

2. Medullary tubular 14 24 9 i 2 7 4 67

3. Scirrhous 31 91 27 4 16 14 3 186
b. Predominant ductal

component

1. Papillary tubular 5 19 9 2 2 3 - 40

2. Medullary tubular 1 1 - - - - - 2

3. Scirrhous 1 1 - - 1 - - 3
c. Lobular - 1 1 1 2 - - 5
d. Mucinous - 7 - - - 2 - 9
e. Medullary 1 3 - - - - - 4
f. Tubular - - 0 2 - - 2
g. Secretory - 1 - - - 1 - 2
h. Apocrine - 1 - - - - - 1
1. Carcinoma with

mcetap]asia4 - - - - - 1 - 1
j.  Others 2 3 - - - - - 5
Total Invasive 68 176 52 20 26 40 10 392
Paget’s Disease
a. Insitu only 1 1 2 B - - B 4
b. With invasive

carcinoma - 0 2 - 1 - - 3
Total Paget’s Disease 1 1 4 - 1 - - T
Total 73 183 56 21 27 42 10 412
1 All noninvasive carcinomas were intraductal; there were no lobular carcinomas in situ.

FRPUEEOTATRATHOLOTE - 7. $FBHEERGE L » - 2.
2 Subclassification: Adenoid cystic carcinoma was not observed.

HisrHm: BpRREEESs W EH
3 CSF: *cannot subclassify further”

CSF: "z hl) B MATae”
4 The only cancer in this classification was a mixed type.

ZOFHIIETAE—OBRRAROLNTH- 2.
1 Dose unknown #iitFH
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TABLE 2 BIAS ANALYSIS: INCIDENCE VS DEATH CERTIFICATE
2 WD OB SEER ALY

A. Breast cancer mortality (primary cause of death), 1950-78, as reported in the LSS sample mortality
study, compared to total incident cases, 1950-78, by radiation dose and adjusted for city and age ATB.
Exposed sample members only.

REWHERAECEMNETRESNAL1950—"8EMOFLMHIECHE (FIEH) L1950 —T8EMOBREMSE D
A BAHRmRE. B ARCHEBRBRERITE BRHO S

Total Kerma in Rad

Homogeneity Trend
0 19 10-99 100+  Total (P) ®)
Observed deaths® 44 29 34 21 128 2-13
Expected 474 28.2 30.6 21.8 (73) (0.54)

Total cases’ 139 86 99 76 400

1 NIC, unknown dose, and all 1979-80 cases excluded.
FHAEE, SRAM, &U979—80FO2H AL L.

B. Breast cancer cases identified on death certificates, as compared to total incident cases, 1950-80.
FECB A CHMRE N 2L BME S BEEMS L O, 1950 —80

Total Kerma in Rad

Homogeneity
Age ATB ®)
NIC 09 1099 100+ & Unk?> Total
Allages  Observed deaths 30 87 38 33 188 =133
Expected 34.9 84.1 37.0 32.1 (.73)
Total cases 101 249 114 100 564
09 Observed deaths 0 4 1 0 5 xt=4.55
Expected 0.4 1.9 1.9 0.7 (.20)
10-19 Observed deaths 6 12 9 15 42 x*=0.93
Expected 6.1 14.2 8.6 13.1 (.92)
20-29 Observed deaths 9 14 8 6 37 xz =1.81
Expected 6.6 15.0 78 1.6 (.61)
30-39 Observed deaths 4 21 3 9 37 x2=5.85
Expected 7.5 18.5 4.7 6.3 (.12)
40-49 Observed deaths 7 18 11 2 38 ?=1.94
Expected 9.0 18.5 8.5 2.0 (.58)
50+ Observed deaths 4 18 6 1 29 x*=3.61
Expected 5.2 15.9 5.4 2.8 (.31)

2 Unknown, combined as these are generally high doses.
Tt em i g oTo I DR,

10



TABLE 2 Continued #& 2 (i %)
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. Breast cancer by certainty of diagnosis and radiation dose.

FLAE 0 &0, 3% [T R 2 BE TR OF B dpha 0t B

(i) Distribution of cancers by diagnostic certainty and radiation dose.

Moo s REHT RE SR RE B O B AT AR A B

Total Kerma in Rad

Certainty

Code® ==
ok NIC 0-9 10-99 100+ & Unk® Total
1 6 19 9 4 38
2 11 20 1 12 54
3 13 32 17 8 70
4 73 183 77 79 412
Total 103 254 114 103 574

(i) Comparisons of dose distribution by certainty code, adjusted for age ATB and city.
MR O JeWE; RETERE O — FAIL BUERRE MR R ATE.

Certainty Contrast®

Test of Nonhomogeneity with Respect to Dose

Low Vs High Chi-square ( 3df) (p) Trend Test (p)
1 Vs 24 0.7 (.87) (.38)
1-2 Vs 34 0.6 (.89 (.76)
1-3 Vs 4 0.4 (.95) (.57)

3 Certainty Codes: fE¥E = — 1@
1. Death certificate only. =W o &
. Clinical diagnosis only. Btk 0o 2

[PERy

W T H S A,

AWM YH 2 LSBT

Table 3 gives observed and expected numbers
of breast cancer cases by dose class and sample
component, comparing the clinical subsample
with the remainder of the LSS sample, which
has in turn been separated into a “‘proper” part
consisting of persons whose family registries
were local to Hiroshima or Nagasaki and a
“reserve’’ part with more distant family registries.
Mortality ascertainment for the LSS depends
upon the Japanese family registry system, and
the reserve part was incorporated into the
sample only after it had been determined that
the reporting system would function efficiently
for the more distant regisiries.” The AHS
subsample was initially drawn from survivors
with local family registries, and members are

11

. Pathology diagnosis, but material not available to present investigators.
HREABERSELIATFTE L,
. Pathology diagnosis by present investigators.

FZ3TIE, WMOBMEMLE S RERER T
WHRMRA I RL, EHEMNRERL, FEHFLR
MidEWOMITIZEL T AEHh6 45 " HE" B,
EVEHFIZHB T ICGHEA WA GEE
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FIBAL =10, FMidE A EMAmAL S e A
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routinely solicited for regular biennial clinical
examinations at RERF. The clinical subsample
also is heavily weighted toward the higher dose
ranges, because it includes virtually all locally
registered LSS sample members who were
exposed within 2,000m from the hypocenter
and who also reported acute radiation sickness
or other symptoms usually associated with high
radiation doses. Thus, a more complete ascer-
tainment associated with frequent contact, or
with family registry location, could bias the
ascertainment for the entire LSS sample differ-

RBNHFEHRENGD, 2hid, FLAYEBRIFHTIC
FRObAHGTHEMNBETHY, BOH»-L
2,000m M THEL, /A, M EOHESE
#) BEMERERERZOMIEESh T EE
EhrEThs. LAH-7T, HEEZABIIFHFD
AR B R L E L N2 2 HRILE-T, BHEE
HE S ROMEE AT L THRENICRSZ Z & 2°
EisN .

entially with respect to dose.

TABLE 3 BIAS ANALYSIS: DISTRIBUTION OF CASES' BY CITY, AGE ATB, KERMA, AND

SAMPLE COMPONENT
#£3 RO OEN: EMOSTY; &, FEREEEE, kerma, R UHEMAAESR
Sample Component

Age ATB Kerma Test of Clinical vs

City uf . Interval Nonelinical Nonhomogeneity — Nonclinical

YIS jn Rad Clinical X2 (» RR* (p)
Proper Reserve

T T T Obs 152 351 61 0.2 (.90) 1.04 (.64)
Exp 147.6 353.8 62.6

H i i Obs 108 299 52 0.2 (.90) 1.01 (.94)
Exp 106.9 297.3 54.8

N T T Obs 44 52 9 1.2 (.55) 1.14 (.36)
Exp 40.7 56.5 7.9

T 0-9 T Obs 1 21 2 1.7 (.43) 0.34 (.22)
Exp 2.7 18.6 2.7

T 10-19 T Obs 55 76 19 1.1 (.58) 1.17 (.32)
Exp 49.7 79.3 21.0

T 20-29 T Obs 42 77 12 2.0 (.37) 1.17 (.44)
. Exp 3T 76.5 16.8

T 30-39 T Obs 28 77 11 0.1 (.95) 1.00 (.96)
Exp 28.1 76.2 11.7

T 4049 T Obs 20 63 11 2.1 (.35) 0.87 (.58)
Exp 22.3 64.2 7.5

T 50+ T Obs 6 37 6 35 17 0.83 (.70)
Exp 71 39.0 3.0

T T NIC Obs 19 82 0 0.5 (.78) 0.86 (.56)
Exp 21.5 79.4 0.1

T T 0 Obs 35 116 6 2.5 (.29) 1.33 (.12)
Exp 278 122.0 1.2

T i 19 QObs - 73 15 1.1 (.58) 0.72 (.52)
55 68.9 17.7

Exp

12
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TABLE 3 (Continued) # 3 (#f %)

Sample Component

Kerma Test of Clinical vs
- T

City ,?inr:a:sB Interval Nonclinical Nonhomogeneity  Nonclinical

in Rad Clinical ¥? (P RR* (p)
Proper Reserve

T i 10-49 Obs 19 51 17 0.8 (.67) 0.87 (.64)
Exp 211 51.8 14.1

3l T 50-99 Obs 8 16 3 3.0 (.22) 0.66 (.24)
Exp 10.5 11.9 4.6

T T 100-199 Obs 19 9 ] 0.5 (.78) 0.92 (.84)
Exp 19.7 9.8 5.5

T A 200-299 Obs 16 1 4 1.7 (.43) 1.26  (.54)
Exp 15.0 2.9 3.0

T T 300-399 Obs 9 1 0 23 (.32) 3.67 (.14)
Exp 7.1 1.3 1.6

T T 400+ Obs 17 1 3 0.7 (.70) 1.55 (.50)
Exp 15.4 1.2 4.4

T 'E Unk. Obs 6 1 6 4.3 (.12) 191 (.20)
Exp 4.0 4.5 4.4

1 Bilateral cases are counted once, and not twice as in Tables 1 and 2.
HEEC 2O TERIEHEL, BlRU2OES C2@EEHEL 27
2 Relative risk.
B A i s 2

Expected frequencies were computed under the FHLERENS, B, RUEH O TS — 7 AR
assumption of no subsample difference within R — R s
subgroups of similar ages ATB, dose, and city. THAHAREAMEBERIEVILNLBELT,
Overall, for Hiroshima and Nagasaki considered WRFEEDHELT > 20 BEMIZES - Rix
separately, for separate age ATB intervals, and 94 cHRE L, % 7 ERESERE L kerma RIS
for separate kerma intervals, the numbers of _ . o _

observed breast cancers in the three sample BT 5L, SOOI BT 5 BRI UL,
components corresponded closely to those EEPE BT HATREAN & B SRR L 2. OO BERIE
expected on the basis of homogeneity. There ! . N " ,
was no consistent tendency for th: clinical BIRERIZR D OMARE LD b ILEH S VA EA
subsample to contribute proportionally more ARETSI—HLAHEBR G, LAEMST
breast cancer cases than the rest of the sample, BT, EHERET RS HMRORY
and the analysis does not support the existence
of an ascertainment bias based on sample
component.

mENGdhol.

) . . F4 T, AR BE T AR RO ot B
Migration rates (percentages of living sample 5 ey
members residing outside the contacting areas B3 sdah S (6l 8 O ERE RIS B R 2 F
of the two cities) are given in Table 4 for female OHEEOT ) &, EMIER, B, RU

members of the AHS subsample by age ATB, e S
city, and radiation dose.*® It is apparent that B ARIRBIZR L 72, T BRIR IR 12 R 20 4% K6 T
migration has been substantial, particularly oMz {Ach, & EWHOHIFEE
among women under 20 years of age ATB, and I e )
that it has been somewhat greater from Nagasaki FOBRPLEVENTTLFREHTHS. Lk,
than from Hiroshima. It is also apparent, however, IR R TR e OMEI VAL N —Th S

13
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TABLE 4 PERCENT WOMEN IN AHS SAMPLE WHO WERE LIVING OUTSIDE PATIENT
CONTACTING AREAS IN 1979, BY CITY, AGE ATB, AND KERMA

Fd 1979F IS ICE AL T AR ARBERTEEB G o a0l 4,
#hih, EHEEERERS, R U kerma B
: Kerma AgeATE
City in Rad
0-9 10-19 20-29 30-39 40-49 50+
Hiroshima Total 21.7 14.3 6.9 4.4 8.0 8.0
NIC 26.2 16.9 6.5 5.4 11.7 59
0 20.5 14.5 5.5 3.3 5.6 9.3
1-99 174 14.5 7.8 4.0 6.5 9.5
100+ 237 7.5 6.4 5.1 9.5 5.9
Unk 57.1 14.9 11.1 154 12.5 0
Nagasaki Total 30.1 23.5 10.8 6.9 9.1 3.8
NIC 19.8 128 12.8 7.2 12.3 0
0 38.8 24.9 14.6 4.7 10.3 16.7
199 328 19.8 8.2 5.5 6.7 0
100+ 29.9 20.8 6.5 9.9 5.8 0
Unk 27.3 36.1 15.4 11.1 12.5 0
that the migration rates have been fairly uniform CELMLATHD., Lid->T, THh6DEHEIZ

with respect to radiation dose. These data,
therefore, provide no reason to suspect that
the ascertainment of breast cancer cases has
been different among the various dose classes.
Accordingly, no correction was warranted for
analyses which depend on ratio comparisons of
breast cancer rates among different dose classes,
so long as these comparisons were adjusted for
differences with respect to city and age ATB.
Adjustments were required, however, for risk
estimates that involve the subtraction of one
rate from another. For example, if the observed
rates for two exposure groups were both too
low by 10%, their difference must also be too
low by 10%, but the ratio of the two observed
rates must be the same as the ratio of the true
rates. Thus estimates of the increase in relative
risk per unit dose, and tests of the null hypothesis
of no radiation effect, need not be corrected for
underascertainment of risk, whereas some
correction should be made for estimates of the
absolute increase in risk per unit dose. Such
corrections (as shown in later tables) should
involve only that part of the ascertainment
affected by migration, and thus should be
derived from Tables 2C and 4.
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Case finding for the present series was completed
in December 1981, while that' for the 1974
series, which covered diagnoses through Sep-
tember, was completed in June of the following
year.?* The 1969 series included cases diagnosed
through December, and case finding continued
until the end of the following year.’”> Table §
lists numbers of cases, by vyear, through Sep-
tember 1974, comparing the present series with
the subsets included in the 1969 and 1974
series, respectively. A reporting delay is sug-
gested for the last year or so in both of the
earlier series. Somewhat more striking, however,
are the comparisons between the 1974 series
and the present one for the periods before and
after 1969. It would appear that, after two
independent case ascertainments separated by
five years, there were few remaining cases to be
discovered by the present investigation for
1950-69. It seems unlikely, then, that any
subsequent study will find very many new
cases that were diagnosed before 1975. The
corresponding comparison for 1970 through
June 1973 (two years before the close of case
finding for the 1974 series) suggests that a
future investigation might increase the number of
cases for 1975-79 by about 21% over the present
series, while the data for July 1973 - June 1974
suggest that an additional 39% might be expected
for 1980 alone.

The comparisons of Table 5 may reflect improve-
ments over time in case-finding efficiency, such
as increased participation by local hospitals and
physicians in the Tumor and Tissue Registries,
as well as reporting delays. Because the effects
of such improvements might be expected to
follow a learning curve, in which increases in
efficiency tend to be greater at the beginning
than later, the above discussion may exaggerate
the number of cases missed by the current survey.

There was no suggestion that the cases missed in
either of the two earlier series were distributed
differently by dose than the cases that were
included. The age distribution (both ATB and
at diagnosis) of missed cases, on the other hand,
tended to be vounger than that of the included
cases, reflecting the overall trend over time for
new breast cancer cases increasingly to come
from the younger age ATB cohorts as these
cohorts reached ages of appreciable breast cancer
risk.
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FEECHT AEMIFEMIZIVLELRZHIIETLT
WaA, 9RFTORITFECI9MMEDHE 2T 2
L0k, BEOBRIZETLTY 5. 1969 M
WEERAECCEHanAHEtRIZLTHY,
REMIFESII R AR E THELA. P #5104, 197459 A
EFTCOEMBAEER 2L T, RWFEL, 19604
WA EDWEMN B I N T BT NERE &
HELALOTHS. HHOMEOWTRIIENTE,
BAAEHED CREOBESREEATVS LaL,
FREDPLHEL L O, 1969 gl £ o RN
DVTHIITAERR L AW EL OB THS. SHED
BTS00 6N oo [ O 5E Il HE D o1,
1950 =69 FF iz TIRFWH I L->THR S B HL
FeAER-TLAEVESILEDNRS. LANST,
P#mO LI L ZWETH, 1975HLIIZ2H & h A
LAl Z2CRATIZ LB LI
Bhhas zhiodicts1970% 56197346 A
(1974 5 B O AETER 5 O #4552 51 12804 3 bk
Tt FROWIEIZ L DI975—T9F 12 #5311 2 Wil B AT
FWELINH2LBMMT 22 & AREE N 5N,
19737 H—19744E 6 B 12+ 2 %12, 1980 7F
OHIZDVTHI% OBMAMFENS Z & &%
LTw3.
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TABLE 5 DISTRIBUTION OF BREAST CANCER CASES BY LSS SAMPLE SERIES
AND YEAR OF DIAGNOSIS: NUMBER OF CASES, 1950-74

#5 FEHOSAMA; BREPELARTRUEBKEN: EHL, 1950—744F
Series
Year of Diagnosis
1950-69 1950-74 1950-80
1950 6 6 6
1951 5 6 6
1952 5 5 5
1953 5 5 6
1954 8 8 8
1955 9 9 10
1956 9 9 9
1957 11 11 11
1958 6 8 ]
1959 13 13 13
1960 15 13 16
1961 25 27 28
1962 14 14 14
1963 13 14 14
1964 16 17 19
1965 14 17 19
1966 9 14 14
1967 16 28 28
1968 14 21 24
1969 6 14 14
1970 - 21 24
1971 - 17 23
1972 - 16 20
1973 - 25 29
1974} - 18 26
Total 219 358 394
1 First nine months only. ## @ 9»H O 4.
Radiation Dose and Age ATB R 0 T8 U R B 2

Contingency table analyses of breast cancer
incidence by kerma interval, for the period
1950-80, are summarized in Table 6. Overall,
the linear contrast in average (T65DR) breast
tissue dose, adjusted for age ATB, calendar
time, and city, departed markedly from the null
hypothesis of no radiation association. The
square of the normal score for linear trend
(a chi-square statistic with 1 degree of freedom)
was nearly as large as the chi-square statistic for
nonhomogeneity of risk among kerma intervals,
leaving a chi-square of only 4.4, with 6 df, for
nonhomogeneity not accounted for by the linear
regression on dose:

16

#6113, 1950—80FEOMIMIZHFT 2 MELEED
Sl RN A kerma KEIBIIZEHLZLDTH 3.
EHEMICIEEREER, 8, RUETHIZI2VT
ATIE &4 L 2FH (T65DR ) FLIR ML SRt 2 211 3
S AT, BRI AT o T AR ERE A S
FLCELA SGEEMCIMTIERZAIT—O
TR (HBEEN] TH X HEHR) 3, kerma X/
CHTAfElREOEERHEI N T 5 Mt &
ELAYRLEARZ2EOLOTH-T, BHESDX® H
EREAATHAOT, FEHEWEIHREIZMT I8P
ERTIRHEM s h % o7



RERF TR 15-84

TABLE 6 SUMMARY CONTINGENCY TABLE ANALYSES WITH RESPECT TO KERMA INTERVAL

#6 Kerma R (ZPIT 2 B4 #l &
A. Combined cities, all ages #l & &, & &M
(i) Data ¥W#
Kerma Interval in Rad
0! 19 10-19 2049  50-99 100-199  200-299  300-399 400+

Average Tissue

Dose in Rad 0 26 12.2 231 54.6 110.3 188.9 264.8 403.21
Observed 258 92 48 39 27 35 21 10 21
Expected 306.3 1136 458 33.6 225 15.4 6.6 3.3 3.9
O/E 0.84 0.81 1.05 1.16 1.20 2:27 3.38 3.03 5.37
RR 1.00 0.96 1.24 1.38 1.43 2.69 3.7 3.59 6.38

(il) Summary of statistical tests for homogeneity and trend over exposure intervals bounded from above
Fied o TRy LABBRMIC S0 2 S HIERUHEHE M T 3REHNEEOEY

Homopeneity Trend
Kerma Range in Rad?
x? df p zZ p
0-600* 160 ) <.00001 125 <.00001
0-399 87.2 6 <.00001 9.09 <.00001
0-299 74.7 5 <.00001 8.49 <.00001
0-199 41.4 4 <.00001 6.22 <.00001
099 8.1 3 0017 2.57 0071
0-49 5:3 2 021 2.24 014
0-19 2.6 2 .10 1.51 068
B. All ages, by city Z&#H; #Hd 5l
(i) Data ¥t
Kerma Interval in Rad
0! 1-9 10-49 5099 100-199  200-299  300-399 400+
Hiroshima:
Average Tissue
Dose in Rad 0 2.5 16.7 534 104.9 183.2 258.2 3590.0
Observed 228 74 74 20 19 10 5 17
Expected 2654 84.0 63.2 16.6 9.5 3.6 2.2 2.6
O/E 0.56 0.88 1.17 1.20 2.00 2.78 227 6.54
RR 1.00 1.03 1.36 1.40 2.33 3.23 2.65 7.61
Nagasaki:
Average Tissue
Dose in Rad 0 2.9 17.0 56.9 117.1 194.2 273.7 4211
Observed 30 18 13 7 16 11 5 4
Expected 40.9 29.6 16.2 5.8 5.9 3.0 1.1 1.3
O/E 0.73 0.61 0.80 1.21 2.71 3.67 4.55 3.08
RR 1.00 0.83 1.09 1.65 3.70 5.00 6.20 4.19
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TABLE 6B (Continued) 6 B (& %)

(ii) Summary of statistical tests for homogeneity and trend
FHERUHMmIIMT a8 HOBEOEY

Homogeneity Trend
City
x2 df P Z p
Hiroshima 113 7 <.00001 10.10 <.00001
Nagasaki 65.7 7 <.00001 7.17 <.00001

C. Combined cities, by age ATB @#8ili &7t FHEEF b5

(i) Data ¥t
Kerma Interval in Rad
Age ATB
0! 19 10-49 50-99  100-199 200-299  300-399 400+
Average Tissue
Dose in Rad 0 2.6 16.8 54.6 110.3 188.9 264.8 403.2
0-9 Observed 6 5 5 5 2 0 1 0
Expected 13.2 5.5 3.6 0.8 0.5 0.2 0.1 0.1
O/E 0.45 0.91 1.41 593 4.08 0 11553 0
RR 1.00 2.01 3.10 13.03 5.98 0 25.36 0
10-19 Observed 55 18 22 9 13 10 4 10
Expected 78.6 28.4 18.2 5.7 54 2.5 1.2 1.1
oL 0.70 0.63 1.21 1.59 2.41 4.06 3.40 8.91
RR 1.00 091 1.73 2.27 3.45 5.80 4.86 12.74
20-29 Observed 58 20 21 7 8 4 3 f
Expected  69.7 26.7 17.8 5.3 .7 L7 0.9 1.2
O/E 0.83 0.75 1.18 1.31 2.14 2.33 3.34 495
RR 1.00 0.90 142 1.58 257 2.80 4.02 5.95
30-39 Observed 60 24 11 4 ¥ 4 1 5
Expected 65.0 239 17.6 4.7 2.6 1.0 0.5 0.7
O/E 0.92 1.00 0.63 0.86 2.73 3.96 2.04 7.02
RR 1.00 1.09 0.68 0.93 2.96 4.30 2.21 7.61
40-49 QObserved 53 13 20 1 2 2 1 0
Expected 527 18.4 1479 4.0 24 0.8 0.5 0.6
O/E 1.01 0.82 1.36 0.25 (.85 2.44 2.07 0
RR 1.00 0.81 1335 0.25 0.84 243 2.06 0
50+ Observed 26 10 8 1 3 1 0 0
Expected 27.0 10.7 7.7 2.0 0.9 0.4 0.2 0.2
O/E 0.96 0.93 1.04 0.50 3.40 2.66 0 0
RR 1.00 0.97 1.08 0.52 3.53 2.77 0 0

18
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(i) Summary of statistical tests for homogeneity and trend

BEMR ST &R EOEY

Homogeneity Trend
Age ATB ;
X2 dr P Z D
0-9 40.1 7 <.00001 232 .023
10-19 126.7 T <.00001 10.90 <.00001
20-29 36.9 7 <.00001 5.95 <.00001
30-39 46.1 7 <.00001 5.99 <.00001
40-49 7.7 7 .26 0.03 49
50+ 7.1 7 31 0.79 21

ot

Includes not-in-city (NIC). i F#E £+ 5t

2 All analyses except that restricted to 0-19 rad kerma treat the 10-19 and 20-49 rad intervals as a combined

10-49 rad interval.

0~—19 rad kerma (ZERE L AT LML N, 10~19 rad BB 0520~49 rad M £10~495 3 rad KW & L T

BoTuv s,

3 All exposure estimates greater than 600 rad kerma are customarily truncated to 600 rad under the T65DR

system.
TBESDR H & Tk,

The dose distribution of the LSS sample is
skewed markedly to the right. The demonstrated
linearity of the dose-response relationship
therefore suggests that much of the evidence for
the existence of that dose response corresponds
to the middle range of dose values. This sug-
gestion was confirmed by analyses of the data
remaining after the higher dose intervals had
been deleted: highly significant trend tests were
obtained over the kerma ranges 0-399, 0-299,
and 0-199rad, while p-values of .007 and .014
were obtained from the data corresponding to
0-99 and 0-49 rad kerma, respectively.

A further subdivision of the 10-49rad interval
into subintervals of 10-19 and 20-49rad was
made to explore the extent to which the exis-
tence of a radiation effect could be supported
by lower-dose data alone. The trend statistic
for the three kerma intervals corresponding
to 0, 19, and 10-19rad gave a p-value of .07.
This value would be considered “‘suggestive”
if these were the only data available; given the
results of the tests based on the higher-dose data,
it constitutes rather stronger evidence of a
breast cancer effect at breast tissue doses (as
opposed to kerma) under 15 rad.

The dose relationship was confirmed in both
cities (Table 6B), and among women exposed
at ages 0-9, 10-19, 20-29, and 30-39 ATB (Table
6C). The trend statistics for the cohorts aged

600 rad kerma Ll £ BB EMIIWHE L L TE0rad THINRT A,

HaPMELAoBREBSHEIAE~AFLLEATY 2.
Lid'-T, SERLMETRELEZZOBRTEY
i3, ZTOBBEICOFECMT 30802 < Skt
MORMIBIZS 2 2L &RET 5, ZORBIE,
R EMANE s h sk 2 o
EoTHERahi T4 05, kerma A0 — 399,
0—299, BU'0—199rad ThHatDIz20TIL,
By THELHmMAG SN, 0 —99RU0—419
rad kerma IZHHS T 3B P51k, FREFN .0TR D
014 0 p fiE & 757

10—49 rad [Z[M % F1:10—19 B 1620 — 49 rad DX R
IR LT, BRI o fF e AR IR 0 A 12
koTHEEEhaBREEM<L 0, 1—9, RY
10—19 rad @ =2 kerma [ 1283 2 @) 5+
Opfliiz, 0TThok ZhoHFAFERTWLE
M—DREHRTh-ETAE, ZOMEB TRN %
LOTHALELGNG. THOLBMEDE R HH
RER ISV TVAEAEIE, Z#E15 rad RO
FLARHL R AL (kerma 1Z22F L T) 1241 2 ILHE DR
BT ROl 4k 4 B

AL PR DT & L HERE 2 h (6 B), A&
FEEkRE, 0 — 9k, 10—19&%, 20—29#, M&U30—
VEThoAuMEOMTLHER s h L (£6C).
JEHETFA0—495k, RUSOELIETH - 2 BCMT 3
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4049 and 50+ ATB were not significantly
greater than zero. These data are consistent
with the earlier LSS sample breast cancer
series,™® except that 1) the significantly negative
trend seen for the 40-49 age ATB cohort in the
1950-74 series® was not apparent in the current
series, and  2) for the first time, a strongly
positive dose response was seen for the 0-9 age
ATB cohort.

Relative risks based on the contrast 50+ vs
0-9 rad (kerma) are graphed by S-year age ATB
cohorts in Figure 1. The group with unknown
(but generally high) dose was included in the
high-dose group, while the low-dose group
included the NIC sample members. The relative
risk estimates were adjusted for city and for
calendar time. The suggestion from the graph of
a general downward trend in relative risk with
increasing age ATB was supported by a log-linear
factorial analysis comparing high-dose and
low-dose rates by city and age ATB:*® both the
test for nonhomogeneity of relative risks by age
and a test for trend by age were highly significant
statistically (P<.001). Moreover, when the data
were trimmed by deleting the older cohorts
the same pattern was seen; the 2-sided p-values
for trend with age were <.001 for the four
youngest cohorts (ages 0-39 ATB), .011 for ages
0-29, and .064 for ages 0-19.

(R R, OEVEBIZ A AA-. Zh
COERIE, ROSEBRTIEVNEGRAELRO
BMAS L —HLTVwa: 1DI90—T4IED
S TR S FRAE0—40TE IS L T 5 R
HEAZAOMEEIE, FEETIHSLTE L
20 THEBHI - ISR ILEVTHEL THVER
e A 5 /.

1 ik, 50+rad 270 — 9 rad (kerma) @ &k 12
S MRS, 5 B B B A A SRS
BaL s ST (Tl2s 5472450000 0) B
MR EAEO AN, TATESZIESRRED
oo MMfEE®E T, BERUEEIIOLTHES
T FBEEGROBMIE S HEERO 25
M TFREEIIMT S 7AREL-Lo1k, Sk
LA & & BT R SR AR R MG B e L A
HERVERRBF Lo THXFahs " 4 b5,
Ep A R E OIS EE A S E, AU
EMBERICHTIREOVWTRYE, BT
BREELOTH-(p<.001)., 20, £
HIEgE L TR EZMBLALZA, BLYYy—2H
EHohik, $¥h8bb, FRCEIMEmICHTS
T OMEp 12, o 0REER (FEE0 —398)
THE< 001, 0—29@Tl3.011, RUO—19% Tl
64T H = I,

FIGURE 1 RELATIVE RISK OF BREAST CANCER, BASED ON THE CONTRAST 50+ RAD VS
0-9 RAD KERMA (INCLUDING NIC), BY AGE ATB. VERTICAL BARS ARE 90%

CONFIDENCE LIMITS
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Temporal Patterns of Risk

The emergence of the breast cancer excess over
time since 1950 is illustrated in Figure 2. Each
panel compares high-dose and low-dose cumu-
lative breast cancer rates (cases divided by WY,
and adjusted for city) as functions of calendar
time since 1950, within a particular age ATB
cohort. The high-dose group included all women
with 100 or more rad kerma, plus those with
unknown dose (the unknown-dose group consists
for the most part of survivors with fairly high-
level exposures, but for whom kerma estimation
presents special difficulties that have not yet
been resolved). For the cohort aged 0-9 ATB the
high-dose group was expanded to include women
with 50-99 rad kerma, because of small numbers.
The curves for all ages combined, which were
obtained as averages of the corresponding age-
specific curves, weighted by total (high-dose plus
low-dose) numbers of cases, show an early high-
dose excess which was not maintained, followed
by an excess that slowly increased, both abso-
lutely and relatively, after 1958, The age-specific
curves suggest that the early high-dose excess was
confined to the 20-29 and 40-49 age ATB
cohorts, but that after 1958 there was a roughly
sequential contribution of excess high-dose cases
dominated more or less in turn by the 50+,
30-39, 20-29, 10-19, and 0-9 age ATB cohorts.
In view of the dose-response analyses discussed
above it seems doubtful that the high-dose excess
observed for the S0+ age ATB cohort and,
especially, the early excess for the 40-49 age
ATB cohort correspond to anything but random
variation. The early pattern for the cohort aged
20-29 ATB also seems somewhat out of place
compared to the patterns for the remaining
cohorts, but the early rates were based on
relatively few cases and might be expected to be
statistically unstable.

The curves in Figure 3 represent a different
approach to the problem of temporal distri-
bution of risk following exposure. Each pair of
curves was chosen to contrast the temporal
distribution of radiation-induced breast cancer
vs other breast cancer among women of the same
age ATB. The low-dose curves, corresponding to
women with 0-9rad estimated kerma or who
were NIC, represent overwhelmingly nonradio-
genic breast cancers, while the high-dose curves,
chosen from the 100+rad group plus women
with unknown dose for the 10-19, 20-29, and
30-39 age ATB cohorts, and from the 50+rad

21
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FIGURE 2 CUMULATIVE BREAST CANCER RATES, HIGH-DOSE VS LOW-DOSE, BY AGE ATB
AND CALENDAR YEAR, 1950-80
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CUMULATIVE DISTRIBUTION OF OBSERVED CASES, IN PERCENT

RERF TR 15-84

FIGURE 3 TEMPORAL DISTRIBUTION OF BREAST CANCER RISK, 1950-80, HIGH-DOSE V§
LOW-DOSE, BY AGE ATB. CURVES ARE CUMULATIVE PROPORTIONS OF CASES, ADJUSTED
FOR DECREMENTS IN THE POPULATION AT RISK
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group plus women with unknown dose for the
0-9 age ATB cohort, represent (mostly) radiogenic
breast cancers. The proportion P of radiation-
induced cancers in a given dose group can be
estimated by the formula

Tld, (FELT) BHSEEIMERT. H58EN
LETAMMEHFELEBOLEPE, KoLzt -T
ffeEsh 5.

P=1-1/RR,

where RR is the relative risk estimate for that
group. Accordingly, the high-dose curves should
correspond to about 85%, 75%, 65%, and 65%
radiogenic breast cancers in the 0-9, 10-19, 20-29,
and 30-39 age ATB cohorts, respectively. No
comparisons were made for the 40-49 and 50+
age ATB cohorts, for which the dose-response
analysis provided insufficient evidence of a
radiation relationship. For each age ATB interval,
the curves were obtained as cumulative empirical
probability functions for breast cancer diagnoses
within the cohort, standardized for age ATB
by individual year of age if possible but using a
coarser subinterval if necessary, and adjusted for
depletion of the population at risk over time.
Within each subinterval, curves were computed as
life table estimates of cumulative incidence, and
were normalized to increase from zero at the

beginning of follow-up to 1.0 by the end of
1980; the summary curves (Figure 3e) were
computed as directly standardized averages over
subintervals, weighted by total (high-dose plus
low-dose) numbers of breast cancers.

Differences between pairs of curves in Figure 3
were small, and far from statistically significant
by the Kolmogorov-Smirnov two-sample test.36
The 09, 10-19, and 0-39 age ATB pairs, in
particular, were remarkably congruent, while
the 20-29 and 30-39 age ATB pairs deviated
(nonsignificantly) from congruence in opposite
ways that cancelled when the two cohorts were
combined.

A final treatment of temporal distribution of
risk is summarized in Figure 4, In previous
studies™®'® and in the present one, the depen-
dence of risk on radiation dose has seemed linear.
Accordingly, date of breast cancer diagnosis
was regressed on breast tissue dose within 5-year
age ATB cohorts. Under the linear hypothesis
this is equivalent to regressing date of diagnosis
on the probability that the breast cancer was
radiogenic, provided only that the distribution of
follow-up times is unrelated to dose, a condition
satisfied by these data. The analysis allowed
cases at all dose levels to contribute to the
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comparison, and permitted a more detailed
evaluation by age ATB. As can be seen from
Figure 4, there was no tendency for the regression
estimates to be consistently greater or less than
zero, either overall or in consecutive S-year
intervals; also, no regressions were significantly
different from zero, either individually or when
averaged over adjacent intervals,

RERF TR 15-84
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FIGURE 4 ESTIMATED LINEAR REGRESSION COEFFICIENTS FOR DATE OF BREAST
CANCER DIAGNOSIS AS A FUNCTION OF RADIATION DOSE, BY AGE ATB
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To summarize, the present data show no tendency
for radiation-induced breast cancer risk to be
distributed differently over time following
exposure than breast cancer risk unrelated to
radiation exposure. Radiation exposure, it seems,
may increase breast cancer risk but, except for
a minimal latent period that must be assumed on
biological grounds, risk appears to vary with age
at observation in the same way as in nonexposed
populations.

Dose-response Analysis: Age-standardized Rates
Average T65DR breast tissue dose estimates and
rates, standardized to the age distribution of the
entire (female) LSS sample, are presented in
Table 7 and Figure 5 by city and kerma interval.
Previous LSS sample breast cancer incidence
studies found similar dose responses for the two
cities with respect to total (gamma plus neutron)
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TABLE 7 AVERAGE T65DR GAMMA AND NEUTRON DOSES TO BREAST TISSUE, AND
AGE-ADJUSTED BREAST CANCER RATES, BY CITY AND KERMA INTERVAL

#17

FLARFHAR 12 &1+ 3 T6SDR O P4 » v Mt R O M 80, M oric

AT IEFLME R 32, #AT & U kerma [X [ B

Hiroshima Nagasaki
Kerma Interval
in Rad Rate Rate
Dg Dn per 10* wy Dg Dn per 10* wy

NIC 0 0 2.87 0 0 1.66

0 0 0 3.27 0 0 2.87
1-9 2.1 04 3.10 2.9 0 1.74
1049 14.2 2.5 4.23 17.0 0.0 2.20
50-99 45.9 7.5 4.66 56.6 0.3 3.04
100-199 88.1 16.8 7.45 116.1 1.0 7.95
200-299 151.7 31.5 9.92 192.1 2.1 8.28
300-399 207.4 50.8 8.86 270.4 3.3 10.61
400+ 310.7 79.3 21.79 414.9 6.2 7.40

FIGURE 5 AGE-STANDARDIZED BREAST CANCER RATES, 1950-80, BY CITY AND AVERAGE
T65DR BREAST TISSUE DOSE

[% 5

#T R Uy TE5 DR FLARAL #4351 o i AR e (UL S 4 8, 1950 —80 42
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41

AGE-ADJUSTED BREAST CANCER RATE (CASES/10%WY)

breast tissue dose. Inthose studies the regressions
of (age-adjusted) breast cancer risk on total dose
were parallel, with a lower zero-dose intercept
for Nagasaki than for Hiroshima, but with
closely similar slopes.®®  This was also the
pattern seen in the present study; the zero-dose
intercepts differed between the two cities
(p<.001), while the slopes did not, either
absolutely or when expressed as percentages of
zero-dose risk (Table-8A). ’

1
200
BREAST TISSUE DOSE IN RAD

300

MR T 2 (FWMEERT-2) IS ERED
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TABLE 8 SUMMARY OF REGRESSIONS OF AGE-ADJUSTED RATES ON T65DR BREAST TISSUE DOSE
#8 TE5DR FLAR#HEkE - 2 EMIT R4 E o nM o £y

A. Linear regressions on total dose, by city
BRI RN, S5

Hiroshima: @y =3.13+0.18 % 107*
@y =3.96+0.74x 107
ayfap = 1.26 £0.26 X 1072

Nagasaki: @ =1.92%0.25x% 107
@, =2.98+0.70% 107°
) feg = 1.55£0.46 % 1072

B. Regressions on gamma and neutron dose, both cities
A RBUhiEFa MY S B, @

Goodness of I'it

Model Parameter Estimates
x? dr (p)

L-L  Risk =aq (city) +a;Dg+8,Dn  ag(H): 3.14%0.18x 107* 11.7 14 (0.63)
ag (N):  1.92%0.25x 1077
@ 2.95+0.74%107°
g1: 8.47%5.48x107°
RBE (8;/ey): 2.88+2.41

LQ-L  Risk = ag (city) +a, Dg+a,Dg? + 6, Dn
ag(H):  3.10%0.17x 107% 104 13 (0.66)
ap(N):  1.87£0.26x% 107*
@p: 410%1.26x 1078
ay: —5.6 4.1 x 1077
B;: 84 155 x107°

QL Risk =aq (city) +aaDg?+8,Dn g (H):  3.20%0.17x 107% 251 14 (0.03)
ag(N):  2.23+0.25x 107
a: 8.371268x107°
8,: 156 *49 x107°

C. Regression estimates from low-dose data: linear regressions on total dose, both cities, with city-specific
intercepts; data successively trimmed by deleting higher kerma intervals.
(AT R - 2 S EIRHEEfiL: AR 2 F T A2MEBHOEMRB M 38 EM; &Sy kerma FKI &
BBE LTl o L o wE s

Rariisiione Slope (ey) per 10® WY -Rad

in Rad
0 - 600 (all) 3.5%0.5
0-399 36%0.6
0-299 3.9%£0.7
0-199 4.1+0.9
0-99 3.2+1.3
0-49 5.0%2.5
0-19 45%42
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According to the T65DR system there was a
qualitative difference in the doses received from
the Hiroshima and Nagasaki A-bombs; thus
differences in dose response between cities have
an interpretation in terms of the relative bio-
logical effectiveness (RBE) of the gamma ray and
neutron components of dose. The regression
analysis summarized in Table 8B treated the
gamma ray and neutron dose separately, and the
zero-dose intercepts were allowed to differ
between cities. As in the previous series, the
gamma ray and neutron regression coefficients
did not differ significantly. The estimated
neutron RBE (the ratio of the two coefficients)
was 2.9£2.4. Finally, adding terms in the
square of total dose, or the square of gamma
dose, did not improve the fit of the regressions;
in other words, the present data agreed with the
earlier series in not providing evidence of a
nonlinear dose response.

The contingency table analyses of Table 6Aii
show that, as high-dose observations were
progressively trimmed from the data, the p-value
for increasing linear trend with dose remained
under .05 until observations on all women with
kerma estimates of 20rad or more had been
removed, and was of borderline significance
even then. Table 8C presents an analogous
procedure based on linear regressions of age-
standardized rates on total breast tissue dose.
The trimmed regression coefficients, which are
estimates of average excess risk, age standardized,
per million WY per rad, are significantly greater
than zero except for the 0-19rad interval (for
which p=.14, a less extreme value than that
given by the contingency table comparison).
Of more interest for the present discussion,
the sequence of frimmed regression estimates
is remarkably uniform, showing that the absence
of any strong evidence for curvilinearity of the
dose response can reasonably be interpreted as
meaning that risk estimates based on high-dose
observations from this data set are consistent
with estimates based on lower-dose observations.

Dose-response Analysis: Effects of Revisions in
Dosimetry

At the time of this writing there were a number
of uncertainties about the dosimetry in use for
the past 15 years or so, and statements had been
made to the effect that the new dosimetry under
development would, when put in final form,
either drastically change the risk estimates
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derived from the A-bomb survivor data or
hardly change them at all>” 3% This question
has been addressed briefly in Table 9. The
average estimated gamma ray and neutron doses
to breast tissue, used above to index the
exposure groupings for regression analyses, were
modified to reflect certain changes that have
been proposed with respect to the way individual
dose estimates have been calculated, namely the
relationships between distance and gamma ray
and neutron kerma for a person standing in the
open (air dose i::t.lrv.ffss.)%'27 and factors used to
represent the attenuation of exposure caused by
materials intervening between the explosions and
a person protected by buildings or other objects
(shielding factors),?®
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B 272 BEMBEFTOAZ0OBMEEELT
FRETH VAT O T E A L iR R iR
MEAEELT, MABRRHE Mo REHiEC
DWTREENTVAHEONEE, T4hb, Bit
CWABLILTA2BLACOMBE Ly 8B R U
i kerma & MR (2 SRR ADE) Y, H0z
PREES S HGE X F DM Lo TR E v
HEOMEIATETA2HHICERAT W BT
ATLEBIIHwW R FS(E@RET) 2 K s
4 7,

EHEVHADVTARIES I L0

TABLE 9 SUMMARY OF REGRESSION ANALYSES USING AVERAGE DOSE VALUES ADJUSTED
FOR PROPOSED CHANGES IN AIR DOSE CURVES AND SHIELDING FACTORS

#9

GBS P EERE T B A REPOFEFIZIOoOWTITEL

T o 7= P LAl % AT o 2 [0 RZAT 0 B4

A. Approximate average gamma and neutron tissue dose values, by air dose curve system and T65DR

kerma interval.

H = 4R U P TR AR R 3 (LT A 28 At iR 5 3 R O T65 DR kerma [Z R B

Air Dose Curve System

T65DR
City Kerma TeSDR LLNL ORNL
Interval
in Rad Dg Dn Dg Dn Dg Dn
H 0 0 0 0 0 0 0
1-9 2.1 0.4 4.7 0.04 33 0.01
10-49 14.2 o5 21.3 0.36 16.4 0.28
5099 459 7.5 55.5 1.27 44 5 0.97
100-199 88.1 16.8 94.1 3.19 772 2.39
200-299 1517 31.5 149.1 6.88 122.0 4.82
300-399 2074 50.8 200.8 12.02 166.0 8.19
400+ 310.7 79.3 328.5 20.68 303.6 18.34
N 0 0 0 0 0 0 0
1-9 2.9 0 1.3 0 1.1 0
10-49 17.0 0 9.0 0 8.1 0
55-99 56.6 0.3 31.2 0.08 29.1 0.10
100-199 116.1 1.0 72.3 0.33 69.9 0.37
200-299 192.1 2.1 121.7 0.69 120.7 0.74
300-399 2704 33 167.2 ) Ea 170.5 1.18
400+ 4149 6.2 311.9 2.98 317.2 3.07
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TABLE 9 (Continued) # 9 (%t%)

B. Summary of regression analyses using the above dose values and age-adjusted rates (Table 7).
FROBRERVERITERESE (2T) *AVARRBRITOESN

Parameter Estimates Fit
Model Dosimetry
a1(x10%) az(x10%) B1(x10%) e ar! (p)
L-L T65D 3.0%+0.7 - 8.5t 5.5. 11.7 14 (0.63)
LLNL 44%1.1 - 391287 12.1 14 (0.60)
ORNL 4.6%1.2 - 16.1+35.2 11.8 14 (0.62)
LQ-L T65D 4.1%1.3 -5.6%4.1 4% 55 10.4 13 (0.66)
LLNL 49%1.3 —~58%6.3 21.3%31.0 11.9 13 (0.53)
ORNL 5.7x1.5 —11.1x6.4 4421348 10.1 13 (0.68)
Q-L T65D - 8.4%2.7 15.6% 49 25.1 14 (0,035)
LLNL - 11.7%5.3 52.5%299 34.5 14 (0.002)
ORNL - 92£53 92.9%34.6 34.0 14 (0.002)
Linear T65D 4.0%0.7 - - 3.6 7 (0.82)
(Hiroshima) LLNL 4.3%0.7 - - 3.7 7 (0.87)
ORNL 5.1%0.9 - - 29 74 (0.91)
Linear T65D 3.0+0.7 - - 8.1 7 (0.32)
(Nagasaki) LLNL 46+1.1 - - 8.9 7 (0.26)
ORNL 46%1.1 - - 9.2 7 (0.24)

1 Within each city, nonexposed and zero-dose exposed were treated as separate exposure groups, giving 18

data points in all.

ZWMTEROEERE RO BARMEE L, Ny oWHEBRE L TR, F—rBdy MEERIBE T 5.

The modified dose values are not proposed as
serious alternatives to the T65DR values or to any
other dosimetry system, but rather, as a way of
assessing the magnitude and direction of changes
that seem likely to result from the acceptance
of a new dosimetry. Accordingly, there would
be little point in a detailed discussion of the
method by which the modified values were
obtained. Briefly, the average shielded kerma
values corresponding to kerma intervals® were
converted roughly to average unshielded values
using average transmission factors given by
Milton and Shohoji®® and rough percentages of
shielded and unshielded survivors obtained from
the same source. The unshielded values were
then converted to distance on the basis of the
T65DR air dose curves?® and then back to un-
shielded kerma using air dose curves developed at
the Lawrence Livermore National Laboratories
(LLNL)*® and at Oak Ridge National Labo-
ratories (ORNL).?”  Finally, the unshielded
kerma values were converted to shielded values
using average transmission factors proposed by
Woolson et al.?® - Shielding factor changes, which
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have not received as much attention as the
proposed changes in air dose curves, could have
even more importance for risk estimates: the
gamma ray transmission factors for typical
Japanese-type houses, which Milton and Shohoji®®
gave as 0.90 and 0.81 for Hiroshima and Nagasaki,
respectively, would be changed by Woolson et al*®
to about 0.55 and 0.50. Two sets of average
kerma values were obtained, one for each
proposed system of air dose curves, Each set was
transformed to breast tissue dose using the same
linear transformation as that used above for
T65DR kerma values.® The method can be
characterized as a system of monotone, order-
preserving transformations, incorporating much
of the structure of the T65DR system, and in
particular the exposure groups of Table 6 and the
ratios of shielding factors for special situations
to those ‘average” factors used for typical
Japanese-type houses.

The dose values are compared with the T65DR
values in Table 9A, and the results of certain
regressions of age-adjusted rates on dose are
given in Table 9B. The greatest difference
between the revised dose values and the T65SDR
values is that the neutron component of dose
would be reduced by about 75% to 85% in
Hiroshima and by 50% to 70% in Nagasaki.
With the proposed new shielding factors, both
new air dose curve systems would increase the
average gamma ray dose at the low end of the
scale relative to the upper end for Hiroshima
survivors, and both would decrease the Nagasaki
gamma ray dose by about 30% compared to the
T65DR system. The principal difference between
the two new air dose systems is that the LLNL
calculations assume a somewhat higher yeild
for the Hiroshima bomb than the ORNL
calculations.

The effects of the above dosimetry changes on
the regression analyses were slight. As with the
T65DR system, the estimated neutron RBE was
not significantly different from unity for either
revised dosimetry. The estimated regression on
gamma ray dose was increased by about 50%.
The difference between the single city regressions
on total dose, already slight for the T65 dosim-
etry, was decreased further for both of the two
proposed air dose systems. In short, it would
appear that no remarkable changes to the
conclusions teached in the present study with
respect to breast cancer risk and radiation dose
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can be expected from the substitution of a new
dosimetry for the T65DR system.

Dose-response Analysis: Age-specific Rates
Linear regression analyses of risk on total breast
tissue dose (T65SDR) are summarized in Table 10
for separate age ATB cohorts. The regression
estimates are given as absolute numbers of
excess cancers per million WY per rad, averaged
over the period 1950-80, and as percentage
increases per rad as compared to the estimated
zero-dose risk. In the former (absolute risk)
calculations the zero-dose intercept was allowed
to depend upon city, while in the latter the two
cities were assumed to have identical intercepts.
Thus the relative risk estimates are in terms of
the average estimated zero-dose risk for the two
cities combined.

The estimates in Table 10 reflect observations
during early follow-up when no radiation-related
excess risk was apparent, especially among the
younger survivors, as well as during more recent
follow-up when a strong excess risk clearly was
operating. Some idea of the effect of calendar
time can be obtained from the regression
estimates in Table 11, which were computed
separately for the periods 1950-70 and 1971-80.
While the age-specific pairs of estimates are not
markedly different when expressed as percentages
of zero-dose risk, and the pairs of absolute risk
estimates are not different for ages 20 or more
ATB, there is a clear and statistically significant
difference between early and late absolute risk
estimates for the 0-9 and 10-19 age ATB cohorts.
The reason for this difference is illustrated in
Figures 2 and 3, which show that practically
no breast cancer occurred in either of the two
youngest cohorts until they had reached ages
of about 30, and that after this age breast cancers
began to accrue in both the high-dose and low-
dose groups.

Adjustment for Minimal Induction Period

In Table 12 regression estimates are presented for
what is assumed to be the period in which the
radiation-related excess risk operated: after age
30 and 10 or more years after exposure. When
expressed in relative terms, as percentages of
zero-dose risk, the estimates are similar to those
in Table 10, but in absolute terms the estimates
in Table 12 are higher. There is a clear and
statistically significant tendency for excess risk
to decrease with .increasing age ATB, when
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TABLE 10 AGE-SPECIFIC LINEAR REGRESSION COEFFICIENTS FOR BREAST
CANCER RISK ON TOTAL T65DR BREAST TISSUE DOSE, 1950-80

#10 48 T65DR FLIRAH AR AR 1= 265 < TR MEBRSE 1 M+ 3 48 W6 BUARTZ 107 5 20 1950 — 80 4

Age ATB &bsolute l‘{sisk i Relative Risk "
(Excess risk per 10” WY rad) (Percent attributable risk per rad)

0-9 2.47%0.92 4.51£2.45
10-19 5.70%x1.08 2.07+0.52
20-29 4.06%1.20 1.13%£0.39
30-39 4.21x1.50 1.12+0.46
4049 0.08£0.87 —0.05£0.21
50+ 1.38+1.89 0.39%+0.56

1 Slope * 8D; intercept allowed to depend on city.

AR EMRE, N EEHCRET LD L L 2.

2 Slope/intercept, £SD, in percent; intercept constrained to be the same for both cities.

DR/ R, CHEERE (%),

R R et £ - - e Y O o

TABLE 11 AGE-SPECIFIC LINEAR REGRESSIONS OF BREAST CANCER RISK ON TOTAL
T65 BREAST TISSUE DOSE, 1950-70 VS 1971-80

#11  BTESFLARALAE AR AL 17 5 ¢ FLHE fE FR 5 o0 4F M B 57 [0, 1950 — 70 4F 441971 — R0 4
No. Cases Abs. Risk? Rel. Risk?
Age ATB

1950-70 1971-80 1950-70 1971-80 1950-70 1971-80
0-9 3 21 0504 6.0%2.6% 53173 4.6%2.7
10-19 46 95 3.3%1.0 10.6+£3.4% 29+1.2 1.8+0.7
20-29 69 58 2.9%1.0 6.3£3:3 1.0+x0.4 1.3+0.8
30-39 73 43 48%1.7 2.7+3.5 1.5%0.6 0.6x0.8
40-49 57 37 -1.0%0.3 2.3%3.1 -0.3%0.1 0.4£0.5
50+ 43 6 1.5%1.7 -0.1%3.4 0.4%0.5 -0.1£0.9

1 Slope * SD, excess cases per 105 WY per rad; intercept allowed to depend on city.
DREEHMAEE, 1rad 520108 ES L0 OBMEL; DHFEWHECRFTS608 L 1A

2 Slopefintercept, £SD in percent; intercept constrained to be the same for both cities.
L/ Ok, CRERE (%) NEESTCEHECs3EI 0%,

* Difference statistically significant at 5% level.
5% ML THIY S 2,

expressed in either absolute or relative terms.
The estimates provide no evidence of a radiation
effect among women exposed at ages greater
than 40, but of course do not preclude the
existence of such an effect. If an effect does
exist, the data suggest that it is probably less
than that for younger exposure ages.

The above analysis also suggests that irradiation
at ages 0-9 increases breast cancer risk after age
30 in about the same amount as irradiation at
ages 10-19, and that irradiation before the age
of 20 or so is markedly more hazardous than
irradiation between ages 20 and 40.
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TABLE 12 AGE-SPECIFIC LINEAR REGRESSION ANALYSES, ASSUMING NO EXCESS RISK

UNTIL AGE 30 OR 1955

#1230 L1955 F CILBBIME G A 4 o & EE L 72 54 0 F 6 B0 8508 B3 AL

A. Numbers of cases by age ATB, city, and kerma interval in rad.
JEFI & BURAREE, AW, &0 kerma M (rad) B

Kerma Age ATB
City Interval
in Rad 09 10-19 20-29 30-39 4049 S0+
Hiroshima 0 & NIC 5 46 49 52 44 21
1-9 4 14 15 18 12 7
10-49 3 17 18 9 14 5
50-99 2 7 5 4 0 1
100-199 2 [ 2 4 1 2
200-299 0 3 2 3 1 1
300-399 1 1 2 0 1 0
400+ 0 9 4 4 0 0
Nagasaki 0 & NIC 0 7 9 6 4 2
1-9 1 4 <4 2 1 3
10-49 2 3 3 1 1 2
50-99 3 3 2 0 0 0
100-199 0 6 5 2 0 0
200-299 0 7 2 1 1 0
300-399 0 3 1 1 0 0
400+ 0 1 2 1 0 0
B. WY, by age ATB, city, and kerma interval in rad.
Lo BUBEREMG, A0 B O kerma B (rad) 8%
Kerma Age ATB
City Interval o
in Rad 0-9 10-19 20-29 30-39 40-49 50+
Hiroshima 0 & NIC 43,600 115,000 119,700 117,500 90,700 51,800
19 14,700 34,500 38,000 37,800 27,600 16,300
10-49 9,740 24,600 27,600 28,400 23,100 12,800
5099 2,210 6,220 8,050 7,190 6,230 3,270
100-199 1,210 4,500 4,350 3,950 3,550 1,240
200-299 496 1,720 1,840 1,390 1,140 535
300-399 201 1,340 953 714 740 219
400+ 274 1,330 1,710 923 835 203
MNagasaki 0& NIC 11,800 35,800 24,600 16,800 11,700 5,330
19 8,510 21,500 16,700 12,500 10,800 5,660
1049 5,350 10,200 8,650 8,220 5,880 3,070
5099 1,450 5,530 3,020 2.600 1,520 934
100-199 872 7,240 3,720 1.420 1.370 563
200-299 470 3,800 1,950 813 676 273
300-399 212 1,020 962 385 229 130
400+ 375 1,000 901 662 401 102

I Numbers approximate, given to three significant digits.
HRmL3TETRL AER
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TABLE 12 (Continued) #12 (¢ %)
C. Linear regression estimates.

RERF TR 15-84

LT [ 4 HE i
Age ATB Absolute Risk> Relative Risk®

0-9 7.8+£2.8 52438
10-19 7815 2.2%0.5
20-29 4714 1.1£0.4
30-39 48%1.7 1.2+05

4049 0.1x1.0 -0.1£0.2
50+ 1.2+£23 0.3+0.6

2 Excess cases per 106wy per rad, £8D; zero-dose intercept permitted to depend on city.

1rad %574 D10 & S 6 2 2 0 o 38 ¥ 8%,

TR,

OHB|ODKF EIBTHCRET DL L L

3 Percent attributable risk per rad, ¥SD; zero-dose intercept constrained to be the same for

both cities.
lrad 40 ORIk, +HHERE%;

Adjustment for Migration

Finally, Table 13 summarizes recalculations of
the estimates presented in Table 12, after the WY
at risk were adjusted for migration from the
reporting areas for the tumor registries of the
two cities (Table 4). The adjustment was based
on data and was therefore subject to random
variation, but this additional variation was not
incorporated into the standard errors of the
regression estimates given in Table 13.

Migration should affect the ascertainment of
only those incident cases not identified on death
certificates. According to Table 2B, the per-
centage of cases identified on death certificates
varied from 20.8% for women aged 0-9 ATB to
59.2% for women aged 50 or more ATB. Letp
denote the proportion of cases identified on
death certificates for a given age ATB cohort,
and let m denote the proportion of the sample
living outside the contacting area in that cohort,
and in a given city and a given exposure class,
as estimated from the AHS sample values in
Table 4. The adjustment for migration consisted
of multiplying the WY at risk (already adjusted
for minimum induction period) by the factor
{(1—p)(1 —m) + p}. The adjusted WY are given
in Table 13B.

The risk estimates in Table 13C were obtained
by regressing the age- and dose-specific rates
calculated from the numbers of cases in Table
12A and the WY in Table 13B on T65DR breast
tissue dose. The adjustment resulted in an
absolute risk estimate for the 0-9 age ATB cohort
somewhat higher than that for the 10-19 age
ATB cohort, but not significantly so even when

35

OEROF AP TACIZESEIIILE.

BHICET 5ETE

Wi, FISIWMEHOEESEE YT 2 RERE
5 OEEBIZ OV TIME L FELTIEL 2 (£4),
HLRZIRTHERABEEL 2R 2ZHLALO
Tha COFERERIEILLOTHIZDT,
EEBOEMEZ T N, ZOfFINN 2 ZEBIEF#ELS
AL AR EEOBEEE LD L o

B, FECRBECHE s h R R REHO S
OB B LRIETIZTCH 5. R2BIZEA,
RN R BT AMOE SR, FHERE
FEMO—9ETH - - ktED20.8% 5 5 FHERES0 R
PLEThoitEns9.2%F THa Th- /2. HFE
OFBEEBBEIDVWTIECBE CHASLL
GEMORELpTEL, Fh, F4OR ARRE
PELFAoE»oHEL ZFEOEHT, &UFRFE
OHEBBOI O EBEBRIMNCEET SEAD
K#RimeT 3 SBIMTITETE, #HE
Lt (A FERMMI oW TIEERICITIEL 2) 10ff#
{(1—1:) (1—m)+p | &5 BEET-LKE
£ #IZBIZFRL 7.

#13 C o f I 3 HE 7 i 12, T65DR FLAERELAEH L (-
EITCRLZANFBRTZBBOEE,SHEL &
ERsR R CERNGEHREONRIZL>THAELOT
b3, ZOUEOHRKR, FEREEEMO -9 EIHOD
AT WA ERFERIO-19EHOEH
ENEPR/mL o, ATEICE>ThASSN A



RERF TR 15-84

TABLE 13 AGE-SPECIFIC LINEAR REGRESSION ESTIMATES OF RISK, CORRECTED FOR
MINIMUM INDUCTION PERIOD AND MIGRATION
#13 e Ha s O S5 M AT TG0 o2 s /TR BB MRS Rk OSBRI ISP L C AT TR BT b0

A. Numbers of cases in Table 12A.
FTIZA LB 25EH

B. WY, by age ATB, city, and kerma interval in rad’.

W FIRREEM, i,

Bt kerma X (rad) 3L

Kerma Age ATB
City Interval

in Rad 0-9 10-19 20-29 30-39 4049 50+
Hiroshima 0 35,900 101,800 114,300 113,900 86,400 50,000
1-9 12,800 30,800 35,800 36,700 26,500 15,600
10-49 8,420 21,900 26,000 27,600 22,200 12,200
50-99 1,910 5,550 7,570 6,980 5,990 3,130
100-199 997 4,250 4,140 3,800 3,350 1,210
200-299 408 1,620 1,750 1,340 1,080 521
300-399 166 1,270 907 688 698 213
400+ 226 1,260 1,750 889 788 198
Nagasaki 0 9,110 29,500 22,600 16,300 10,810 5,250
1-9 6,190 18,800 15,800 12,200 10,320 5,660
10-49 3,890 8,770 8,210 8,000 5,630 3,070
50-99 1,050 4,750 2,870 2,530 1,460 934
100-199 655 6,160 3,570 1,350 1,320 563
200-299 353 3,230 1,870 775 651 273
300-399 159 864 923 367 221 130
400+ 282 851 865 631 386 102

C. Linear regression estimates

B [E 93 e 5

Age ATB Absolute Risk? Relative Risk?
0-9 9.7+3.5 55+2.9
10-19 8.7%1.7 2.1%0.5
2029 4.9%15 1.1£0.4
30-39 5.0%1.8 1205
40-49 0.1£1.0 —0.1%0.2
50+ 1.2£2.3 0.3£0.5

1 Numbers approximate, given to three significant digits.

AELIMETHRLABY

2 Excess cases per 10° wy per rad, £8D; zero-dose intercept permitted to depend on city.
Irad H010° ZHE LGN 0BMME, CHREL; 0 BRONBEBCRETILOL LA,
3 Percent attributable risk per rad, £8D: zero-dose intercept constrained to be the same for

both cities.

lrad HAnORMBRME, +HMEFEE,;

the additional wvariation introduced by the
adjustment is ignored. The relative risk estimates,
as expected, remained almost unchanged from
those in Tables 10 and 12. The effects of the
adjustments of Tables 12 and 13 on age-specific
estimates of absolute and relative risk are
summarized in Figures 6 and 7.
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EXCESS CASESPER MILLION WY PER RAD

EXCESS RISK PER RAD, IN PERCENT OF BACKGROUND

RERF TR 15-84

FIGURE 6 AGE-SPECIFIC LINEAR REGRESSION COEFFICIENTS FOR BREAST CANCER RISK
AS A FUNCTION OF DOSE, SHOWING THE EFFECTS OF CORRECTION FOR MINIMAL
INDUCTION PERIOD AND MIGRATION. ESTIMATED EXCESS NUMBER OF
CASES PER 10° WY PER RAD
X6 MEOMEEL L TOIBEKRSEICMT 3 MR B R FR &SN E T
BT AMEORE 2R T, lrad H2010° L8570 00 #2060 F Hl#

Adjusted for induction period

10 | = and migration
T~ e Adjusted for induction period
~—~
— Unadjusted

8 |- R \

~,
6
4 |-
2 L
0 1 L 1 | 1 I L

09 10-19 20-29 30-39 40-49 50+
AGE ATB

FIGURE 7 AGE-SPECIFIC LINEAR REGRESSION COEFFICIENTS FOR BREAST CANCER RISK
AS A FUNCTION OF DOSE, SHOWING THE EFFECTS OF CORRECTION FOR MINIMAL
INDUCTION PERIOD AND MIGRATION. ESTIMATED EXCESS NUMBER OF CASES
PER RAD, EXPRESSED AS A PERCENTAGE OF BASELINE RISK
M7 #HEOMIE L TOILMABRE IR 3500 ARTE R (% WSS R ORR 2
My 2WMEORE 2R T, EMEHBEOTEFE L L THELE L rad 5/ 0 OHEE #RIH 2

6 T
\ Adjusted for induction period
5 \\ === === and migration
“““““ Adjusted for induction period
4 Unadjusted
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2 L
1+
0 ‘__j
-1 1 1 1 | 1 1 1
09 10-19 20-29 30-39 40-49 50+

AGE ATB
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Adjustment for Reporting Delays

Although it is likely that much of the improved
case finding of the 1974 series over the 1969
series for 1950-69, and of the present study over
the 1974 series for 1970-74, reflects reporting
delays, these differences also may depend on
improvements over time in the accessibility of
diagnostic information to investigators (e.g.,
through greater participation by hospitals and
physicians in the tumor and tissue registries).
It is difficult, therefore, to predict from these
comparisons what may be the eventual number
of cases discovered to have been diagnosed
during the period covered by the present report.
If we were to take a highly simplistic view of
the 1974 vs 1980 series comparison, and decrease
the WY for 1975-79 by 17% and those for 1980
by 31%, the absolute risk estimates in Table 13C
would be increased by 13% for women aged 0-9
ATB, and 5%, 4%, and 4% for the 10-19, 20-29,
and 30-39 age ATB cohorts, respectively.

Bilateral Breast Cancer

There were 10 bilateral cases in the series, of
which 7 were from Hiroshima and 3 from
Nagasaki. All were among women under age
35 ATB; the proportion of cases with bilateral
cancer decreased with increasing age ATB
(2-sided p-value =.046). There were two bilateral
cases with over 300 rad kerma and one for whom
no exposure estimate could be calculated;
two cases were nonexposed, and the rest had
estimated kerma values under 5rad. The dose
distribution of the nine cases with estimates
was such that a test for increasing trend in
average breast tissue dose reached statistical
significance (Table 14; p=0.044). The propor-
tion of bilateral cases, on the other hand, did not
increase with increasing dose (p=0.71 for trend).
Thus these data do not suggest that women with
bilateral breast cancer represent a subgroup
unusually susceptible to the carcinogenic effects
of ionizing radiation.

For half of the bilateral cases, the diagnosis
of breast cancer on the second side was made
in the same calendar year as that on the first
side. That proportion is higher than that seen
in other series,**! but this might be expected
given the relative recency of most of the breast
cancers in the present series.
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TABLE 14 SUMMARY CONTINGENCY TABLE ANALYSES OF THE INCIDENCE OF
BILATERAL BREAST CANCER, BY DOSE, ADJUSTED FOR CITY AND AGE ATB

#14

G FL oA 58 4 5 00 A ST U ARAT; BRIRBN. & H R UFRBER I

Kerma Interval in Rad

i 19 1049 5099  100-199 200-299 300-399 400+
Average Tissue
Dose in Rad 0 2.6 16.7 54.6 110.3 188.9 264.8 403.2
A. Analysis in terms of WY at risk
Observed 5 2 0 0 0 0 2 0
Expected 4.76 2.00 1.34 0.39 0.25 0.11 0.07 0.08
RR 1.00 0.95 0 0 0 0 26.97 0
WY (hundreds) 8778 3476 2368 6656 466 209 98 120
Trend test: p=0.044
B. Analysis in terms of total breast cancer cases
Observed 5 2 0 0 0 0 2 0
Expected 3.81 1.61 1.16 0.52 0.73 0.14 0.46 0.58
RR 1.00 0.95 0 0 0 0 3.32 0
Total cases 258 92 87 27 35 21 10 21
Trend test: p=0.67
1 Including NIC. WM T#HSH & &t
DISCUSSION ¥ =

The principal findings of the present study are
listed below:

1) A dose-related excess breast cancer risk was
found among women who were in their first
decade of life ATB.

2) Dose-related excess risks were also found in
women who were in their second, third, and
fourth decades of life ATB, but not in women
irradiated at older ages.

3) Contrary to the findings of the previous
(1950-74) survey,® no significant deficit of risk
was found among women aged 40-49 ATB.

4) In all age ATB cohorts for which a dose-
related excess risk was demonstrated, that excess
appeared at least 10 years after exposure, and
not before (about) age 30; subsequently, the
temporal distribution of the excess risk was
similar to that of the underlying, nonradiogenic
risk as observed among women with less than
10 rad total kerma.
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5) In keeping with the above finding, measures
of absolute risk tended to increase over time
following exposure, for the younger ages ATB,
while relative measures of risk did not vary over
time.

6) When calculated on the basis of risk 10 years
or more after exposure or after age 30, the excess
risk following exposure at ages 0-9 was compara-
ble to that following exposure at ages 10-19.
The latter risk was in turn greater than that
following exposure in the third and fourth
decades of life.

7) As in earlier series, the form of the dose
response for radiation-induced breast cancer
was consistent with linearity, with little variation
in slope between cities,

8) Adjustment of average breast tissue dose
values in keeping with proposed modifications to
the dosimetry presently in use for the LSS
sample produced only minor changes in risk
estimates, and no change in the overall findings
of linearity of response and similarity between
the two cities.

9) An excess risk from breast tissue doses less
than 1Srad is supported by analyses of data
restricted to 0-20 rad kerma, as well as by extra-
polation from higher-dose data.

10) Underascertainment of cases due to migra-
tion, reporting delays, and other factors was
estimated to have biased estimates of absolute
risk downward by 8%-30%, with the greatest
bias at younger ages ATB: relative measures of
risk were unaffected,

11) The incidence of bilateral breast cancers
increased with increasing dose, but not dis-
proportionately when compared with unilateral
cancers.

Of the above findigs, 1) and 6) are new, and
would not have been predicted on the basis of
findings from earlier studies of breast cancer
risk in irradiated populations, or from current
theoretical models for breast carcinogenesis,
Recent theoretical models have tended to
emphasize ages of hormonal stimulation and/or
rapid cell turnover, and to ignore the prepubertal
ages as potentially vulnerable periods for breast
cancer initiation.***®  That breast cancer can
be induced by irradiation of stem cells, at a
normally quiescent stage of development, is
surely a highly significant fact, if true.
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The present study was the first one in which a
population irradiated when very young was
examined for breast cancer risk at ages at which
breast cancer risk normally is appreciable. The
finding is not highly significant statistically
(p=.023 for trend), and the estimated 30%
underascertainment of cases (finding 10) is an
added reason for caution. Since the first publi-
cation of this finding,*® however, an excess risk
has been reported in women who had been
irradiated in infancy for supposedly enlarged
thymus glands.®®  That excess is remarkably
consistent with that found in the present study
with respect to both its magnitude and its distri-
bution by age at follow-up. Excess breast cancer
risk also has been reported among both men and
women who received orthovoltage chest irradi-
ation for childhood cancer, usually in combi-
nation with chemotherapy.**’ The existence
of a breast cancer risk following irradiation in
early childhood thus appears to be fairly well
established. It is also of interest that adult
cancers have been observed in fetally irradiated
beagle dogs.*®

Findings 2), 4), 5), and 7) confirm and strength-
en the conclusions of earlier studies, while
8) suggests that ongoing dosimetric revisions for
the LSS sample are unlikely to modify previous
conclusions about the linearity of the dose
response, or the comparability of age-specific
risk estimates based on different irradiated
populations.’® The methods used in this paper
to approximate the effects of dosimetric changes
were crude, however, and it is still possible that
greater changes will occur. Finding 9) was
predictable on the basis of data from previous
LSS series providing direct evidence of increased
risk from breast tissue doses under 50 rad.®°

Finally, finding 3) suggests that the earlier
(1950-74) statistically significant dose-related
deficit in breast cancer risk in the 40-49 age
ATB cohort® was a statistical fluke, while the
absence of an excess among women aged over 50
ATB would .appear to put to rest the marginally
significant excess risk for the S0+ age ATB
cohort found in the 1950-69 series® but not in
the 1950-74 series.® The 40-49 and 50+ age
ATB cohorts now appear much more similar
than previously with respect to breast cancer
risk, and conform more closely to an overall
pattern of decreasing risk with increasing age
ATB. In particular, there is less reason than
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before to hypothesize a radiation-induced
lowering of ovarian function, with a consequent
protection against breast cancer, in pre- and
peri-menopausal women to explain an otherwise
anomalous depression in breast cancer risk
for the 40-49 age ATB cohort.®194%50  The
foregoing hypothesis may still be required if,
for example, studies of other populations
irradiated at older apges (preferably not for
breast disease possibly associated with breast
cancer) should indicate an increased level of
risk, but the A-bomb survivor data no longer
seem internally inconsistent without such an
explanation,

Another lesson to be learned (or relearned)
from finding 3) is that statistical significance
provides no guaranty that a finding will hold
up after more data have been collected.

After 35 years of observation of the A-bomb
survivors of Hiroshima and Nagasaki, the dose-
related excess breast cancer risk among females
of the LSS sample is firmly established, and the
various details of this effect are beginning to
form coherent patterns. One such pattern is
rough linearity of dose response. Although it
may never be possible to claim linearity in any
exact sense, the analyses of Table 8 imply that,
as a practical matter, linear extrapolation of
excess breast cancer risk is reasonable down to
fairly low-dose levels,

Although the present data (or rather, that part
not included in previous LSS breast cancer
series) must be interpreted as strengthening the
case for approximate linearity of dose response
for radiation-induced breast cancer, other recent
developments may to some extent weaken the
overall argument. That argument, made in the
1980 BEIR report® and elsewhere,0:18:19:49
rests on the shapes of the observed dose-response
curves in various studies, on the apparent simi-
larity of linear-model risk estimates derived from
populations with acute and highly fractionated
exposures to radiation, and from the observation
that, using the T65 dosimetry, estimates of
neutron RBE have not been significantly different
from one. Given that the dosimetric changes for
the LSS sample may result in a much smaller
neutron component of dose from the Hiroshima
bomb, it seems unlikely that data from that
source will be sufficiently informative about
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neutron effects to serve as the basis for argu-
ments based on neutron RBE, either for or
against linearity. Also, a recent record linkage
study'” of breast cancer mortality among some
110,000 Canadian women given multiple chest
fluoroscopies during treatment at tuberculosis
sanitoria in Canada, whose radiation exposures
were highly fractionated and delivered over
periods of vears, has been interpreted as consis-
tent with a strong, positive quadratic component
of the dose-response relationship. This interpre-
tation, which seems contradictory to the general
observation from experimental radiobiology
that fractionation and protraction of dose
reduces nonlinear components of the dose
response.”> appears to rest on a difference
between data from Nova Scotia, where total
doses tended to be high, and other Canadian
provinces, where doses tended to be lower
because patients usually were examined with
their backs to the X-ray source.

Another pattern is that radiation-induced breast
cancer does not appear until ages at which
nonradiogenic breast cancer appears, and then
follows the same distribution with respect to age
at diagnosis. In other words, radiation exposure
may cause a breast cancer to occur, but its time
of appearance depends on other factors that
also govern the time of appearance of non-
radiogenic breast cancers. A related pattern is
that the amount of excess risk in any given time
interval as compared to any other following
exposure at a given age is (roughly) proportional
to the breast cancer risks that would have
obtained in the absence of exposure. In studies
of medically irradiated American populations,
a similar congruence has been observed between
age-specific population rates and the temporal
distribution of excess breast cancer risk!?: since
American and Japanese population rates vary
differently by age,”® radiation-induced excess
risk may also be distributed differently over time
in the two countires. It seems more likely,
however, that the apparent difference between
countries in the shapes of the population rate
curves as they depend upon age merely reflects
a cohort effect, as breast cancer risk increases
over time with changes in the Japanese life-
style #2:5%:5%  Gtevens et al®® have argued that
different birth cohorts of Japanese and American
women differ very little with respect to the
shape of the age-risk relationship.
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In the most widely accepted model of carcino-
genesis, normal cells are transformed to neoplastic
malignant cells by the two steps of initiation and
promotion, a model that has been extensively
investigated in experimental studies of mammary
cancer. Yokoro et al*® and Clifton and Crowley®’
demonstrated synergistic effects between radia-
tion and transplanted prolactin-secreting pituitary
tumors for mammary carcinogenesis in female
rats. In another study by Shellabarger et al®®
treatment with diethylstilbestrol (DES) often
induced pituitary tumors that secreted large
amounts of prolactin which played a role in
the pathogenesis of mammary adenocarcinomas,
possibly a synergistic response to DES plus
neutron radiation.

Human breast cancer is thought to be one of
the better understood neoplasms in terms of
carcinogenesis, Numerous epidemiologic studies
have identified several risk factors including age,
reproductive history, familial predisposition,
and nutrition ’**®  The importance of repro-
ductive history has also been supported by recent
studies of serum levels of estrogen and prolactin
in breast cancer cases and controls.®"®*  Since
these hormones are physiologically secreted
endocrines and have no mutagenic effects, it
seems likely that an antecedent initiating change
in the cells of the breast epithelium is necessary
for neoplastic cell proliferation.

Two recent hypotheses of breast carcinogenesis
are based on observations from studies of
A-bomb survivors, experimental carcinogenesis,
and epidemiologic and hormonal aspects of
human breast cancer. Moolgavkar et al*? de-
veloped a two-stage model which assumes that
two discrete and irreversible events are required
for cell transformation. Since each eveni must
occur during cell division, susceptibility to
carcinogenesis should be influenced by tissue
growth and rapid cell turnover. The “‘estrogen
window” hypothesis of Korenman® proposes
that breast cancer risk may be related fo the
duration of unopposed estrogen exposure during
the early postmenarchial period of puberty and
during the perimenopausal period. According to
this hypothesis, these two estrogen “windows™
provide periods of maximum inducibility by
environmental carcinogenesis. The present
results are seemingly incompatible with the
“second window” hypothesis, since no sensi-
tivity to radiation was seen in the perimeno-
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pausal period. According to Moolgavkar's and
Korenman's models, the premenarchial period
is a time of low risk for cancer induction, a
prediction that also is at variance with the
results of the present study.

The risk of radiogenic breast cancer appears to
decrease with increasing age at exposure, and in
fact there is no unequivocal evidence of an
excess risk following irradiation after about age
40. It now seems fairly certain that irradiation
of stem cells, well before ages at which major
hormonal stimulation of breast tissue occurs,
can cause breast cancer to occur later in life.
Yet radiogenic breast cancer seems no different
from nonradiogenic breast cancer with respect
to pathological subtype or distribution by age
at diagnosis, regardless of age at exposure.
These observations suggest a less important
role for developmental status at the time of
irradiation than has generally been assumed,
and a correspondingly greater role for life events
subsequent to irradiation in determining when,
and whether, radiation-induced breast cancer
may occur.

The well-known dependence of breast cancer
risk on age at menarche, age at menopause, and
age at first full-term delivery®® suggest that the
influential life events are hormonal in nature,
and it is tempting to hypothesize that the risk of
developing breast cancer as the result of an early
carcinomatous change induced by irradiation
depends on the length of time following
exposure during which hormonal stimulation is
present. A testable implication of this hypoth-
esis is that irradiation at age 8 should increase
risk more than irradiation at age 18 because the
earlier exposure should be followed by a longer
period of hormonal stimulation, whereas
exposure at age 2 should have the same effect
as exposure at age 8 because both ages are well
before menarche and the duration of subsequent
hormonal stimulation should be the same.
Continued observation of the LSS sample may
confirm or contradict this prediction.

One of the most interesting epidemiologic facts
pertaining to breast cancer risk is the difference
in population rates between the United States
and Europe on the one hand, and Japan on the
other.®®% This difference appears to be environ-
mental, because the children of Japanese migrants
to the United States tend to have breast cancer
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risks approaching those of Americans of European
descent.®®%* Not only are levels of risk different
between the United States and Japan, but
Japanese age-specific population rates tend to
level off after age 40, while in the United States
population rates increase steeply with age.®
Although Stevens et al®® have argued that
the leveling off of Japanese rates reflects risking
breast cancer rates in Japan and does not
characterize any single birth cohort, it is possible
that therelatively low rates among older Japanese,
as opposed to Western women, and the absence
of a marked excess risk following radiation
exposure after age 40 may have a common
explanation in terms of reduced hormonal
stimulation after menopause. In Western women,
the increase in age-specific rates after menopause
may reflect greater hormonal stimulation, and
it is possible that in Western populations irradi-
ation after age 40 may be associated with
increased breast cancer risk. It is also conceivable
that the generation of Japanese women now in
their 40s, who were children in 1945, may have
higher postmenopausal breast cancer rates,*® and
that they may be more susceptible than their
mothers to irradiation after age 40. Data from
American and Swedish populations treated by
X ray for benign breast disease correspond to a
higher risk than that observed in the present
study for exposures after age 40,'5'® although
the possibility that the treated disease may have
predisposed to breast cancer in some cases has
not yet been fully resolved. A cautious approach
to the interpretation of this and other studies
with respect to the estimation of excess breast
cancer risk following exposure to ionizing
radiation continues to be appropriate.
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APPENDIX TABLE 1

7% 1
MF HD. CITY AGE VYEAR DX KERHA (T65DR)} SIDE MF NO. CITY AGE VYEAR DX KERMA (TA5DR) SIDE
ATHB DX CERT _GAMMA MEUTROH ATB D% CERT GAMHA HEUTROM
N 16 76 4 pooo 0000 L H 58 55 3 D040 0001 ]
H 23 57 q 0154 0001 R H 29 61 4 D0s5 0060 ]
H 29 61 q NIC R N 21 a0 2 D277 ooov L
H 22 £5 2 1675 0075 Unk H 15 77 4 p224 0002 R
N L3 70 4 0305 0012 R H &5 55 1 pooz2 0000 Unk
N 31 76 4 D305 0012 L ] 13 65 4 Doty 0000 R
H 12 72 4 oooo 0poo L H 15 68 4 poop o0oo0o L
H 26 72 4 0140 0001 R H 51 76 4 pooo coop L
H 35 79 4 0018 0000 L M 14 17 4 gooo oooo (]
H 21 63 4 0698 0009 R M 59 54 2 0167 Doot ]
H 19 68 3 0116 0004 L M 14 68 4 0216 0005 [
H 24 73 3 D069 D000 R ] 13 67 4 0798 0013 L
H 23 33 4 oool DoOO L H 25 73 4 0000 000D L
H 28 7 4 0106 DOO1 L N 25 75 4 gopo 0000 R
H 25 70 2 0303 poa? L H 24 (14 4 001D 0000 R
H in 50 1 DDi15 D0OOD Unk H 17 72 4 Unknowun L
H 28 66 2 HIC Unk H 21 68 ] HIC L
H 17 a0 4 0317 0003 L N 3 70 4 HiC R
H 29 57 4 0011 ocoo R N 3 62 4 HIC R
H 27 76 4 NIC R H 19 73 3 HIC R
H 29 76 4 HIC L N 31 56 4 HIC L
M 26 74 4 NIC R H 32 TR 4 HIC R
H 19 T2 4 0162 0001 R H o7 1 3 o067 ooof 3
H 20 T3 1 0000 000D Unk M 34 67 4 0506 oOO08 L
H 19 67 4 D284 0003 L N 43 76 4 0000 0000 R
H 16 54 4 NIC L H 519 57 3 HIC R
H 26 66 4 pDzo 00DODO R H 15 BD 4 0035 0007 R
N 29 65 4 D163 poot L H 21 664 4 o012 0005 L
N 17 77 4 0341 0004 L H 20 68 4 NIC L
H 16 74 4 po0G DDOD R H 26 76 4 0015 0002 L
H 35 50 1 opos 00DOO R H 25 66 G pi22 o027 L
H 19 74 4 poo3 0000 L " 28 53 1 0113 0026 Unk
H 13 57 4 0000 0000 R ] 20 65 2 ooo1 0000 R
N 33 57 4 oooo 0000 L H 27 65 & 0013 0005 L
H 30 79 4 00o1 pooo L H 0 62 8 0142 0034 R
H 12 78 4 0poo 0000 R H 22 77 & 0000 0000 [
N 40 T4 L] n219 oopoz2 L H 24 64 4 HIC L
N 14 75 4 0259 0006 L H 21 8D 3 0000 0000 L
N 45 59 4 0000 0000 R H 22 7% 4 0032 0006 ]
M 15 78 4 0193 000G R H 23 67 4 HIC L
H a1 52 4 0oD7 0000 L H 37 17 4 0000 0000 R
N 3 75 4 0147 0003 L M 21 80 4 0018 0003 L
] 15 77 4 0277 0007 L H 20 BO 3 000D oooo L
N a0 67 4 pono 0000 R H 22 70 4 0029 0005 L
N 15 74 2 0274 0007 R H 04 75 4 0325 0068 ]
N 14 61 4 D1EB D002 R H 09 74 3 0073 0016 L
H 22 a0 4 p238 0001 L H 25 67 3 HIC L
H 14 77 4 ooDé 0000 R H 20 66 & 0004 0001 R
N 16 73 G oopo 0000 R H 23 7% 4 NIC L
M 36 61 2 oopz 0000 L H 24 79 4 0000 0000 L
H 17 76 4 pon2 oooo R H 27 62 2 0000 0000 Unk
H 27 61 3 opps 0000 L H 69 61 4 NIC R
N 53 60 4 oop3 0000 L H 30 63 3 gon2 000D L
H 49 78 4 0ooa 0000 L H 19 72 4 0215 0067 L
H 27 87 4 0003 0000 R H 25 62 3 0031 0006 R
N 44 (13 4 0o1e opoo R H 19 80 4 oon7 0003 L
N o 74 1 0045 0000 Unk " 23 68 & o0ooo oooo R
M 54 80 4 op3é 0000 L H 16 78 4 ooDt 0000 R
H 02 73 2 poz3 0000 R H 13 1% G 0203 0146 L
H [ 78 4 0057 0000 L H 13 79 4 0203 0146 R
N 13 66 G 0037 oooo L H 53 63 4 oopo 0000 L
H 51 99 3 0005 0000 L H 13 61 3 0opo oooo R
H 25 51 1 0005 0000 L H q3 77 f 0039 0008 L
H 14 79 4 0017 o000 L H 15 80 4 0000 o000 L
N 35 78 4 0105 ooot R H 06 75 4 0000 0000 R
N 12 78 4 0372 0004 R H 60 63 ] pooo oooo L
N 12 T4 2 0288 0002 L H kX 71 4 pooo 000D L
H 1" 68 3 0058 0000 L H 17 73 4 0ooo gooo L
M 06 79 0 0004 0000 L H a4 51 1 pooo 0000 Unk
N 44 69 4 0000 0000 R H 43 56 4 pooo oooo R
H 27 61 4 HIC R H 12 79 4 Unknown L
M 24 65 4 0001 0000 4 H 42 66 4 o0go7 0003 L
" 37 59 4 0275 0003 L " 27 78 2 0015 0003 R
H 01 an 3 0067 0000 R H 16 65 4 o000 oooo L
7] 13 70 4 pos2 0001 L H 62 71 4 0000 0000 L
H 15 65 4 0178 poot R H 10 72 4 0004 DO L
N 37 56 4 0175 0002 R H 13 i7 4 D170 D104 L
N 20 T4 G 0146 0003 L H 15 73 4 D132 0029 R
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APPENDIX TABLE 1 (Continued) f# 1 (#i%)

MF HD. CITY AGE YEAR DX KERHA [T65DR) SIDE HF NO. CITY AGE YEAR DX KERMA (T&5DR) SIDE
ATH DX _GERT FGAMHA WEUTRON ATB DX _CERT GAMMA HEUTROM

H 0s 79 4 pooo oopoo L H 51 59 4 0180 0045 R
H 26 70 4 0po0 opoo R H i3 56 4 opoo cooo L
H 15 " 4 Unknown L H 18 70 3 opoz o001 L
H 0a 67 2 poo7 o003 R H 20 75 4 0488 D411 R
H G an 4 000t oooo L H 31 69 2 nonz oot Unk
H 25 &7 4 HIC R H 20 67 4 0066 0038 L
H 13 71 2 0001 o000 L H 24 74 4 0025 0004 3
H L 61 G 0076 0017 Unk H na a0 4 pooo oooo (]
H 18 7 4 0op7 o003 L H 22 74 4 0007 0003 R
H 18 79 3 oo19 0005 L H 20 76 4 D539 D4lé L
H 18 14 4 0005 0002 L H 24 76 4 oopDo oooo R
H 22 &8 [ 0001 0000 Unk H 15 77 4 poop nooo ]
H 67 54 1 0009 0003 Unk W B &7 4 DO0Y D000 L
H 15 73 4 Unknoun L H 15 76 4 0000 COOOD L
H 1o 69 4 0D%7 0026 4 H 14 73 4 0001 0000 L
H G6 50 ] 0046 0010 L H 42 76 4 0000 cooo R
H 30 67 4 0190 D05 R H 40 67 4 0002 000D L
H 18 64 3 0036 DOt1A L H a7 74 1 0014 0002 Unk
H 26 55 2 0040 DOOT L H 47 63 4 0030 0006 R
H 12 75 [ D054 0010 L H 38 75 2 oon1 o000 L
H 60 59 3 0095 0021 ] H 3o 5% 4 0000 0000 3
H 34 70 G 0055 0009 R H n 76 [ opoo oono R
H 32 69 5 0042 0008 L H 51 59 | poo! oooo Unk
H 38 79 4 0206 0047 R H 35 73 4 0004 0001 ]
" 47 58 4 oops 0003 R H 38 50 1 opotl oooo Unk
H 18 69 4 0135 0024 L H 50 (13 4 0001 0ooo L
H 22 62 4 0079 0018 R H 15 72 3 poo2 onoo L
H aq 76 & 0036 0006 L H 15 79 3 ooo2 oooo R
H 39 B0 4 0225 0058 L H 37 52 4 0ooo DoDO R
H 45 5% 3 ooo1 oooo R H 18 [1:) 4 noot oooo L
H 5 59 3 o000 oooo R 1] 46 75 4 poetl pooo R
H 17 74 4 0000 0000 L H 12 76 4 0DO15 D006 L
H 20 79 4 D0ED 0013 L H a4 &0 [ 0000 nopo R
H a6 68 4 po21 0004 L H 48 73 2 0000 000D L
H 27 65 1 Unknowun L H 41 55 4 0004 0001 ]
H 16 &0 2 0395 0097 L H 13 75 3 0009y 0003 L
H 53 57 3 o000 0000 R H 25 64 3 oopno oooo R
H 14 68 2 0022 0004 L H 28 61 3 0oD1 0oo0O0 L
H 04 80 ] 00%0 0047 R H 46 53 1 0011 0005 Unk
H 14 74 4 0003 0001 R H 30 57 4 oont 0000 ]
H 21 80 4 pony oooo L H 12 75 4 opo2 oooo L
H 14 72 4 pDoD6 D002 R H 37 51 4 poDs 0001 L
H 39 77 4 oooo oooo R H 26 80 4 0ooo oooo L
H 50 &2 2 poos oopoz2 Unk " 13 73 i oooo oooo L
H 03 77 4 0004 0001 L H 4 53 3 0ot 0OOS L
H a3 a0 4 noo4 ooof R H 45 51 3 popoo oooo L
H 24 75 4 0000 D000 L H 59 73 4 0004 D001 L
H 24 75 3 0000 o000 R " 14 7 4 ptoé oo27 R
H 55 73 4 0002 D000 L H 1] 73 1 0005 o002 L
H 40 78 4 0276 0069 3 H 12 72 L] oooo oooo L
H 36 69 2 0385 0109 L H 02 73 4 poot oooo L
H 17 61 4 nn29 0006 R H 29 72 ' no12 oooa2 L
H 18 56 4 0027 0004 R H o1 73 o o000t oooo L
H 43 79 Ll 0005 o002 R H 38 50 4 o0poz 0004 R
H 17 61 4 0050 00D8 R ] 12 &t 2 not11 pooG L
H 37 [1:] 3 0488 0107 R H 19 76 4 pooo ovoo R
H 16 80 4 Unknowun ] H 32 79 4 pooe 0000 L
H 45 T4 & oo12 o005 L H 28 76 4 poiY 0004 R
H 1 70 4 noo3 o000t R H 52 64 4 npooo 0000 ]
H 20 6h ] Unknown R H 16 78 4 nooo 0ooo L
H 20 67 f Unknown L H 14 74 4 D697 0289 L
H 47 64 3 NIC L H 25 75 4 npeoo 0000 R
H 19 72 4 1053 0363 L H a4 65 4 0000 0000 L
H 43 54 4 0100 o020 L H 16 77 1 0000 0000 Unk
H 13 63 2 0013 0005 L H 30 71 4 0002 0000 L
H 25 78 2 ooos5 ooo2 L H 19 53 1 goop oooo L
H 44 (1] 3 0010 0004 L H 50 62 1 oooo oooo Unk
H 17 80 4 0037 0007 R H 15 77 4 1814 6493 R
H 15 72 4 0013 0005 L H a7 76 4 0000 0000 L3
H 12 B0 4 0061 0012 L H 40 74 1 geoo oooo Unk
H 19 72 % 0117 0026 L H 28 T7 4 gono oooo L
H 35 68 3 0136 0024 R H (1] 69 4 00o0 Dooo R
H 39 62 [ oon7 0003 R " 50 52 3 gono oooo R
H 49 60 4 0031 0005 R H 21 69 3 0oDo 0000 R
H 36 76 4 0u0o 0ooo (] H 49 80 [ 0ono ooon L
H 20 64 4 oont 0000 L H 54 60 G 0000 0000 R
H 38 54 4 0003 000t R H 28 78 4 gopo oooo L
H 19 67 4 no76 0014 R H 36 59 G oop2 nooo R
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APPENDIX TABLE 1 (Continued) f1# 1 (Hi%)

MF HO. CITY AGE YEAR DX  KERMA (T65DR) SIDE MF HD. CITY AGE YEAR DX  KERMA (T&5DR) SIDE
ATH DX CERT GAHHA HEUTRON ATB DX CERT GAMMA NEUTRON

" 3¢ 70 3 0oo03 oool L H 39 61 4 0000 0000 ]
H 61 68 4 0000 0000 R H 31 61 2 0000 0000 L
H 16 78 5 0ooo 000D L H ET I 4 0000 000D L
H 22 66 4 0045 0006 Unk W 49 63 4 0000 0000 R
H 63 55 1 o012 0005 Unk W 0 79 4 0000 0000 L
H 12 67 4 0015 0m05 L H 16 66 4 0000 0000 L
H 51 60 3 gooo 0000 R H 47 59 3 0000 0000 R
H 16 65 2 0000 0000 L ] 1o 4 0000 0000 R
H 2z 73 4 0000 0000 R H 44 70 4 0004 D001 R
H s 64 4 0oo0 0000 L H 38 57 4 0000 0000 L
H 36 B0 4 0uo0 0000 L [0 25 T 4 0000 0000 R
H 66 59 2 goao 0000 R H 08 76 3 0150 0029 L
H 4ap 76 4 opop 0000 R H 3779 4 0053 0012 ]
H 33 77 4 0000 0000 R H 42 56 4 0000 0000 R
H 26 63 2 goop 000D R H 27 51 3 Unknown R
H 39 57 4 oooo o000 R H 26 74 2 0384 0201 R
H 36 65 1 0oot 000D Unk H 35 75 4 NIC L
H 64 99 4 0010 0004 L H 27 58 2 NIC R
H 51 63 ) 003z 0005 R H 33 56 4 ooo1 0000 R
H 21 72 ] o000 o000 Unk H 34 70 4 NIC L
H 34 65 ] ooot 0000 R H 16 67 3 HIC R
H 16 66 2 0000 0000 ] H 22 &1 4 NIC L
[ 46 B8O 4 0000 0000 R H 28 76 4 NIC R
H 14 Al L] 0ooo0 oooo L W 19 64 G 0493 D112 L
H s 74 4 0001 oooo L H 26 77 & poo3 oood L
H 12 67 4 0193 0049 L H 18 78 4 noo0 0000 L
H 52 61 2 0019 o002 Unk H 27 77 1 0035 0006 L
H 41 61 3 oooo oooo L H 20 74 1 0009 D004 R
H 26 68 4 poo3 oood R H 18 73 4 opoo oooo L
H 43 75 4 0000 000D R H 18 73 ' ppoo0 0000 R
H 18 68 1 ooo7 0003 L H 19 73 4 MIC L
H 70 53 3 D023 0004 Unk H 17 78 4 HIC L
H 29 74 4 0039 0010 L H 31 78 4 NIC L
H 16 66 & poop 0000 R H 25 76 4 0174 0039 L
H 64 62 3 HiC L H 23 79 4 0002 0001 L
H 10 77 4 pooo 0000 L H 15 71 G 0004 0001 L
H is 63 4 pooo D000 R H 25 69 4 o026 0005 R
H 1.} 67 4 po11 D0OS L H 19 70 [ 0449 0210 R
H 14 65 L] 0047 DOOY L H 22 62 &4 0286 0079 L
H 3 78 2 D411 0336 Unk H 15 75 4 0026 0005 ]
H 17 74 4 poss 0020 R H 26 7 4 0000 0000 R
H 20 61 4 poDY 0000 L H 29 70 4 Q000 0000 [
H 15 62 4 D633 0168 L H 13 8D 4 0243 0181 L
H 41 50 3 po17 0002 L H 26 61 4 0069 0019 L
H 26 64 4 Do04 0001 R H 19 65 4 HiC L
H 14 @0 4 p2t2 0209 ® H 18 67 3 HIC L
" 41 74 4 poos 0003 R [ 19 72 4 HIC L
H 13 61 L] Unknoun L H 16 74 4 HIC R
H G4 56 4 0000 DOOD Unk H 22 69 3 HIC R
H 14 64 4 0000 DOOO R H 17 67 4 HIC ]
H 13 7 G 0025 00412 L H 22 T4 4 Unknoun R
H 27 70 4 0000 0000 R " 20 63 3 ool 0000 L
H 55 64 4 o001 opooo L H 24 61 2 HIC L
H 26 73 4 0000 0000 R [} 17 61 3 HIC R
H 25 57 4 0000 0000 R H 17 60 4 HIC R
H B 61 3 0000 0000 L H 2z 70 4 NIC L
H 75 53 1 pooo 0000 Unk " 16 77 4 0001 0000 R
H 26 17 4 pooo 0000 L H 16 72 4 HIC L
H 29 66 3 D000 0000 L H 16 78 4 HIC L
H 19 80 4 pooo 0000 R H 15 80 4 0018 000& R
H 49 51 2 0000 0000 L H 21 69 3 0269 0072 R
H 3775 4 0000 0000 L [ 21 M 4 0372 0090 L
H 46 52 3 0000 0000 R H 33 68 4 NIC L
H 12 69 1 0000 0000 Unk 1 38 61 4 0000 000D L
H 60 63 4 0000 0000 R H 36 63 3 0001 0000 L
H 45 71 3 0003 ooot R H 14 70 2 0000 0000 L
H 30 60 3 pooo 0000 L H 06 79 4 0016 0002 R
H 31 67 4 ppot 0000 L H 05 76 4 0022 0004 L
H 42 76 4 0o00 0000 L H 32 67 2 oop2 ooot R
H 25 B0 4 pooo 0000 L H 66 99 4 0000 0000 R
H 34 76 4 peoo 0000 L H 28 68 4 0061 0012 R
H 42 79 4 0p00 0000 R H 31 62 3 0026 0013 R
" 19 71 3 o007 0003 R H 55 642 4 0007 0003 R
W 14 73 4 Unknown L H 16 76 4 po21 0003 L
H 36 72 4 0oD0 0000 L H a6 99 4 0000 0000 L
H 60 55 1 0000 0000 Unk H 23 79 4 pooo 0000 L
H 372 4 0000 0000 L H 52 61 2 D110 0025 Unk
H 19 79 4 0000 0000 R H 24 70 4 0002 0001 L
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APPENDIX TABLE 1 (Continued) fi# 1 (#i%)

HF HD. CITY AGE YEAR DX KERMA (T&5DR)  SIDE MF NO. CITY AGE VYEAR DX KERMA (T&5DR) SIDE
ATH DX CERT GAMMA HEUTROMN ATHB DX CERT GAMMA HEUTROM

H 47 66 3 0017 0003 L H 42 7a 4 NIC L
H 18 55 4 0000 0000 R H 34 66 4 0139 0033 R
H k1] 70 2 0015 o002 L H 14 78 4 o000 oooo R
H 45 58 3 0132 0038 R H 51 61 % o006 0002 R
H 13 78 4 non7 0003 R " 17 72 1 Unksiaun Unk
" 42 75 1 0005 0002 Unk " 10 63 3 HIC L
H 27 65 2 0183 0116 L H 15 80 2 0000 0000 L
H 06 78 4 0000 0000 L n 04 74 4 0003 0001 L
H 29 76 4 0011 00D L H 30 65 4 0343 0109 R
H 18 71 4 ooot oooo L H 33 &5 2 0013 0002 L
H 36 64 G Dop39 ooo? L H 20 (1] 4 pnop oonoo [:3
H 49 70 4 0000 o000 R H 13 75 1 Unknoun Unk
H ot 78 3 0051 0009 L H 16 74 4 0011 D004 R
H ig 58 4 po62 0013 L H 39 73 4 Hic L
H 38 79 6 noo? 0003 L H a8 74 4 NIC R
H 42 54 4 o004 000t R H 14 75 4 NG L
H a1 52 2 0008 0003 R " 17 77 4 N1C L
H 34 60 2 0000 0000 L H 40 79 P NIC i
H 47 55 6 0001 00DO L " 46 67 4 NIC L
H 44 60 8 HIC L H 48 58 § HIC R
H 14 68 6 0000 000D L H 57 70 p Hic &
H 35 54 4 HIC L H 48 71 4 HIC L
H 33 56 4 HIC L H 33 73 4 HIC R
H 42 57 G o002 ooo0t R H 37 74 4 HIC L
H 40 58 3 HIC R H 42 71 4 HIC R
H 37 50 4 NIC L H 28 78 4 NIC [
H 44 59 1 HIC Unk H 31 78 3 HIC L
H 32 71 3 oopo oooo [ H 25 59 2 HIC R
H 12 75 4 0000 oooo L H 62 68 3 HIC L
H 35 60 4 0159 0039 R H 44 60 2 HIC L
H 20 &5 3 poo3 ooot R ] 57 60 1 HIC Unk
H 30 76 4 nooo oooo L H 48 68 4 HIC R
H 24 61 3 oooo oooo R H a7 79 2 HIC Unk
H 40 75 4 poon oooo R H 42 73 4 NIC R
H 61 7o 1 0000 D000 Unk H 62 77 4 HiC R
H 57 73 i 0054 00114 R [ 02 77 4 NIC L
H 25 72 2 0000 D000 R " 33 74 4 HiC R
H 14 76 4 MIC R " 62 79 4 HIC L
H 14 64 4 NIC L H 14 76 4 NIC L
H 08 . &7 2 NIC Unk H 14 77 4 NIC R
" a6 74 4 0011 0004 L H 50 73 4 NIC R
N 15 ao o 0112 goot L H 19 76 4 HIC R
] 17 74 4 HIC L " 44 80 3 HIC R
H 14 76 4 0102 o001 L H 58 68 4 NIC R
N 14 69 4 HIC L H 36 71 5§ HIC L
H 52 50 1 0000 0000 Unk H a6 67 4 NIC R
H 44 54 | HiC Unk H 48 58 2 HIC R
H 73 55 1 HIC link H 45 70 4 HIC L
H 645 77 4 0231 0052 R H 39 69 f HIC L
H 2B 60 4 0000 0000 L " 36 67 2 HIC Unk
H 53 68 2 NIC ] H 36 77 4 HIC R
] 37 59 3 HIC L H 20 70 4 HIC R
H 33 78 L] HIC R H 24 76 1 HIC R
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APPENDIX TABLE 2
fi& 2

A. Breast cancer cases, by city, age ATB, calendar time, and kerma
LA g R, RARERGRS, BEE, R kerma §Y

AGE ATB  YEARS NIC 0 1-9  10-19 20-49 50-99 100- 200- 300- 400+ UNK  TOTAL
0-4 1950-54 0 0 0 ] 0 0 0 ) 0 0 0 0
0-4 1955-58 0 0 0 0 0 0 0 0 0 0 0 0
0-4 1959-62 0 0 0 0 0 0 0 0 0 0 0 0
0=4 1963-66 0 0 0 0 0 0 0 0 0 0 0 0
0-4 1967-70 0 0 0 0 0 0 0 0 0 0 0 0
0-4 1971-74 0 0 3 0 0 0 0 0 0 0 0 3
D=4 1575-78 1 0 1 0 0 1 0 0 1 0 0 5
0-4 1979-80 0 0 0 0 0 0 1 0 0 0 0 1
0=4 TOTAL 1 0 4 0 0 1 1 0 1 0 0 8
5-9 1950-54 0 0 0 0 0 0 0 0 0 0 0 0
5-9 1955-58 0 0 0 0 0 0 0 0 0 0 0 0
5-9 1955-62 0 0 0 0 0 0 0 0 0 0 0 0
5-9 1963-66 0 0 0 0 0 0 0 0 0 0 0 0
5-9 1967-70 1 0 0 1 0 0 0 0 0 0 0 2
5-9 1971-74 0 0 0 0 0 1 0 0 0 0 0 1
5-9 1975-78 0 2 0 0 1 0 1 0 0 0 0 4
5-9 1979-80 0 2 0 1 0 0 0 0 0 0 0 3
5-§ TOTAL 1 4 0 2 1 1 1 0 0 0 0 10
10-14  1950-54 0 0 0 0 0 0 0 0 0 0 0 0
10-14  1955-58 0 0 0 0 0 0 0 0 0 0 0 0
10-14  1959-62 0 0 0 1 0 0 0 0 0 0 1 2
10-14 196366 1 0 0 1 0 1 0 0 0 0 0 3
10-14  1967-70 0 3 0 0 1 0 1 1 0 0 0 6
10-14  1971-74 0 3 4 0 1 0 1 0 0 1 1 11
10-14  1975-78 3 3 2 1 1 1 0 1 0 0 1 13
10-14  1979-80 0 1 0 0 0 1 0 0 1 2 1 6
10-14 TOTAL 4 10 6 3 3 3 2 2 1 3 4 61
15-19  1950-54 0 0 0 0 0 0 0 0 0 0 0 ]
15-19  1955-58 0 0 0 0 0 0 0 0 0 0 0 0
15-19  1959-62 2 0 0 0 1 2 0 0 0 1 0 6
15-19 196366 1 5 0 0 0 1 0 0 0 1 0 8
15-19  1967-70 3 0 2 1 0 1 1 0 0 1 0 9
15=19 197174 4 3 4 3 0 0 3 1 0 1 3 22
15-19  1975-78 G 6 2 1 2 0 0 0 0 1 0 16
15-19  1979-30 0 4 0 1 4 0 0 0 0 1 1 11
15-19  TOTAL 16 18 8 6 7 4 4 1 0 6 4 72
20-24¢  1950-54 0 0 0 0 0 0 ] 0 0 0 0 ]
20-24  1955-58 0 0 0 0 0 0 0 0 0 0 0
20-24¢  1959-62 2 1 1 0 0 1 0 0 1 0 0 6
20-24  1963-66 1 2 5 1 0 1 0 0 0 0 1 11
20-24  1967-70 5 2 2 0 1 0 1 0 1 0 0 12
20-24  1971-74 0 3 0 2 1 0 0 0 0 1 1 8
20-26  1975-78 1 3 0 1 0 0 0 0 0 2 0 7
20-24  1979-30 1 4 2 0 2 1 0 0 0 0 0 10
20-24 TOTAL 10 15 10 4 4 3 1 0 2 3 2 54
25-29  1950-56 0 0 0 0 0 0 1 0 0 0 1 2
25-29  1955-58 1 1 0 0 1 0 0 0 0 0 0 3
25-29  1959-42 1 2 1 0 1 1 0 0 0 0 0 6
25-29  1963-66 0 1 1 i 0 0 1 1 0 0 1 6
25-29  1967-70 2 3 1 0 1 1 0 0 0 0 0 3
25-29  1971-74 1 3 0 1 1 0 0 0 0 1 0 7
25-29  1975-78 2 5 2 3 1 0 0 1 0 0 0 1%
25-29  1979-80 0 2 0 0 0 0 0 0 0 0 0 2
25-29 TOTAL 7 17 5 5 5 2 2 2 0 1 2 48
30-36  1950-54 0 0 0 0 0 0 0 0 0 0 0 0
30-3¢  1955-58 1 2 2 0 0 0 0 0 0 0 0 5
30-3¢  1959-62 0 4 0 0 1 0 1 0 0 0 0 6
30-34  1963-86 1 1 3 1 0 0 1 0 0 1 0 8
30-36  1967-70 2 0 5 0 1 2 0 1 0 0 0 11
30-36  1971-76 2 5 1 0 0 0 0 0 0 0 0 8
30-34  1975-78 2 4 0 0 0 0 0 0 0 1 0 7
30-36¢  1979-80 0 1 0 0 0 0 0 0 0 0 0 1
30-34 TOTAL 8 17 1 1 2 2 2 1 0 2 0 46
35-39  1950-54 0 2 3 0 0 0 0 0 0 0 0 5
35-39  1955-58 2 3 0 0 1 1 0 0 0 0 0 7
35-39  1959-62 1 4 2 1 0 0 1 0 o 0 0 9
35-39  1963-66 0 1 1 0 1 0 0 0 0 0 0 3
35-39  1967-70 % 0 1 2 ] 0 1 0 0 2 0 8
35-39  1971-74 3 1 2 0 0 0 0 0 0 0 0 6
35-39  1975-78 3 5 1 0 0 0 0 0 0 0 0 10
35-39  1979-80 0 i 0 1 0 1 0 2 0 0 0 5
35-39 TOTAL 11 18 10 4 2 2 2 2 0 2 0 53
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BREAST CANCER CASES, BY CITY, AGE ATB, CALENDAR TIME, AND KERMA

CITY AGE ATB  YEARS NIC 0 1= 10-19 20-49 50-99 100- 200- 300- 6400+ UNK TOTAL
HIRO  40-44  1950-54 1 1 1 3 0 0 1 0 0 0 0 7
HIRG  40-44  1955-58 1 3 2 0 0 0 0 0 0 0 0 6
HIRO  40-44  1959-62 3 2 0 0 0 0 0 0 0 0 0 5
HIRO  40-44  1963-66 0 2 0 2 0 0 0 g 0 0 0 4
HIRD  40-44  1967-70 2 1 2 (] ] 0 o 0 0 0 0 5
HIRD  40-44  1971-74 2 2 1 2 ] 0 0 0 0 0 0 7
HIRO  40-44¢  1975-78 1 5 1 0 2 0 0 0 1 0 0 10
HIRO  40-4%4  1979-80 3 1 2 0 0 0 0 0 0 0 0 6
HIRD  40-44 TOTAL 13 17 3 7 2 0 1 0 1 0 0 50
HIRD  45-49  1950-54% 0 3 0 2 0 1 0 0 0 0 ] 6
HIRD  45-49  1955-53 2 0 1 1 0 0 1 0 0 0 0 5
HIRO  45-49  1959-52 1 1 1 0 1 0 0 0 0 0 0 4
HIRO  45-49  1983-86 1 1 0 0 2 0 0 0 0 0 0 4
HIRO  45-49  1967-70 3 2 0 0 1 0 0 0 0 0 ] 6
HIRO  45-49  1971-74 1 1 1 2 0 0 0 0 0 0 0 5
HIROD  45-49  1975-78 0 0 1 1 0 0 0 1 0 0 0 3
HIRD  45-49  1579-30 1 2 0 0 0 0 0 0 0 0 ] 3
HIRO  45-49 TOTAL 9 10 4 6 4 1 1 1 0 0 o 36
HIRD  50-59  1950-54 0 2 0 0 g 0 0 0 0 0 2
HIRO  50-59  1955-58 0 1 0 0 0 0 0 0 0 0 0 i
HIRO  50-59  1959-62 1 3 2 1 1 0 1 1 0 0 10
HIRD  50-59  1953-66 0 2 2 0 1 0 0 0 0 0 0 5
HIRD  50-59  1967-70 3 0 1 0 0 0 0 0 0 4
HIRO  50-59  1971-74 1 0 2 0 0 1 0 0 0 0 0 4
HIRD  50-59  1975-78 0 0 0 0 0 0 0 0 0 0 0 0
HIRO  50-59  1979-80 0 0 0 0 0 0 0 0 0 0 0 0
HIRO  50-59  TOTAL 5 8 7 1 2 1 1 1 0 0 0 26
HIRO 60+ 1950-54 0 1 0 0 1 0 0 0 0 0 0 2
HIRD 60+ 1955-58 1 1 0 1 0 0 0 0 0 0 0 3
HIRO 60+ 1959-52 1 2 0 0 0 0 1 0 0 0 0 4
HIRO 60+ 1963-66 0 2 0 ] 0 0 0 0 0 0 0 z
HIRO 60+ 1967-70 ] 2 0 1 0 0 1] 0 0 0 1] 3
HIRD 60+ 197 1-74 0 0 0 ] 0 0 0 0 0 0 0 0
HIROD 60+ 1975-73 1 0 0 0 0 0 0 0 0 0 0 1
HIROD 60+ 1979-80 1] 1] 0 1] 0 0 1] 0 1} 1} ] 0
HIRO 60+ TOTAL 3 8 0 2 1 0 1 0 0 0 0 15
HAGA 0-4 1950-54 0 0 0 0 0 0 0 0 0 0 0 0
NAGA 0-4 1955-58 0 0 0 0 0 0 0 0 0 0 0 0
NAGA 0-4 1959-62 0 0 0 0 0 0 0 0 0 0 0 0
NAGA 0-4 1963-66 0 0 0 0 0 0 0 0 0 0 0 0
NAGA 0-4 1967-70 0 0 0 0 0 0 0 0 0 0 0 ]
HAGA 0-6 197 1=74 0 0 0 0 2 0 0 0 0 0 0 2
NAGA 0-6 1975-78 0 0 0 0 0 1 0 ] 0 0 0 1
HAGA 0-4 1979-80 0 0 0 0 0 1 0 0 0 0 0 1
HAGA 0-4 TOTAL 0 0 0 0 2 2 0 0 0 0 0 4
HAGA  5-9 1950-564 0 0 0 0 0 0 0 0 0 0 0 0
HAGA 5-9 1955-58 0 0 0 0 o 0 0 0 0 0 0 0
NAGA 5-9 1959-62 0 0 0 0 0 0 0 0 0 0 0 0
NAGA 5-9 1963-66 0 0 0 0 0 0 0 0 0 0 0 0
HAGA 5-9 1967-70 0 0 0 0 0 1 0 0 0 0 1
NAGA 5-9 1971-74 0 0 0 0 0 0 0 0 0 0 0 0
HAGA 5-9 1975-78 0 0 0 0 0 0 0 0 0 0 0 0
NAGA  5-9 1979-30 0 0 1 0 0 0 0 0 0 0 0 1
HAGA  5-9 TOTAL 0 0 1 0 0 1 0 0 0 0 0 2
NAGA  10-14  1950-54 0 0 0 0 0 0 0 0 0 0 0 0
HAGA  10-14  1955-58 0 0 0 0 0 ] 0 0 o 0 0 0
NAGA  10-14  1959-62 0 0 0 0 0 0 1 0 0 0 0 1
NAGA  10-14  1963-66 0 0 0 1 1 0 0 0 0 0 0 2
NAGA  10-14  1967-70 1 0 0 0 0 2 0 1 0 1 0 5
HAGA 10-14 1971=74 1} ] 1 0 0 o 1] y| 1] 0 0 2
NAGA  10-14  1975-78 0 2 1 0 0 o 1 1 1 0 0 6
NAGA  10-14  1979-80 0 0 0 1 0 0 0 0 0 0 0 1
NAGA  10-14 TOTAL 1 2 2 2 1 2 2 3 1 1 0 17
NAGA  15-19  1950-54 1 0 0 0 0 0 0 0 0 0 0 1
NAGA  15-18  1955-53 0 0 0 0 0 0 0 0 0 0 0 0
NAGA  15-19  1959-62 0 0 0 0 0 0 0 0 0 0 0 0
NAGA  15=19  1953-66 0 0 0 0 0 0 1 0 0 0 0 1
NAGA  15-19  19§7-70 0 1 0 0 0 0 1 1 0 0 0 3
NAGA  15-15  1971-74 2 1 1 0 0 0 i 1 0 0 1 7
HAGA 15=19 1975=-78 1] 1 1 0 0 0 1 2 1 0 0 ]
NAGA  15-19  1979-30 0 0 0 0 0 0 1 0 1 0 0 2
NAGA  15-19 TOTAL 3 3 2 0 0 0 5 4 2 0 1 20
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BREAST CANCER CASES, BY CITY, AGE ATB, CALENDAR TIME, AND KERMA
CITY AGE ATB YEARS NIC 0 1-9  10-19 20-49 50-99 100- 200- 300~ 400+ UNK TOTAL
NAGA 20-24 1950-5¢4 0 0 0 0 0 0 ] 0 0 0 0 0
HAGA 20-264 1955-58 0 0 ] 0 0 0 1 0 0 0 0 1
NAGA 20~-24 1959-62 0 0 0 1 0 0 0 0 0 0 0 1
HAGA 20-24 1963-66 0 0 2 0 0 0 0 0 0 2 0 4
HAGA 20-24 1967-70 1 a 0 0 0 0 0 0 0 0 1
NAGA 20-24% 1971-74 0 1 0 0 0 1 1 0 0 ] 0 3
HAGA 20-24 1975~78 0 0 0 0 0 0 0 0 0 0 0 0
HAGA 20-24 1979-80 0 0 0 0 0 [} 0 2 0 0 0 2
HAGA 20=-24 TOTAL 1 1 2 1 0 1 2 2 0 2 0 12
NAGA 25-29 1950-54 0 0 1 0 0 0 0 0 0 0 1] 1
NAGA 25-29 1955-58 0 0 ] 1 0 0 0 0 0 0 0 1
HAGA 25-29 1959-62 2 0 1 0 0 1 0 0 0 0 0, 4
HAGA 25-29 1963-46 1 0 0 0 1 0 1 ] ] 0 ] 3
HAGA 25-29 1567-70 0 0 1 0 1] 0 0 0 1 0 0 2
HAGA 25-29 197 1=-74 1 1 0 0 0 0 2 ] ] 0 0 4
NAGA 25=29 1975-78 1 1 0 0 0 0 0 0 0 0 0 2
HAGA 25-29 1979-80 0 0 0 0 0 0 0 0 0 0 0 0
HAGA 25-29 TOTAL 5 2 3 1 1 1 3 0 1 0 0 17
NAGA 30-34 1950~54 0 0 0 1 0 0 ] 0 0 0 0 1
HAGA 30-34 1955-58 1 1 0 0 a 0 0 0 0 0 0 2
NAGA 30-34 1959-62 1 0 0 0 0 0 ] 0 0 0 0 1
NAGA 30-34% 1963-66 0 0 0 0 0 0 0 0 0 0 0 0
NAGA 30-34 1967-70 1 0 0 0 0 0 0 0 1 1 0 3
NAGA 30-34 1971-74 1 1 0 0 0 0 0 0 0 0 0 2
NAGA 30-34% 1975-78 0 0 ] 0 0 0 1 0 0 0 0 1
NAGA 0-34 1979-80 0 0 1 0 0 0 a 0 0 0 0 1
NAGA 30-34 TOTAL 4 2 1 1 0 0 1 0 1 1 0 11
NAGA 15-39 1950-54 0 0 1 0 0 0 1 0 0 0 0 2
NAGA 35-39 1955-58 0 0 0 0 0 0 0 0 0 0 0 0
HAGA 35-39 1959-52 0 0 1 0 0 0 0 1 0 0 0 2
HAGA 35-39 1963-66 0 0 0 0 0 0 0 ] 0 0 0 0
NAGA 35-39 1967~70 0 0 0 0 0 0 0 0 0 0 0 0
HAGA 3839 1971-74 0 0 0 0 0 0 0 0 0 0 0 0
NAGA 15-39 1975-78 0 0 0 0 0 0 1 0 0 0 0 1
HAGA 35-39 1979-80 0 0 0 1 0 0 0 0 0 0 0 |
NAGA 15-39 TOTAL 0 0 2 1 0 0 2 1 0 0 0 6
HAGA 40-44 1950-54 0 0 1 0 0 0 0 0 0 0 0 1
NAGA 40=44 1955-58 0 0 0 0 0 0 0 0 0 0 '] 0
HAGA G0-44 1959-62 0 0 0 0 0 0 ] 0 0 0 ] 0
NAGA 40-64 1963-66 0 0 0 1 13 0 0 0 0 0 0 1
NAGA 40-64 1967-70 0 2 0 0 0 0 0 0 0 ] 0 2
HAGA 40-46 1971-74 0 ] 0 0 0 0 0 1 0 (1] 0 1
HAGA 40-44 1975=-78 0 1 0 0 1] a 0 1] 0 ] 1} 1
HAGA 40-44 1979-80 0 0 0 0 0 0 0 0 0 0 0 ]
NAGA 40-44 TOTAL 0 3 1 1 0 0 0 1 0 0 0 6
HAGA 45-69 1950-54 0 0 0 0 0 0 0 0 0 0 0 0
HAGA 45-49 1955-58 o 0 0 0 0 0 0 0 0 0 0 0
HAGA 45-49 1959~62 1] 1 0 0 0 0 0 0 0 0 0 1
HAGA 45-49 1963-66 0 0 0 0 0 0 0 1] 0 0 0 0
NAGA 45=49 1967=70 0 0 0 0 0 0 0 0 0 0 0 0
HAGA 45=49 1971-74 0 0 a 1] 1] ] a 0 o 0 0 1]
HAGA 45-49 1975-78 0 0 1 0 0 0 0 0 0 0 0 1
HAGA 45-49 1979-30 0 0 0 0 0 0 0 1] 0 0 3 1]
HAGA 45-49 TOTAL o ! 1 ] o 0 0 0 ] 0 0 2
HAGA 50-59 1950-54 0 0 0 0 0 0 1 0 0 0 0 1
NAGA 50-59 1955~58 1 0 1 0 1 0 0 0 0 0 0 3
HAGA 50-59 1959-62 0 0 1 0 1 0 '] 0 o 0 0 2
NAGA 50-59 1963-66 0 0 0 0 0 0 0 1] 0 0 0 0
NAGA 50-59 1967-70 0 0 il 0 0 0 0 0 0 0 0 0
NAGA 50~59 1971-74 0 0 0 0 0 0 0 ] 0 0 0 0
NAGA 50-5% 1975-78 0 1 0 0 0 0 0 0 0 0 0 3
HAGA 50-5%9 1979-80 0 ) 0 0 0 0 0 0 1} 0 0 0
HAGA 50-59 TOTAL 1 1 2 (] 2 i} i il 1} 0 0 7
HAGA 60+ 1950~-54 0 0 0 0 0 0 0 0 0 0 ]
HAGA 60+ 1955-58 0 1§ 1 i} 1] 0 (1] 0 0 1] 0 1
HAGA 60+ 1959-62 0 0 0 0 0 0 0 0 0 0 0
NAGA 60+ 1963-66 0 0 0 0 0 0 0 0 0 0 0 0
HAGA 60+ 1967-70 0 0 0 0 0 0 0 0 0 0 0 0
HAGA 60+ 1971-74 0 0 0 0 0 0 0 0 0 0 0 0
NAGA 60+ 1975-78 0 0 0 0 0 0 0 0 0 [} 0 0
HAGA &0+ 1979-80 0 0 0 0 0 0 0 0 0 0 0 0
NAGA 60+ TOTAL 0 0 1 0 0 0 0 0 0 0 0 1
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B. Woman-years at risk, by city, age ATB, calendar time, and kerma
W i B, EMesER, BEE RU kerma B

CITY AGE ATB TEARS NIC 0 1-9 10-1% 20-49 50-99 100- 200- 300~ &00+ UNK TOTAL

HIRQ 0-4 1950-54 3206 6742 4036 1501 1263 606 oo 128 68 77 136 18061
HIRO 0-4 1955-58 4652 6340 3795 1405 1185 568 280 120 54 72 128 18609
HIRO 0-4 1959-62 4639 6336 3792 1399 1184 565 2380 120 6% 72 128 18579
HIRQ -4 1963-66 4618 6323 3792 1396 1184 564 280 120 64 e 128 185461
HIRO 0-4 1967-70 4608 6302 3785 1395 1184 562 280 120 64 72 128 18500
HIRO 0-6 1971-74 4600 6282 3764 1391 1183 559 280 116 64 72 128 186439
HIRO 0-4 1975-78 4588 6265 3737 1380 1176 555 280 115 61 12 128 18357
HIRO 0-4 1979-80 2286 3124 1865 687 588 274 138 56 30 36 64 9148
HIRO 0-4 TOTAL 33197 47714 2B566 10554 B947 4251 2118 895 479 545 968 138234
HIRO 5=9 1950-56 2251 4379 2423 876 663 361 231 89 26 47 68 11414
HIRO 5-9 1955-58 2756 4108 2270 824 619 340 216 84 2% 44 b4 11349
HIRO 5-9 1959-62 2747 4087 2254 az22 613 340 216 84 2% 44 64 11295
HIRO 5-3 1963-66 2733 4071 2266 820 612 340 212 84 26 42 64 112438
HIROQ -3 1967-70 2721 4065 2244 817 612 340 207 a4 24 40 64 11218
HIRO B=3 1971-7¢ 2711 4049 2237 816 612 340 203 84 2% 40 64 11180
HIRQO 58 1975-78 2701 4030 2230 811 607 336 197 an 24 40 66 11120
HIRQO 5-13 1979-80 1344 2004 1112 402 300 167 98 40 12 20 32 5531
HIRO 5-9 TOTAL 19964 30793 17016 6188 4638 2564 1580 629 182 317 484 284355
HIRO 10-14 1950~-54 2334 5041 2556 1061 876 479 395 153 202 81 417 13593
HIRD 10-14 1955-58 3581 4692 2398 993 816 445 372 144 188 76 389 14094
HIRO 10-14 1959-62 3562 4655 2383 987 813 440 365 144 188 76 382 13995
HIRO 10=-14 1963-66 3551 4619 2365 979 808 435 358 144 188 76 380 13903
HIRD 10-14 1967-70 3540 4581 2354 965 803 429 367 141 187 73 380 13800
HIRD 10-14 1971-74 3517 4545 2339 957 788 428 341 140 181 68 378 13682

HIRO 10-14 1975-78 3494 4505 2323 943 771 424 337 138 178 63 368 135664
HIROD 10-14 1979-80 1740 2237 1153 468 384 2 8
HIRO 10-14 TOTAL 25319 34875 17871 7353 6057 3291 2681 1072 1398 542 2876 103335

HIRO 1515 1950~-54 3249 7716 4139 1736 1230 761 527 200 94 187 1017 20906
HIRO 15-19 1955~58 5688 7182 3925 1624 1144 715 494 181 a7 176 944 22160
HIROD 15-19 1959-62 5660 7112 3398 1610 1126 707 487 180 84 175 944 21983
HIRO 15-19 1963-66 S627 7072 3873 1601 1106 650 483 179 a4 170 936 21821
HIRO 15=19 1967-70 5567 7025 3851 1581 1092 632 479 176 &4 168 936 21661
HIRO 15-19 1971-74 5515 6980 3814 1559 1087 675 464 172 284 159 925 21434
HIRD 15-19 1975-78 5449 6903 3770 1531 1074 670 449 165 21 148 917 21157
HIRO 15-19 1979-80 2703 3425 1866 756 534 332 222 &80 40 72 654 10484
HIRO 15-19 TOTAL 39458 53415 29186 11998 8393 5232 3605 1333 638 1255 7073 161586

HIRO 20-24 1950-54 3032 6164 3577 1378 11Dd2 796 442 183 115 206 545 17540
HIRO 20-2% 1955-58 4630 5736 3335 1282 1023 7643 415 171 106 188 508 18137
HIRO 20-24 1959-62 4592 5682 3316 1268 1014 732 512 168 104 183 506 17977
HIRO 20-24 1963-66 4550 5623 3270 1255 1003 722 412 167 100 178 502 17782
HIROD 20-24 1967-70 4512 5569 3228 1234 992 T8 403 159 98 173 499 17579
HIRO 20-24 1971-74 4440 5496 3200 1218 972 708 396 152 96 164 495 17337
HIRO 20-24 1975-78 4383 5405 3153 1198 961 690 396 140 95 153 478 17052
HIROD 20-24 1979-80 2166 2663 1552 593 470 337 195 67 45 74 238 2400
HIRO 20-24 TOTAL 32305 42338 24631 9426 7537 5440 3071 1207 759 1319 3771 131804

HIRO 25-29 1950-54 2566 5215 2923 1289 973 596 309 149 &0 102 276 14456
HIRO 25-29 1955-58 3794 4860 2707 1199 902 558 283 138 56 96 254 14847
HIRO 25-29 1959-62 3748 4314 2684 1192 883 546 276 135 54 96 248 14676

67 77 129 164817
1646436

HIRO 30-34 1967-70 3838 4925 2907 1063 903 562 280
HIRO 30-34% 1971-74 3743 6833 2819 1033 878 536 271
HIRO 30-34 1975-78 3613 4669 2737 998 261 506 259 59 65 13 13540
HIRO 30-34 1979-80 1757 2255 1331 G885 424 243 126 26 30 56 6764
HIRO 30-34 TOTAL 27319 37443 22225 8119 6956 6232 2130 517 508 605 976 111030

HIRD 35-39 1950-54 2086 6125 3377 1524 1302 668 392 180 61 81 193 15589

HIROD 25-29 1963-66 3712 4767 2650 1137 870 534 269 129 49 96 235 14498
HIRO 25-29 1967-70 3669 6707 2608 1172 865 521 264 124 48 92 227 14297
HIRO 25-29 1971-74 3605 4612 2568 1141 843 507 256 121 42 &9 224 14008
HIRO 25-29 1975-78 35646 6479 2520 1111 g1 493 249 113 40 &4 222 13668
HIRO 25-29 1979-80 1744 2187 1235 548 398 242 122 54 20 42 108 6700
HIRO 25-29 TOTAL 26384 35641 19895 8839 6545 3997 2028 963 369 697 17%2 107150
HIRO 30-34 1950-54 2357 5552 3333 1206 104} 633 3zo 8z 77 98 154 14853
HIRO 30-3% 1955-58 4050 5161 3088 1124 970 588 296 76 T2 91 136 15652
HIRO 30-34 1959-62 3989 5077 304% 1112 950 586 294 7 72 &5 133 15418
HIRO 30-34 1963-66 3972 4971 2966 1093 929 578 284 g 71 83 132 15150
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HIROD 35~-39 1955-58 4519 5641 3130 1410 1207 616 359 163 55 75 163 17338
HIRO 35-39 1959-62 4443 5515 3075 1373 1183 600 349 158 50 72 157 16975
HIRD 35-39 1963-66 4343 5376 3019 1323 1149 583 341 156 47 s 152 16561
HIRD L L] 1967-70 4193 5185 2939 1277 1126 556 333 155 40 64 152 16020
HIROD 35=39 1971-74 3991 6944 2843 1229 1039 521 314 144 39 56 149 15319
HIRO 35-39 1975-78 3757 G683 2657 1143 1034 485 298 123 36 54 145 14415
HIRD 35-39 1979-80 1798 2211 1238 539 501 226 144 53 16 23 69 6818
HIRD 35-39 TOTAL 29130 39680 22278 9818 8591 4255 2530 1132 344 497 1180 119435
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WOMAN-YEARS AT RISK, BY CITY, AGE ATB, CALENDAR TIME, AND KERMA

CITY AGE ATB YEARS NIC 0 1-9 10-19 20-49 50-99 100~ 200~ 300- 400+ UNK TOTAL
HIRD 40-44 1950-54 1750 5676 2980 1373 1116 132 428 122 13 &7 11 16461
HIRO 40-44% 1955-58 4038 5161 2709 1235 1016 673 394 112 76 80 96 15590
HIRD 40=44 1959-62 3918 4959 2604 1195 982 637 384 112 76 76 92 15033
HIRO 40-44 1963-66 3755 4779 2503 1160 943 598 358 108 69 68 a4 14625
HIRD 40=4%4 1967-70 3539 4545 2353 1100 371 581 I42 99 66 67 80 13643
HIRO 40-4%4 1971-74 3288 4198 2190 1014 793 543 307 89 63 61 73 12619
HIRD 40-44 1975~-78 2941 3754 1979 909 707 GB8 279 iz 52 50 66 11297
HIRO 40=44 1979-80 1338 1701 905 412 314 212 125 34 22 22 32 5117
HIRO 40-44 TOTAL 24567 34773 18223 8398 6742 4464 2617 748 510 509 634 102185
HIRO 45-49 1950-54 1208 5068 2585 1231 1006 5315 297 115 64 94 118 12321
HIRO 45-49 1955-58 2715 4571 2344 1119 298 480 273 105 60 83 101 12754
HIRD §5-49 1959-62 2609 4367 2218 1055 849 458 254 93 &0 84 100 12147
HIRO 45-49 1963-66 2465 4147 2079 991 812 435 245 88 57 78 96 116493
HIRO §5-49 1967-70 2214 3871 1902 918 731 389 217 a0 54 64 83 10528
HIRO 45=49 1971-764 1927 3435 1724 831 630 333 130 73 41 47 73 9294
HIRO 45-49 1975-78 1658 2863 1451 666 502 287 138 57 30 36 61 7749
HIRO 45-49 1979-80 716 1189 611 269 203 120 54 22 14 16 28 3242
HIRD 45-49 TOTAL 15512 29511 14914 7080 5631 3037 1658 633 380 507 665 79528
HIRD 50-59 1950-54 1510 6390 3297 1414 1216 750 3ng 124 50 51 155 15275
HIRD 50-89 1955-58 3444 5596 2899 1253 1068 652 261 103 48 38 108 15470
HIRD 30-59% 1959-62 3096 5057 2610 1126 972 581 230 91 44 36 90 13933
HIRD 50-59 1963-66 2710 4415 2186 942 820 444 184 a7 36 34 3 11931
HIRO 50-59 1967-70 2220 3579 1777 737 680 339 137 65 24 18 61 9637
HIRD 30-59 1971-74 1645 2603 1337 559 507 268 102 48 14 15 53 7131
HIRO 50-59 1975-78 1080 1661 891 383 323 175 63 28 " 12 37 4644
HIRO 50-59 1979-80 383 533 316 120 110 64 28 7 2 3 14 1580
HIRO 50-59 TOTAL 16088 29814 15313 6534 5696 3253 1313 553 239 207 591 79601
HIRD 60+ 1950~54 1418 4177 2353 8764 758 434 145 56 25 35 97 10372
HIRO 60+ 1955-58 2407 3045 1674 629 574 297 98 40 17 20 49 8850
HIRO 60+ 1959-62 1622 2098 1157 445 415 215 59 i3 13 14 37 6108
HIRO 60+ 1963-66 989 1311 752 305 267 116 &1 23 7 -] 34 3853
HIRO 60+ 1967-70 586 790 424 171 130 72 19 9 3 4 20 2228
HIROD 60+ 1971-74 284 372 204 91 50 43 11 1 0 1 0 1057
HIRO 60+ 1975-78 119 124 &t 46 23 20 6 0 0 0 0 419
HIRO 60+ 1979-80 28 3 21 13 2 1 0 0 0 0 9

HIRO 60+ TOTAL 7453 11948 6666 2574 2219 1158 379 162 65 82 237 32983
NAGA 0-4 1950~54 1386 307 1311 206 370 281 187 111 30 79 183 6051
HAGA 0~4 1955-58 1304 760 1701 756 341 264 176 104 28 65 172 5671
HAGA 0-4 1959-62 1304 757 1694 753 340 264 176 104 28 64 172 5656
NAGA 0-4 1963-66 1293 756 1691 752 340 264 176 102 28 64 172 5638
NAGA 0-4 1967~-70 1284 754 1684 752 340 264 176 100 28 64 172 5618
NAGA 0-4 1971-74 1280 752 1677 749 333 264 176 100 28 64 170 5593
NAGA 0-4 1975-78 1278 750 1676 748 3z22 264% 176 100 28 64 168 5574
NAGA 0-4 1979-80 638 372 834 373 158 129 83 50 14 32 84 2772
NAGA 0-4 TOTAL 9767 5708 12768 5689 2544 1994 1331 771 212 496 1293 42573
HAGA 5-9 1950~-54 1578 1030 1729 684 396 323 174 9% 51 87 238 6384
NAGA =9 1955-58 1484 955 1610 643 372 294 164 88 48 76 224 5958
NAGA -9 1959-62 1478 952 1604 640 372 288 164 a4 48 76 224 5930
NAGA B=9 1963-66 1472 947 1604 636 370 288 163 B84 48 76 224 5912
HAGA 5=-9 1967-70 1456 938 1599 628 365 286 160 84 48 716 222 5862
HAGA 5=-9 1971-74 1446 929 1594 628 360 284 160 84 48 76 220 5829
HAGA B=4 1975-78 1436 927 1584 625 360 284 160 83 48 76 220 5803
HAGA 5~9 1979-80 718 460 789 312 180 142 80 40 24 38 110 2893
HAGA 5-9 TOTAL 11068 7138 12113 4796 2775 2189 1225 641 363 581 1682 44571
HAGA 10-14 1950-564 1741 1203 2142 778 457 383 530 264 67 85 239 7889
NAGA 10-14 1955-58 1621 1119 1982 726 425 350 492 247 60 80 223 7335
HAGA 10-14 1959-62 1620 1109 1967 726 422 360 48% 294% 60 80 220 7290
NAGA 10-14 1963-66 1620 1103 1955 719 417 360 476 244 60 80 220 7254
HAGA 10-14 1967-70 1618 1096 1941 713 412 352 474 236 60 76 220 7198
HAGA 10-14 1971-74 1615 1091 1918 710 410 344 470 232 60 76 220 T146
HAGA 10-14 1975-78 1605 1083 1895 703 404 341 465 225 60 76 217 707%
HAGA 10-14 1979-20 796 538 941 347 200 170 229 112 28 38 108 3507
HAGA 10-14 TOTAL 12236 8342 14741 5620 3147 2670 3620 1304 455 591 1667 56693
NAGA 15-19 1950-54 2452 1718 2328 501 410 685 907 4997 132 17 459 10206
HAGA 15-19 1955~-58 2284 1601 2173 460 381 538 351 461 124 108 421 9502
HAGA 15-19 1959-62 2257 1583 2151 460 376 636 344 454% 124 108 420 9613
HAGA 15-19 1963-66 2240 1571 2140 460 373 636 834 445 124 108 420 9351
NAGA 15-19 1967-70 2225 1553 2124 460 I72 636 a21 437 1249 104 420 9276
NAGA 15-19 1971-74 2207 1537 2098 458 371 633 an 435 121 104 414 9189
HAGA 15=19 1975-78 2191 1518 2073 652 368 629 796 427 1t 103 412 9080
HAGA 15=-19 1979-80 1094 753 1030 223 183 313 386 209 se 48 206 497
NAGA 15-19 TOTAL 16950 11834 16117 3474 2834 4806 6250 33565 912 800 3172 70514
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WOMAN-YEARS AT RISK, BY CITY, AGE ATB. CALENDAR TIME, AND KERMA
CITY AGE ATB YEARS NIC 0 1-9 10-19 20-49 50-99 100- 200- 300- 600+

HAGA 20-2¢ 1950~54 1695 908 1651 592 315 315 451 261 102 120
NAGA 20-24 1955-58 1579 845 1537 460 285 296 423 224 96 106
NAGA 20-24 1959-62 1566 235 1523 457 278 296 419 226 96 104
NAGA 20-24 1963-66 1561 829 1494 453 272 293 412 220 96 96
NAGA 20-24 1967-70 1543 824 1478 447 272 283 402 220 96 a9
HAGA 20-24 1971-764 1529 806 1451 443 272 276 3588 219 96 28
NAGA 20-24 1975-78 1513 789 1419 438 272 272 384 213 96 88
NAGA 20-24 1979-80 749 390 698 213 136 136 192 101 48 42
NAGA 20-249 TOTAL 11740 6226 11251 3403 2102 2167 3071 1662 726 733

NAGA 25-29 1950-54 1033 597 1237 398 276 221 188 92 63 51
NAGA 25-29 1955-58 958 556 1146 370 259 206 176 24 56 46
NAGA 25-29 1959-62 942 546 1128 365 256« 197 176 84 56 44
HAGA 25-29 1963-66 921 538 1105 362 255 185 175 83 56 44
NAGA 25-29 196770 896 525 1082 356 252 176 172 a0 53 44
NAGA 25-29 1971-74 8717 513 1068 348 249 169 166 &0 48 45
NAGA 25-29 1975-78 350 494 1047 342 247 160 155 17 47 44
NAGA 25-29 1975-80 417 246 516 169 118 78 76 36 22 22
HAGA 25-29 TOTAL 6894 6013 8329 2710 1912 1392 1284 616 401 339

HAGA 30-34 1950-54 1012 57% 1137 469 284 263 128 59 21 &0
HAGA 30-34 1955-58 936 537 1043 4
HAGA 30-34 1959-62 923 525 1023 4
HAGA 30-34 1963-66 900 512 10014 4
NAGA 30-34 1967-70 877 489 983 3
HAGA 30-34 1971-74 856 465 961 3
3
0
4
4

HAGA 30-34 1975-78 824 439 921 229 219 52 16 44
HAGA 30-3¢ 1979-80 397 210 446 110 102 54 26 -] 22
HAGA 30-34 TOTAL 6725 3756 7515 3 1853 1771 858 397 141 362
HAGA 35-39 1950-54 913 550 1157 5 286 191 132 91 51 64
NAGA 35-19 1955-58 842 504 1057 0 263 180 120 84 47 60
HAGA 35-39 1959-62 207 495 1016 G431 254 176 116 &80 44 60
HAGA 35=-39 1963-656 780 479 369 402 252 175 109 76 G4 60
HAGA 35-39 1967-70 762 466G 20 381 245 168 1046 72 G4 59
NAGA 35-39 1971-74 706 451 891 359 226 160 100 71 37 49
HAGA 35-39 1975-78 66% 428 845 338 221 152 98 62 35 48
HAGA 35-39 1979-80 309 202 402 158 104 76 44 30 14 24

NAGA 35-39 TOTAL 5768 3573 7257 2984 1849 1278 823 566 316 4249

NAGA 40-64 1950-54 778 514 1115 583 251 189 129 77 26 34
NAGA 40-44 1955-58 715 470 1014 343 226 171 1 70 24 31
NAGA 40-44 1959-62 692 456 966 323 210 165 108 64 24 28
HAGA 40-64 1963-66 647 442 912 319 202 160 106 60 24 28
HAGA 40~44 1967-70 599 410 838 299 189 147 104 57 23 28
HAGA 40=44 1971-74 558 375 765 281 176 128 103 53 20 24
NAGA 40-44 1975-78 504 333 663 257 162 120 a7 45 20 24
NAGA 40-44 1979~-80 222 158 293 116 70 50 38 19 5 12
NAGA 40-44 TOTAL 4715 3158 6566 2326 1486 1130 786 L 131 169 209

NAGA 45-49 1950~-54 666 417 1175 416 202 121 159 64 21 49
NAGA 45-49 1955-5§ 609 371 1049 169 179 112 138 60 20 41
NAGA 45-49 1959-62 572 355 967 339 167 111 131 57 16 40
NAGA 45-49 1963-66 531 338 898 310 162 104 122 52 12 40
NAGA 45-49 196770 481 319 835 271 145 102 113 48 12 40
NAGA 45-49 1971=74 403 295 739 232 127 77 100 41 12 35
NAGA 45-49 1975-78 329 236 590 190 100 55 80 36 10 24
HAGA 45-649 1979-80 132 100 244 67 40 17 30 14 4 6
NAGA 45-49 TOTAL 3723 2429 6497 219% 1122 699 873 172 107 275
HAGA 50-59 1950~-54 792 468 1317 519 225 183 154 55 34 30
NAGA 50-59 1955-58 678 382 1125 445 185 162 127 48 29 26
HAGA 50-59 1959-62 592 336 1004 393 163 154 107 4% 26 19
NAGA 50-59 1963-66 692 293 262 332 112 161 93 41 21 16
NAGA 50-59 1967-70 373 249 693 266 78 122 70 30 16 14
NAGA 50-59 1971-74 243 181 434 186 48 92 50 23 10 g
NAGA 50-59 1975-78 163 94 312 114 26 45 37 11 8 8
NAGA 50-59 1979-80 52 26 108 29 5 17 12 2 2 3
NAGA 50-59 TOTAL 3385 2029 5905 2284 842 916 650 254 146 124
HAGA 60+ 1950~54 516 300 722 308 152 136 63 45 5 1
HAGA b0+ 1955-58 363 181 485 225 87 95 37 32 % )
HAGA 60+ 1959=-62 201 113 297 154 47 64 21 22 4 3
NAGA 60+ 1963~66 111 61 153 93 26 32 9 12 4 0
HAGA 60+ 1967-70 64 35 76 316 9 10 0 7 4 0
HAGA 60+ 1971-74 32 17 40 9 1 0 0 1 2 0
NAGA 60+ 1975-78 10 4 15 1 0 0 0 0 0 0
HAGA 60+ 1979-80 2 2 3 0 0 0 0 0 0 Q
HAGA 60+ TOTAL 1279 713 a9 831 320 337 130 119 23 19
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