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SUMMARY

For the period 1950-74, 360 cases of malignant
breast tumors have been identified among the
63,000 females of the RERF extended Life Span
Study sample. Two-thirds of these cases were
classified as ‘definite’ breast cancer based on
microscopic review of slides by the senior author
and others.

The number of cases of breast cancer produced
by ionizing radiation appears to be a linear
function of radiation dose for tissue doses
below 200 rad. For women under age 40 at the
time of the bomb (ATB), the excess risk is
estimated to be 4 cases per million women
exposed per year per rad. Women irradiated in
their forties show no dose effect. Exposure
beyond 50 years of age may induce carcinomas
at the same rate as for younger women. The
greatest risk (5.5). relative to the 0 rad group
occurred among the women aged 10-19 ATB
who received at least 100 rad. The greatest
absolute risks were experienced by women aged
30-39 ATB who received at least 200 rad:
1,892 cases per million women per year. Women
40 or older ATB who received at least 100 rad
have produced no new cases since 1961. The
last case among women 30-39 ATB occurred in
1970. Incidence among women under 30 at
exposure is still increasing. Among all women
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who received at least 10 rad, the women exposed
before age 20 will experience the highest rates
of breast cancer throughout their lifetimes. The
data suggest but do not confirm that irradiation
prior to menarche confers a greater risk than
when exposure follows this event. Radiation
does not appear to reduce the latent period
for the development of breast cancer, but only
increases the incidence. The minimal latent
period may be as long as 15-19 years. The
distribution of histological types of malignancies
does not vary significantly with radiation dose.
A very limited amount of data on: 1) radiation
dose and age ATB, and 2) other established risk
factors for breast cancer (parity, age at marriage,
number of live births, age at first birth, ages at
menarche and menopause, and amount of breast
feeding) does not indicate that the above findings
have been biased by a significant interaction
between 1) and 2).

INTRODUCTION

The carcinogenic effect of ionizing radiation on
female breast tissue has been well documented,
from earlier studies of atomic bomb survivors,
from follow-up studies of women given X-ray
treatment for acute postpartum mastitis, and
from those exposed to repeated fluoroscopic
examinations during pneumothorax treatment of
pulmonary tuberculosis.'™® Boice and Monson’
provide an extensive and thorough review of the
subject. McGregor et al® reported the effect as
a function of dose, age at exposure, type of
radiation (neutron vs gamma), and time elapsed
after exposure. Their study was based on 231
cases of breast cancer among 63,000 female
A-bomb survivors and controls in Hiroshima and
Nagasaki during 1950-69. An identifiable effect
was found within 10 years of exposure but no
variation with dose was detected for the interval
from October 1950 to diagnosis, nor was there
evidence of an earlier development of breast
cancer as a result of radiation exposure. Signifi-
cantly, women aged 10-19 ATB in the high and
medium dose ranges were observed to have the
highest absolute and relative risk, which suggests
that breast tissue of women in this decade of life
may be at maximum sensitivity to the carcino-
genic effect of ionizing radiation. The response
curves for the two cities seem to indicate that
neutron and gamma radiation are approximately
equivalent in carcinogenic effect on breast tissue
and that this effect is consistent with a linear
model.
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The present study is the third in a series beginning
with Wanebo et al,’ and followed by McGregor
et al.> The 360 cases reported here represent an
independent ascertainment and review of case
material excluding 11 of the cases reported by
McGregor and an additional 140 cases, 40 of

which are known to have occurred during 1950-69,

The additional 5 vyears of observation have
increased the total number of cases sufficiently
to strengthen the earlier findings of McGregor
et al with regard to linearity of response and
influence of early exposure. It also provides
improved life-table estimates of cumulative
risk by age at exposure and radiation dose
category, affords a tentative evaluation of the
relative risk of exposure in relation to average age
at menarche and average age at menopause in
Japan, and makes possible a test of the inde-
pendence of minimal latent period and radiation
dose.

MATERIALS AND METHODS

This study of 63,300 women in the RERF
extended Life Span Study (LSS) sample includes
all women within 2500 m from the hypocenter
in both Hiroshima and Nagasaki, 15,400 women
who migrated or returned to these cities after
August 1945, and an age-matched sample of
those between 2500 and 10,000 m from the
hypocenter. A more detailed description of the
LSS sample is given by Beebe et al.® A total
of 360 women diagnosed with malignant carci-
noma of the breast was identified for the period
1 October 1950 to 31 December 1974 (291 in
Hiroshima and 69 in Nagasaki).

The ascertainment of case material was a broad
and thorough effort which included a recanvassing
of community institutions in both cities as well
as a review of records at RERF., Material was
collected by the senior author from the series of
indexed cases in the RERF autopsy program,
the RERF collection of surgical specimens, the
Tissue and Tumor Registries of each city, the
records of the medical schools of Hiroshima and
Nagasaki Universities, and other hospitals in both
cities. The Japanese system of family registration
(Koseki) enables RERF to conduct a systematic
mortality follow-up on all members of the LSS
sample. All death certificates during 1950-74
with breast cancer listed as either the underlying
cause, a complication,or a contributing condition
were included in the initial ascertainment. Each
identified case was then checked againsi the
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RERF Master File of LSS members. Clinical and
pathological data, including histological sections,
were sought for all cases so verified and, when
available, tumor size, location, metastasis, extent
of the primary tumor, history of other benign
breast disease, malignancy of other organs,
method of therapy, and marital and childbearing
history were recorded. Each case was assigned
a diagnostic certainty rating on a 1-4 scale as
follows: 1) death certificate diagnosis only,
2) clinical diagnosis only, 3) diagnosis of malig-
nancy made by another pathologist on the basis
of histologic material no longer available to the
principal investigators (probable), and 4) diagnosis
of malignancy based on microscopic review by
the principal investigators (definite). Of the 360
cases, 232 (64%) were Grade 4, 72 (20%) were
Grade 3, 30 (9%) were Grade 2, and 26 (7%)
were Grade 1. Histologic data included the
diagnosed type of malignancy (AFIP* and Japan
Breast Cancer Research Society classification
system), the histologic grade of the primary
tumor (tubule formation, nuclear morphology,
mitotic figures), and the extent of lymphocytic
infiltration, fibrosis, and necrosis.

Some information on other reported risk factors
(age at marriage, age at first birth, age at
menarche, and amount of breast feeding) is
available for this series from two sources: 1) data
collected in past mail surveys of the A-bomb
survivors, and 2) data recorded from hospital
or clinic records at the time of case ascertainment.
The joint effect of these factors and radiation on
the risk of cancer of the breast is described in
Appendix 1.

Results reported here have been expressed
generally in terms of radiation dose to breast
tissue as estimated from factors provided by the
Oak Ridge National Laboratory.’ These
estimates are the sum of two components: 1) the
neutron dose, estimated as 55% of the T65
neutron dose (tissue kerma**in air), and 2) the
gamma dose, estimated as 80% of the T65
gamma component plus 5% of the T65 neutron
dose.’? The estimated radiation dose is available
for all but 9 of the 288 cases in city ATB.
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**Kerma is defined as the kinetic energy of ionizing radiation released in material and is measured in rad, a unit

defined as 100 ergs per gram of matter.
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In order to insure that case ascertainment was
unbiased with respect to exposure, breast cancer
fatalities have been compared with living cases
in relation to radiation dose, city, and calendar
year period of diagnosis or death. A check was
also made of the variation of diagnostic certainty
with age at exposure, radiation dose, and time of
diagnosis.  The results of these preliminary
analyses, all of which were negative, are presented
in Appendix 2.

The BEIR and UNSCEAR reports''? as well as
that of McGregor et al® express risks for radiation
induced breast cancer in terms of the estimated
number of cases per million person-years per rad
(10°PYR) dose. This approach involves two
assumptions: 1) the method of estimating
incidence rates by computing the ratio of cases
to the corresponding number of person vears at
risk is free of any serious bias which might arise
from competing risks represented by mortality
from other causes, and 2) a linear relationship
exists between the average radiation dose
received by any given age cohort of women and
the subsequent incidence rate of breast cancer
among its members. The first assumption is
correct in that it leads to an unbiased estimate of
the probability of breast cancer per unit of time
in a mathematical model that includes death
from all causes as a competing risk, provided that
the Poisson distribution is a valid ‘description of
the number of cases of breast cancer which occur
per unit of time per million women.'*> The
second assumption is an important issue addressed
in this study. Since the findings support a linear
dose response relationship at exposures below
200 rad, for each city, and for each age ATB
cohort, most of the age-specific results are
presented as cases per 10°PYR.

A natural question arising from these data is
whether there is a reasonably simple relationship
between breast cancer rates over a 24-year period,
age alt exposure, and amount of radiation
received. If so, this is an important finding. If
not, the particular manner in which the obser-
vations depart from those predicted by a model
which assumes this relationship may still yield
valuable insight concerning radiation carcino-
genesis as a function of these two factors. For
this reason, a set of ‘fitted’ values obtained using
a log-linear model is included. The details of
the method used are described by Bishop et al,'3
and briefly summarized in Appendix 3.
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RESULTS

Age at Exposure, Radiation Dose, Age at Risk,
and Calendar Time

The distribution of cases by age ATB and
radiation dose to the breast for the combined
cities is shown in Table 1, along with the number
of women alive at the start of follow-up, person-
years at risk, and estimated rates for the entire
period (1 October 1950 - 31 December 1974).
In addition, the fitted value for cases in each cell,
obtained from a log-linear model described in
Appendix 3, are included. For fixed age, this
model essentially assumes that the logarithm of
the probability of breast cancer during the study
period is a linear function of radiation dose,

Among women under 10 years ATB, the oldest
would be 38 at the end of the follow-up period,
just entering the age of significant risk for breast
cancer for Japanese women. The five cases
among the women of this age cohort do not
yel produce a significant dose response. The
radiation effect is clearly present for the age
ATB groups 10-19, 20-29, and 30-39. Signifi-
cance tests of those exposed to 100+ rad vs those
under 10rad produce P values less than .05,
Women in their forties ATB who received more
than 50rad to the breast show a peculiar deficit.
Only two cases were found, where, according to
the fitted estimates, 9.8 were expected, This
discrepancy has a P value of .003 for a Poisson
distribution with a mean of 9.8, a value not
sufficiently small to disregard chance when
testing a hypothesis formulated a posteriori.'?

Nevertheless, this discrepancy between observed
and expected cases emphasizes the value of using
a fitted model to attempt a more parsimonious
description of the data. Examination of the
sign (+ or —) and magnitude of the residuals,
or differences between obhserved and expected
cases, often proves more valuable than simply
observing whether or not the proposed model fits
the observations. In this instance, by inspection
of the single degree of freedom chi-square
values for each cell, the three largest residuals
are found to occur in the 4049 age ATB group.
The chi-squares are 3.14 for the 200+ rad group,
2.02 for the 100-199 rad group, and 2.31 for the
not-in-city ATB (NIC) group. Consequently, our
model fails to describe adequately the incidence
of breast cancer as a function of age at exposure
and radiation dose only for women aged 40-49
ATB. For women 50 or older ATB, the radiation
effect is apparently operating, since those
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TABLE 1 CASES, PERSON-YEARS AT RISK, WOMEN ALIVE 1 OCTOBER 1950, INCIDENCE RATE,

RELATIVE RISK, & FITTED VALUE BY AGE ATB & ESTIMATED TISSUE DOSE, CITIES COMBINED

#1 OGEMH, BENTE, 1950F10H 1 OB AEEFO MG, RER, MOfEE sLU4T
(F e fiels JEIRIE MG & & OV E AR R, A A A

Breast Tissue Dose in Rad

Age Class Total
ATB NIC 0 1-9 10-49 50-99 100-199 200+  Unk.
0-9 Cases 1 2 1 0 1 0 0 0 5
PY: 58053 92913 41941 31957 6642 4292 3145 3483 242426
Persons 2513 3859 1749 1334 278 179 134 144 10190
Rate 17 22 24 0 151 0 0 0 21
RR 0.8 1.0 1.1 - 6.9 - - -
Y 1.08 1.78 0.80 0.69 0.18 0.24 0.23
10-19 Cases 14 17 8 11 7 8 9 5 79
PY 72863 107879 48592 35258 12161 12221 7358 12643 308975
Persons 3229 4563 2057 1485 511 518 316 536 13215
Rate 192 158 165 312 576 655 1223 396 256
RR 1.2 1.0 1.0 2.0 3.6 4.2 7.7 2.5
Y 15.08 22.90 10.27 8.50 3.75 7.57 5.94
20-29 Cases 16 28 11 10 5 6 6 4 86
PY 62947 91817 41629 30548 9378 7292 5892 6813 256316
Persons 2802 3908 1779 1301 401 312 258 292 11053
Rate 254 305 264 372 533 823 1018 587 336
RR 1.2 1.0 0.9 1.1 1.8 2.7 3.3 1.9
Y 17.55 26.27 11.85 9.93 3.90 6.09 6.41
30-39 Cases 17 32 13 8 1 6 6 0 83
PY 56414 87868 37659 32371 7372 4352 3171 2696 231903
Persons 2638 3833 1662 1416 324 194 144 130 10341
Rate 301 364 345 247 136 1379 1892 0 358
RR 0.8 1.0 1.0 0.7 0.4 3.8 5.2 -
¥ 18.07 28.88 12.32 12.08 3.52 4.17 3.96
4049 Cases 17 21 12 10 1 1 0 0 62
PY 41354 75440 32219 27198 6746 4402 2830 2046 192235
Persons 2106 3534 1531 1294 313 208 134 109 9229
Rate 411 278 372 368 148 227 0 0 322
RR 1.5 1.0 13 1.3 0.5 0.8 - -
Y 11.78 22.05 9.37 9.03 2.87 3.75 3.14
50+ Cases 7 19 7 8 1 3 0 0 45
PY 27585 54605 23674 19000 3903 2382 1112 1250 133511
Persons 2088 3651 1593 1266 279 160 84 114 9235
Rate 254 348 296 421 256 1259 0 0 337
RR 0.7 1.0 0.8 1.2 0.7 3.6 - -
Y 8.43 17.13 7.39 6.77 1.78 2.18 1.32
Total Cases 72 119 52 47 16 24 21 9 360
PY 319216 510522 225714 176332 46202 34941 23508 28931 1365366
Persons 15376 23348 10371 8096 2106 1571 1070 1325 63263
Rate 226 233 230 266 346 687 893 311 264
RR 1.1 1.0 1.0 1l 1.5 3.0 3.8 1.3
Cases :Incidence cases of breast cancer, 1 October 1950 - 31 December 1974
19504E10H 1 0 — 1974 45 12 H 3Lt 42 45 0f & L8 0 58 L 100 81
PY :Person-years at risk #% A F
Persons :Women alive as of 1 October 1950 19504210 H 1 118478 % (7 & 4ol 2
Rate :Incidence rate : cases per million women per year &4 5 HE# B A PE100 5 A I
ER :Risk of breast cancer relative to 0 rad 0 rad (2 37 & FL#5 o) g [ e
Y :Fitted value for number of cases (see Appendix 3) fEF MY 5 5 TEOM (fHeR3 21)
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exposed to 100rad or more experienced an
incidence rate of 859 cases per million person-
years (10°PY) as compared to 348 for those with
an estimated dose of Orad. However, the three
cases in the 100-199 rad group were insufficient
to produce a P value less than .05 when the 0-9 rad
vs 100+ rad comparison was made. An additional
case in either cell would have produced signifi-
cance,

Another feature of Table 1 is the absence of a
radiation effect in the 50-99 rad range for
women over 30 ATB. The data suggest that not
only are women exposed at early ages at greater
risk for doses beyond 50 rad but that they are
also more sensitive to the carcinogenic effect of
radiation at lower dose levels. The total size of
the series, however, is not sufficiently large to
confirm the latter conjecture. Figure 1 shows
the incidence rates produced by the fitted values
of the log-linear model from Table 1. The 4049
age ATB cohort has been omitted, since it is
clear that for these women the actual rates
depart significantly from these estimates. Figure
| indicates the way in which incidence rates for
each age ATB cohort behaved with radiation
level and show that the cohorts aged 10-19,
20-29, and 30-39 ATB experienced successively
greater overall incidence rates. This is a natural
consequence of the fact that women who are
older at exposure are already at, or sooner reach,
ages of preater risk and thus are subject to
increased breast cancer incidence for the same
period of follow-up. This effect operates up to
ages 30-39 ATB. Women irradiated in their
forties, as noted, exhibit no radiation effect.
A large proportion of women 50 or older ATB
did not survive the 29-year period from 1945 to
1974 and this limitation in time at risk is reflected
in the lower overall incidence rates.

Since the distribution of person years at risk by
age ATB is very nearly the same for each of the
three exposure groups, NIC, 0 rad, and 1-9 rad,
the unadjusted total incidence rates are
comparable, It is interesting to note that these
three samples numbering 15,000, 23,000, and
10,000 women respectively in 1950, followed
for a period of 24 years, experienced virtually
identical risks for breast cancer.

Linearity of the dose response effect was
examined by fitting a weighted least squares
linear regression line for each of the age ATB
classifications (10-19, 20-29, 30-39, 4049, and

WA O rad THEFEORESRIR, 106 AEH LY
MBI THEZDIZH L, 100rad L) - HIEL 750
FHREHHTHE DT, BBHEOEEEERL
TwakLilclbha, LArL, 0—9 rad & 100+
rad OLEE T2 25 &, 100 — 199 rad BELC & (4
30k, ko PEzLAST R+ 5T
ol WTFRAOFCE I LEMsENIE, T8N

FiFoia.

FllHTsb 3 —o0MdE, BEE0&L T
H oL ET0—99 rad DET LA HREIAD
ENHEVZTETHED, BEI2LhE, FEroHEBL
Fo A 1350 rad L b @2 B 1D R O fEBE R A 3
N d, EMETLEEDRCHL L0 E2EN
HEZEpmEENTVSE. LaL, MERORE
i, BEOERIEATESEY I AkEVELED
Tl iy, K1, R1OMBFEFLCHS
BTROEICESTHRSNABER ST+, E
UEA0— 495 @ L 1ERET, 2 D EFEOH A Z 5 D
EMA2 S HEICEA T SO TERNL . E 111,
HIEREERE 2 — OB EE A e s
Ok IIZEML A, £, RIEL0—195, 20—
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Al R LA EERLT VS, S, #
BRI SR T & - 2D T OIS fE R O 0 RS
& sh, bovidEdb o cEdTanT, LB
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DFRTH D, Z OB IS B30 -39 £ T
Ao a. o L < 4088 THE L A LRz,
HAtipoRB RO g oo . FHEEIES0E L |-
Th LD ks, 194584 519ME: 0
9EME L 20 s Y, ZOMENIE OS5
SEOETIEMENLTVA.

T Ed A8, Orad, HEU1—9 rad
HOZo0&HRTET I, FARIEEM O BL% A E
DHWFTELALRBEDT, RITIEHRELL L
LTvid, 19504E 8 7 12 % f1 #4115, 000 A, 23,0004,
B ET0,000 A THEnE S h A =20 L PR A, 2495
HOBBHMEICL-T, BEALYR—-OALHEHKE
AR L AT B BUE R,

Jo MR AR R (10—194, 20—295E, 30—39i, 40—
W LUNEL L)OFRFRIZo0T, HE#
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FIGURE 1 BREAST CANCER INCIDENCE RATES BASED ON FITTED VALUES BY AGE ATB
(40-49 AGE GROUP OMITTED)
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50+). Seven dose classes were used: NIC+0 rad,
1-3, 49, 10-19, 20-49, 50-99, and 100-199 rad.
Average doses corresponding to each specific
age ATB dose class were obtained from all
women in the LSS sample for use in the regression
estimates. Table 2 summarizes the results and
gives the intercept and slope of each regression
line. The region below 200 rad was selected
because the dose response relation is linear at this
level (Figure 1) and because primary interest
centers on the estimation of excess risk at tissue
doses less than 50 rad, the region in which most
diagnostic exposures fall. This exclusion is
intended to increase the precision of the estimates
of the low dose carcinogenic effect. For the first
29 wyears after exposure, the three age ATB
cohorts of women under 40 ATB have the same
estimated gradient in risk. The 40-49 age ATB
cohort shows a slightly negative slope, indicating
that perhaps women exposed during this time of
life may somehow be resistant to a carcinogenic
effect. The departure is in line with our previous
discussion of the notable deficit of cases among
these women highlighted by the fitted model. A
significance test of the hypothesis that the true
slopes (true increase in risks) of all five age ATB

e W, S EEL T, iRz utdha bt
fl+0radffl, 1—3, 4—9, 10—19, 20— 49,
50—99, & LU100 —19rad D 7T LHEEH VA
A A EM PO L2 20T, BUEREO &S
ME R T 5 P 2 sk T, kR
2wz, 2k, SR0ERTHRY), GHhlkio
iy eBfiEnLAboTsd s, 200 rad Rio i
Wat®d: LTRELLZOE, ZOHRGETIEE
R IGMED S 2L (BL), EEA OB
OB A0 rad RSO MR TEI DT
OFROBIREOHEFDLEETHLLLTHS.
RO BGER RN 2l EOME o 5 -
WIZZ DN E T #EIREORMO2GER T,
It FEREA0RE A5 00 e PE ) = 2 O [T SR IE LR A B8 10 v 13
ARMEODROMEEBITE L TH - /2. BEENEE
M0 — 9T TIE, LPROQORAFAN DA, 2
ik, H5VEZOFERTHEE L 2R xRE
Rimn+sEiA»sa0rt LAt Eseat.
BIZBNERTULEFLTCRIALSO LRIz H 1
AFLVLHIETRATERLY, ZORIBZIOY
E—HT AL OTH . 12O RO
MOTANTILEF 2 EROUR (REBEIZEIT 5%
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TABLE 2 ESTIMATED INCREASE IN RISK FOR BREAST CANCER
BETWEEN 5 & 29 YEARS FOLLOWING EXPOSURE BY AGE
AT EXPOSURE, CITIES COMBINED
F22 WEMRIRS —29f I &1 A LI O G PR EE O 9 Ao E 1
ORISR, o &t

Increase Standard
Age ATB Intercept in risk atir
10-19 177 3.96 +1.42
20-29 272 3.95 +1.96
30-39 307 3.92 +2.77
4049 342 -1.22 £1.39
50+ 303 4.87 +3.71
Total (including 0-9) 223 2.88 £0.79

Estimates obtained from a weighted least squares linear regression applied to the
group mean radiation dose, over all study sample numbers, of the seven dose
groups: NIC+0, 1-3, 4-9, 10-19, 2049, 50-99, and 100-199 rad.

miMizeErakdE+0rad, 1—-3,

4—9, 10—19, 20—43, 50— £ F 100 —

199 rad @ 7 FBILEED 4T R & £ LVI2 50 5 B K MG B 0k, TR 2 e 40 R () it &

o LT E

Intercept: Incidence rate for nonexposed women, estimated number of

cases per 10PY.

TR Lz SRR, 100 AR S 2 0 e R B
Increase in Risk: Slope of the regression line, estimated number of additional

cases per 10°PYR.

OB RS 108 A rad & A 0 o4 8 810 8

regression lines are equal produced a P value less
than .001. The estimated excess risk of 4.87
cases per 10°PYR for women 50 and older ATB
is somewhat larger than that for women less
than 40 at exposure, but the standard error of
this estimate is 3.7 and the estimate would drop
to 3.78 if one of the three cases in the 100-199 rad
group was in the 50-99 rad group. Consequently,
the question of risk for postmenopausal exposure
remains unresolved. These estimated regression
lines for dose response by age at exposure are
shown in Figure 2.

Perhaps the clearest picuture of the risk of breast
cancer related to age ATB, radiation dose, and
calendar year of follow-up is afforded by the
graphs of estimated cumulative risk which show
how the cumulative probability of breast cancer
among women in each dose-age ATB category
changes over time (Figure 3). For women who
received 100 rad or more at ages 10-29 ATB,
the risk was still increasing as of 1974, the last
year of observation. For the same dose group,
the risk for women aged 30-39 ATB had reached
a plateau in 1970, no new cases having appeared
thereafter., Women aged 4049 ATB have

10
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T CHEE fE i AR, HRIE0 R Ch A Lk LD
b shrmund, ToOMEKOEIEME 3.7 T
A, F7100— 199 vad Tt 3 W ho 1 {5 #50—
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AR BEAL L ThRERTHE. 4218,
RIS R MG O F o B 2 B & 2 A & o )
BWERLAELOTH S.

g 6 MHEREE R, MOTARAt, P X ORERLERNY
DEFLEIEOBME-OMFERLHAIZTE§
HMERHfGER R T IZ72CH 5. 2L,
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RIFEEIF L L CEHT 222 R T (R3], B
WIE10—29E 7 10 rvad Ll LR F &Iz T
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FIGURE 2 BREAST CANCER INCIDENCE RATES: ESTIMATED LINEAR REGRESSION LINES
FOR RADIATION DOSES LESS THAN 200 RAD, BY AGE ATB
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produced no new cases since 1958, and those 50
or older ATB reached maximum risk in 1961. Of
those exposed to 10-100 rad, only the 10-19 age
ATB cohort shows an appreciable elevation in
risk above the level of the low dose and
nonexposed groups. As of 31 December 1974,
the maximum cumulative probabilities of breast
cancer for women aged 10-19, 20-29, and 30-39
ATB who received 100 or more rad are 0.021,
0.023, and 0.037 respectively. Follow-up of the
two younger cohorts will reveal whether their
ultimate cumulative risk exceeds that of the
women exposed in their thirties,

The mean time to diagnosis of breast cancer for
women in each dose class for all five age ATB
cohorts has been calculated (Table 3). It is clear
that women whose breasts were irradiated did
not develop mammary tumors earlier than their
controls.

McGregor et al®> found evidence for a latent
period of less than 10 years. They estimated, for
the period 1950-54, a relative risk of 4.0 (P<<.01)
for the comparison of rates for women who
received a T65 total dose of 100 rad or more

11

150

W e Te o4, REBES0RELL Lo H1£1961 4
ICide KofEEEIZEL Twvwa. 10— 100 rad @ fi
WL 2E0 9 b, KRS LU IERS
MOl 6rBAAMRBEFBben 01,
[FREER 10— 19k OB O L TH 5. 19745E12H31A
BAE, BUREEERG10—19, 20—29, 20—394 7 100 rad
L) b 23 7 ket B0t 5 FLe o A ok B R RE 32 02,
Fh#F1n0.021, 0023, HLUO0WW THE. =2
DEF IS5~ 2R T, Hasid Bl
MR THEBL 2o T hEdBL a0 83

w5 WO R - I

HoOEBRIFERBIC T3 &aRBD LEIZon
T, MBI E COFHEM AT STHESE AT L
S(£3). IUFICHESMREMEBL - L2810 350
BIEEORRA, HEBEOBEGLILE 201
ZEEMHE L TH S,

MeGregor & 2 13, #BHEMMANERETES DL
PA0nAL A S, 1950—548 ORIz 0nT,
100 rad 1) & TE5 #4403k & F1H ik 3 & 10 rad
FMIIEBLAFORLEORBUIZLD, HAMREE
Fx2 40P <.01)EHELLE. ZO—#EORFEIZ



RERF TR 17-77
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FIGURE 3 CUMULATIVE RISK OF BREAST CANCER BY AGE ATB, RADIATION DOSE,
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TABLE 3 ESTIMATES OF THE MEAN TIME IN YEARS FROM BEGINNING OF
FOLLOW-UP (1 OCTOBER 1950) TO DIAGNOSIS OF BREAST CANCER,

CITIES COMBINED
3 FRBEOMEE (19505100 1) 5 LR st THEHO

HedE i, & At

Breast Tissue Dose in Rad
Age ATB NIC
0-9 10-99 100+

10-19 17.1£1.6 19.9%0.6 16.3%0.9 18.8£1.0
20-29 15.8+1.3 16.0%0.9 16.7£1.1 15.7£1.8
30-39 15.7%1.6 12.6%1.0 12.4%2.1 14.7£1.3
40-49 13.9+1.4 10.241.2 8.8%2.0 8.0*
50+ 12.542.8 11.4%1.2 10.7£2.1 B.0+2.1

*Only one case observed - No standard error possible
MEshtO oS, Bl sE: onyo,

versus those who received less than 10 rad. Using
the same approach with the present series and
comparing the rates for the 100+ rad group
(tissue dose) to that for the Orad group, a relative
risk of 2.6 was obtained for the period 1960-64
(P<<.05). No earlier period showed a relative risk
significantly greater than one (P<.05). This
indicates a latent period as great as 15-19 years.
The discrepancy arises from the exclusion by the
senior author of a number of cases for the
1950-54 period which appeared in the McGregor
series.

An analysis of breast cancer incidence by age at
risk for these data requires cross classification
with age ATB (Table 4). From the total age ATB
marginal rates, it is seen that for both high and
low exposure groups, women in their forties are
at maximum risk for breast cancer; the rates
are 663 and 390 cases per 10°PY respectively.
The age interval for these maxima is in agreement
with those observed in Miyagi and Okayama
prefectures in the middle 1960’s.'® As indicated
by the life-table cumulative probabilities of
Figure 3, women irradiated in their teens and
twenties show the highest subsequent rates for
breast cancer (Table 4B). Women aged 4049
who were 10-19 ATB have twice the incidence
they experienced in their thirties. Women aged
40-49 who were 20-29 ATB have three times the
incidence of their thirties, and over four times
this rate in their fifties. As of 1974, women
exposed in their thirties are, as a group, in their
middle sixties so that the estimated rate of 334
cases per 10°PY could eventually rise to a value
exceeding the 683 for this group in their fifties.
The 4049 age ATB group recapitulates the deficit
noted earlier (Table 4B). There were two cases
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TABLE 4 CASES OF BREAST CANCER, PERSON-YEARS & INCIDENCE RATES FOR RADIATION

DOSE <10 RAD & 10+RAD, BY AGE ATB AND AGE AT RISK, CITIES COMBINED

#4 Wrad Kiffs £ 10vad L Lo RIS A3 E, AEL LUBELR; FIE
i & o OMBREE IR R M 0, o G At

Age at Risk
Age ATB Class Total
20-29 30-39 40-49 50-59 60-69 T+
A, NIC + 09 rad (Does not include two cases with unknown date of diagnosis)
10-19 Cases 1 16 22 0 0 0 39
PY 79946 97801 49327 - - - 227074
Rate 12 164 446 - - - 171
20-29 Cases 0 8 34 ] 0 0 55
PY 9553 70777 80856 32635 - - 193821
Rate 0 113 420 398 - - 284
30-39 Cases 0 0 21 30 11 0 62
PY - 7366 65159 76575 32942 - 182042
Rate - 0 322 392 334 - 341
4049 Cases 0 0 2 18 21 8 49
Y - - 7107 56913 61036 21730 146786
Rate - - 281 316 344 368 334
50+ Cases 0 0 0 2 8 22 32
PY - - - 4463 34334 62801 101598
Rate - - - 448 233 350 315
Total Cases 1 24 79 63 40 30 237
PY 89499 175944 202449 170586 128312 84531 851321
Rate 11 136 390 369 312 355 278
Mivagi 16 23 157 334 258 204 170 173
Okayama("Fom Doll etal™) 7y 116 368 289 85 249 196
B. 10+ rad (including unknown dose)
10-19 Cases (5.8)2 (3.5019 (2.5)19 0 0 0 40
PY 28636 33214 16776 - - - 78626
Rate T0 572 1133 - - - 509
20-29 Cases (=)0 (2.0)5 (1.Mm17 (2.5)9 0 0 31
PY 3668 22136 24187 9146 - - 59137
Rate 0 226 703 984 - - 524
30-39 Cases 0 1 (0.5)3 (1L.7)14 (1.3 0 21
PY - 2271 18369 20510 8990 - 50140
Rate - 440 163 683 334 - 399
40-49 Cases 0 0 (29)2 (0.8)4 (0.9)5 (0.4)1 12
Y - = 2467 16792 17177 6081 42517
Rate . - 811 238 291 164 282
50+ Cases 0 0 0 (=)0 (2.2)5 (1.3)7 12
PY - - - 1418 9679 15171 26268
Rate - - - 0 517 461 457
Total Cases 2 25 41 27 13 8 116
Py 32304 57621 61799 47866 35846 21252 256688
Rate 62 434 663 564 363 376 452

Numbers in parentheses are the relative risks for 10+rad vs <10rad groups.
Rl o ik, 10+ rad R < 10 rad B¢ 00§84 1 B
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of breast cancer in 1950-52 among these women
(10+rad) and this produced the estimated
incidence rate of 811 cases per 10°PY. The
subsequent incidence of breast cancer among
these women in their fifties, sixties, and seventies
fell to levels below 300, the lowest of any values
in Table 4. Finally, women aged 50 or older
ATB who received 10 or more rad to the breast
show a peak incidence in their sixties and a
decline thereafter to a level only a little above
that of their low dose counterparts (461 vs 355
cases per 10°PY). Overall, it appears that
whereas the risk values for the NIC + 0-9 rad
group are relatively invariant with age ATB,
those for the 10+rad group, while much less
stable, suggest variation with age ATB, younger
women tending to experience a higher risk at the
same age at risk in later years.

Comparison of Hiroshima and Nagasaki

The women of Hiroshima and Nagasaki appear
to have inherently different incidence rates for
breast cancer. The age-adjusted incidence rates
(adjusted to the total person years distribution
for the two cities combined) for women who
received an estimated radiation dose of 0 rad are
245 and 163 cases per 106PY, respectively
(P<.05). This difference persists throughout
the range of breast tissue doses (Figure 4). The
dose response curves for both cities are almost
identical in shape, which suggests that the
carcinogenic effects of neutrons (released in
appreciable quantity only in Hiroshima) and
gamma rays upon female breast fissue may be
equal, Table 5 shows the number of cases
and estimated rates for each city by ape ATB
and radiation dose to the breast. The number of
cases at ages 40 and over ATB for dose levels
beyond 50 rad are too small to permit any
general conclusion concerning the relative
radiation effect in each city. With the exception
of the 20-29 ATB group, the incidence rates for
Hiroshima women at every exposure age are
greater than the corresponding values for
Nagasaki women. This exception can be seen to
arise from the general tendency for Nagasaki
rates to approximate or exceed those for
Hiroshima at every dose level for women
irradiated in their twenties. It should also be
noted that the incidence for women 30-39 ATB
who received over 200 rad is half again as great
for Nagasaki as for Hiroshima. However, these
values are based on just three cases in each city
and may well be artifacts within a pattern in
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TABLE 5 BREAST CANCER INCIDENCE (PER 10° PY) BY AGE ATB, TISSUE DOSE, & CITY

£5 FUBRERE (105 ANEH20 ) FRSERS, dlgits X Bl

Age Breast Tissue Dose in Rad

ATEB City Class Total
NIC 0 19 1049 5099 100-199 200+ Unk.
0-9 Hiroshima  Cases 1 2 1 0 0 0 0 0 4
Rate 24 25 41 - - - E - 23
Nagasaki Cases 0 0 0 1 0 0 0 1
Rate - - - o 362 - - - "
10-19 Hiroshima Cases 10 16 6 8 5 4 6 4 59
Rate 201 190 210 330 740 1080 1744 510 283
Nagasaki Cases - 1 2 3 2 4 3 1 20
Rate 172 42 100 272 370 470 766 209 198
20-29 Hiroshima  Cases 12 24 6 8 4 2 3 4 63
Rate 253 307 210 340 643 589 928 827 323
Nagasaki Cases 4 4 5 2 1 4 3 0 23
Rate 257 293 381 284 317 1026 1129 - 376
30-39 Hiroshima Cases 13 30 11 7 1 5 3 0 70
Rate 282 381 407 279 189 1628 1550 - 370
Nagasaki Cases 4 2 2 1 0 1 3 0 13
Rate 388 221 188 137 - 781 2429 - 303
40-49 Hiroshima Cases 17 18 11 9 1 1 0 0 57
Rate 500 263 514 412 193 331 - - 363
Nagasaki Cases 0 3 1 1 0 0 0 0 5
Rate - 426 92 188 - - - - 142
50+ Hiroshima  Cases 6 19 4 6 1 2 0 0 38
Rate 262 378 247 388 344 1331 - - 343
Nagasaki Cases 1 0 3 2 0 1 0 0 7
Rate 212 - 400 564 - 1138 - - 306
Total Hiroshima Cases 59 109 39 38 12 14 12 8 291
Rate 244 249 267 289 397 820 936 456 281
Nagasaki Cases 13 10 13 9 4 10 9 1 69
Rate 168 139 163 201 251 559 842 88 209
which the risk for breast cancer in Hiroshima YOENTIR, ALMGZLOz2a 289026
is generally greater than that for Nagasaki. His.

Separate weighted least squares linear regression
lines were fitted for women of all ages ATB for
each city (Table 6). From the comparison of
observed and predicted number of cases within
each class, it is clear that a linear dose response
model provides an excellent description of the
carcinogenic action of ionizing radiation on
breast tissues among women of all ages within
each city. The estimated contribution of radiation
carcinogenesis to the expected number of breast
cancer cases in each city and dose category
calculated assuming a linear response is included
in Table 6. This contribution ranges from

ks, FTORBEFEEMNEO LIz L T, 54
ZHIE L 2= 2 IR E STk (£6 ).
SN TOMEN & MFFHHE - &2 T+ 5 -,
MBI IEE T V2L T, WHIZHE 22 TR
O 4o P oo FUBE RELAE 12 T E ¥ TR B A o SE R 1 (R
CMF MRS o s AIRLESh ez e A
THa. £6TIE, WMHFOHMERTIFC LT IEH
FORAFERIC N S SR OF S EOHER
BERGEBELTHESAALLOTRLA. 20
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FIGURE 4 AGE ADJUSTED BREAST CANCER INCIDENCE RATES BY RADIATION DOSE & CITY
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approximately 3% at the 1-3 rad level to over
60% for the 100-199 rad dose group.

Pathological Findings in Relation to Radiation
Dose and Age at Exposure

The following pathological factors were examined
for variation by radiation dose and age ATB:

Histologic Type —Tubule Formation, Nuclear
Morphology, Mitosis, Lymphocytic Infiltration,
Carcinoma Metastasis, Stromal Fibrosis and
Necrosis; Histologic Grade; Location of Main
Tumor (Left or Right); and Size of Main
Tumor.

Of particular interest was the possibility that
radiation-induced breast cancer might show a
distribution among the main histologic types
which differs from that of spontaneous breast
cancer. Table 7 shows these distributions for the
nonexposed and Orad cases, those cases who
received |1 or more rad, and a series collected by
the Cancer Institute of Japan.'” The first and
third of these are in excellent agreement. The
irradiated breast cancer cases based on the
classification of the Japan Breast Cancer Research
Society suggest a slight increase in the medullary
tubular type with a corresponding decrease in the
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TABLE 6 REGRESSION ANALYSIS OF BREAST CANCER & RADIATION DOSE BY CITY

# 6 FLER B & OB O AT #

Breast Tissue

Do i Hiroshima Nagasaki
NIC +0 Obs 168 23
Exp 165.1 223
1-3 Obs 23 7
Exp 20.7 (0.5) 6.3 (0.2)
49 Obs 16 6
Exp 16.6 (1.4) 6.4 (0.6)
10-19 Obs 18 4
Exp 21.8(3.4) 4.9 (0.9)
2049 Obs 20 5
Exp 19.8 (6.1) 4.3 (1.6)
50-99 Obs 12 +
Exp 14.6 (7.2) 5.4 (3.0)
100-199 Obs 14 10
Exp 12.4 (8.3) 9.4 (6.7)
Total Obs 271 59
Exp 271.0 59.0
Slope and 347 +1.14 2.63%1.09
standard error Excess cases per 10°PYR
Intercept 243 150
Overall rate for nonexposed women per 10°PY
Chissquare X% = 1.66 x* =0.81
value Not significant

Numbers in parentheses are the contribution to the expected number of cases by the
linear regression term (i.c., the estimated number of breast cancer cases in excess of
the background level).

RN O BCEG, RS B WIS WS (F e b b, QABEMENEE
B I E 2

TABLE 7 HISTOLOGIC TYPE OF BREAST CANCER BY RADIATION DOSE
# 7 Gl AR Bohtima

Breast Tissue Dose in Rad

Type Total Sugano et al'’
NIC +0 149 50+ Unk.

Noninfiltrating 3 (3 2 (3 2 @ 0 7 (3 90 (3.5)
Papillotubular 27 (23) 8 (13) 9 (19) 3 47 (20) 543 (21.3)
Medullary tubular 27 (23) 23 (37 11 (23) 3 64 (27) 528 (20.7)
Scirrhous 53 (44) 20 (32) 20 (43) 1 94 (41) 1201 (47.1)
Special type 8 (M 9 (15) 5 (1D 0 22 9 187 (7.3)
Total 118 (100) 62 (100) 47 (100) 7 234 (100) 2549 (100)
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papillotubular type but the chi-square test does
not indicate significance (P < .05). The other
factors revealed no significant associations with
radiation dose.

DISCUSSION

Shore et al'® analysed the latent results for a
series of breast cancer cases in American women
treated with X-ray for acute postpartum mastitis.
They reported excess risks of 7.9 and 9.2 cases
per 10°PYR (tissue dose) for women irradiated
at ages 15-29 and 30-44, respectively (no standard
error was given). Furthermore, they found a
linear dose response relationship over a mean
breast tissue dose range from 112 to 584 rad.
They concluded that exposure at an earlier age
conferred no greater risk than that at ages over
30. Data from the Nova Scotia fluoroscopy
series consisting of 243 women irradiated at an
average age of 26 years with a mean breast tissue
dose of 1,215 rad followed for a period between
10 and 30 years produced an estimate of 8.4
excess cases per 10°PYR.%'""  Another current
study followed 1,764 women patients discharged
from two Massachusetts tuberculosis sanitariums
between 1930 and 1954.7 Fluoroscopic exami-
nations were given to 1,047 women an average of
102 times over a period of several years, while a
comparison group of 717 female patients were
treated without fluoroscopic examination. The
average age at irradiation was 25 years, the mean
estimated breast dose was 150rad, and the
follow-up period ranged from 10 to 34 years.
These women had an estimated excess of 6.2
cases per 10°PYR. The largest absolute excess
risk occurred among women who were first
exposed between 15 and 19 years of age. No
excess risk was detected for women beyond 30
at first exposure,

The above findings are somewhat different from
those presented here, We estimate the excess
risk for women exposed between the ages of 10
and 29 to be 3.9 cases per 10°PYR with a
standard error of 1.2, and for women exposed
between the ages of 30 and 49 to be 1.5 cases
per 10°PYR with a standard error of 1.6. There
are, of course, several important differences
between the Japanese and North American
studies which might account for these discrep-
ancies. Breast cancer incidence among Japanese
women is less than 30% of that for American
women over their adult life sp:an.’6 The American
and Canadian women treated for postpartum
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mastitis and tuberculosis generally received
fractionated doses at levels much higher than
A-bomb survivors. The mean breast dose per
women (to both breasts) was 247 rad for the
mastitis series, 1215 rad for the Nova Scotia
series, and 150 for the Massachusetts fluoroscopy
series, while the estimates of excess risk given
here are based only on those women whose
estimated mean tissue dose was less than 200 rad
(average dose 12.7 rad). There were a total of
71 cases of breast cancer (37 exposed, 34 controls)
for some 40,000PY of experience in the mastitis
series and 56 cases (41 exposed, 15 controls) for
some 47,000PYof experience in the Massachusetts
fluoroscopy series. By comparison, for the
Japanese women, there are 141 cases for
533,000PY among those aged 10-29 ATB and
139 cases for 400,000PY among those aged
30-49 ATB.

The present findings agree with those of the
earlier study of McGregor et al® on four
important results: 1) linearity of the dose
response effect, 2) greatest relative and cumulative
absolute risk for women exposed under 30 years
of age, 3) no variation in the mean time from
exposure to the appearance of breast cancer with
radiation dose, and 4) no difference in the slopes
of the dose response graphs for Hiroshima and
Nagasaki. One of the principle results of this
investigation is the apparent linearity of breast
cancer incidence as a function of average tissue
dose over a range from 1 to 140 rad. Two
factors which limit our ability to distinguish
between a linear and, perhaps, a sigmoid dose
response curve are the precision of the T65
dosimetry (the T65 radiation dose estimates
have root mean square errors estimated at
+30%') and the number of cases. Regarding
the latter, the rates for the Orad and 1-9 rad
groups are, understandably, virtually identical.
Even with 510,000 and 226,000 PY respectively,
as bases, the data cannot distinguish hetween
straight-line and curvilinear response functions
where the absolute risks are relatively small and
very nearly equal, The estimated rates and
their standard errors for these two dose classes
are 233421 and 230+32 cases per 10°PY,
respectively.

The choice of the most appropriate mathematical
model for estimating the carcinogenic action of
low radiation doses is clearly an important step.
It will doubtlessly be made on the basis of a
consideration of biological mechanisms rather
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than by comparative curve fitting on a rather
small body of data. For the present, a conser-
vative approach which uses a straight-line fit of
the data seems the most natural and prudent
course,

The excess risk at low doses among women
age 30 ATB is of particular interest in view of the
large-scale mammography screening program in
the United States. The fitted regression for dose
response among women of this age group for
tissue doses less than 200 rad has a slope of 3.9
cases per 10°PYR. This estimate is quite robust:
if the nonexposed and O rad dose survivors are
omitted, the estimated slope is 4.0%1.3 cases
per IOGPYR; if the women who received 1-9 rad
are also eliminated, the value decreases slightly to
3.7*1.6. Although the excess risk estimates
presented in Table 2 for exposure before and
after age 40 do not differ significantly (P>.05),
when these values are considered in the light of
the life-table estimates of cumulative risk
(Figure 3) and the age ATB by age at risk table
(Table 4), an inverse relationship between age
at exposure and the probability of subsequent
breast cancer seems plausible. This possibility is
strengthened by the fact that a large fraction of
the women under 30 years ATB had only just
entered the normal age of high risk for hreast
cancer. An additional 5 to 10 years of follow-up
of this population should provide decisive
evidence on the issue.

McGregor et al suggested that age at menarche
in relation to age at exposure might be crucial,
since rapid breast development and significant
hormonal changes occur at this point. Their
results indicated the possibility of an elevated
risk for exposure just prior to the average age at
menarche. The additional cases available to this
investigation fail to verify this. The pre- and
post-menarche (14 years and under, 15 years and
over) exposure incidence rates of breast cancer
for women aged 10-19 ATB do not differ
significantly (P>.05) although they remain
suggestive. Table 8 summarizes the relevant data
from which a chi-square test was made.

A curious feature of this series of cases is the
deficit of women with breast cancer who received
50 rad or more between age 40-49, If this is not
an artifact, it suggests the possibility that radiation
carcinogenesis in the breast tissue of women near
the time of menopause is strongly diminished as
a result of hormonal changes affecting the
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TABLE 8 CASES OF BREAST CANCER, PERSON-YEARS, & INCIDENCE RATES
(PER 10°PY) FOR WOMEN AGED 10-19 ATB

#8  JHHEIFI0— 198 o &tk o B0 B SLEERIS, AFH & Ut
(108 AfEH A1)
Breast Tissue Dose in Rad
Age ATB

NIC + 0-9 10-99 100+

10-14 Cases 11 10 6
Person years 88592 19158 6585

Rate 124 522 911

Relative risk 1.0 4.2 7.3

15-19 Cases 28 8 11
Person years 140742 28261 12993

Rate 199 283 847

Relative risk 1.0 1.4 4.3

The 3-way chi-square test (Age x Dose x Case/control) shows no significant elevation of
risk (P>.05) for exposure before average age at menarche (14.5 years)

St X HUE CHERE AL X AT B A A ) Tk, B 2 T RS | 14,54k ) Phii o e o Wy 5,
FESERIE LR (P> 05 ) t8nshzu.

reproductive glands. The protective effect
apparently does not extend beyond several years
after menopause, since women over 50 ATB
show the same gradient in risk with radiation
dose as that for women under 40 at exposure. If
is possible that this deficit is an artifact mas-
querading as a real effect on the strength of a
P value of .003. Since none of the studies of
breast cancer and radiation among North
American women*™!® have shown a similar
effect, this possibility cannot be disregarded.
However, it is doubtful that a deficit of eight
cases at exposure levels above 50 rad is merely
a chance occurrence,

The number of observed cases of breast cancer
among women in the LSS is contrasted with the
number expected (if there were no carcinogenesis)
in Table 9 by age ATB and dose. An estimated
47 cases of breast cancer have occurred through
1974 as a result of radiation exposure. Over
50% of this total is represented by women
exposed in their teens. Women in their twenties
ATB contribute another 33%, while women
irradiated in their forties have produced 11%
fewer cases than would have been expecied had
they received no ionizing radiation,

The invariance of the mean time from exposure
to development of breast cancer with respect to
the amount of radiation received presumably has
an important implication for the mechanism
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TABLE 9 OBSERVED & EXPECTED BREAST CANCER CASES BY AGE ATB & TISSUE
DOSE, CITIES COMBINED, 1950-74

# 9 FUSHIHOBIEE & WA BURBRERM S L oS RR, miaar,
1950— 74 ¢
Breast Tissue Dose in Rad
Age ATB Total
NIC + 0-9 10-99 100+ Exposed

09 Cases 4 Obs 1 0 4
Person-years 192907

Rate/105PY 20.7 Exp 0.8 0.2 3.8

10-19 Cases 39 Obs 18 17 65
Person-years 229334

Rate/10°PY 170.1 Exp 8.1 3.3 402

20-29 Cases 55 QObs 15 12 70
Person-years 196393

Rate/10°PY 280.1 Exp 11.2 3.7 54.2

30-39 Cases 62 Obs 9 12 66
Person-years 181941

Rate/10°PY 340.8 Exp 13.5 2.6 59.8

4049 Cases 50 Obs 11 1 45
Person-years 149013

Rate/10°PY 335.5 Exp 11.4 2.4 50.6

50+ Cases 33 Obs 9 38
Person-years 105864

Rate/10°PY 311.7 Exp 7.1 ) 33.0

Total Cases 243 Obs 63 45 288
Person-years 1055452

Rate/10°PY 230.2 Exp 51.2 13.4 240.8

The expected values are calculated using the rates of the NIC + 0-9 rad exposure group of the
corresponding age ATB class (i.e., assuming no carcinogenic effect from A-bomb radiation).
BT & WA SR PSR O i S o A 0— 9 rad BEIERE (T4 b b, BRI L 3 R0
RS EOLEELT)OEFMOTMFRETEL &,

underlying carcinogenesis of mammary tissue.
The shape of the age-specific incidence curve is
apparently not modified but rather shifted to
a higher level, so that irradiated women experi-
ence increased risk for breast cancer in every
postexposure year of life. The carcinogenic
process has been intensified but not accelerated.

2t eEhh s, FMBEERBHEO BRI
TlbA R, EEBMORKEIEEh TV A0TSR
LM, PR LB O IR SR L Ty
2. REBENHEER TS, RiEExhTizo

L R
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APPENDIX 1 RADIATION DOSE AND OTHER RISK FACTORS

fiid 1

Other epidemiologic studies have revealed a
number of risk factors associated with carcinoma
of the female breast.”® Nearly all of these
factors relate to the ages at which significant
events in the sexual and reproductive history of
women occur. Whether there may be interaction

HHSGES LU Z0MBOBEKREAT

LA FOMBIZMT 2 ¢
DADEHEEFAIRO SR TH .Y
DIFLA YT RTY, KEOEELE L UEMECSH
BEFRIEE SEMEMENS 2. FBWE T,
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TABLE A1 BREAST CANCER BY RADIATION DOSE & OTHER RISK FACTORS
FAL U M L OF O o iR E

T65 Dose in rad

Age NIC

Total
AT8 0-9 10-99 100+ Unk
Percent married
0-29 24/27 89% 45/52 B7% 30/31 97%  29/35 83% 7/8 88% 135/153 88%
30+ 28/29 97 60/62 97 20/20 100 16/18 89 - - 124/129 96
Total 52/56 93 105/114 92 50/51 98 45/53 85 7/8 88 259/282 92
Mean age at marriage
0-29 238 (16) 229 (35) 231 (2D 233 (24) 22.6 (5) 23.2 (101)
30+ 205 (17) 21.8 (40) 204 (14) 245 (13) 21.7 (84)

Total 22.1 (33) 223 (75) 22.1

Percent at least one live birth

0-29 21/26 B81% 36/52 69% 26/30

30+ 22/28 79 49/59 83 14/18

Total 43/54 80 85/111 77 40/48
Mean age at first live birth

0-29 26.1 (14) 25.2 (25) 253

30+ 21.8 (13 24.2 (41) 23.1

Total 240 (27) 246 (66) 246

Mean number of deliveries

0-29 2.3 (2D 2.2 (36) 2.7

30+ 3.5 (22) 34 (49) 2.9

Total 2.9 (43) 2.9 (85) 2.8
Mean age at menarche

0-29 16.4 (16) 14.5 (32) 14.9

30+ 15.6 (14) 14.9 @2n 15.4

Total 16.0 (30) 14.7 (59) 15.0
Mean age at menopause

0-29 43.7  (3) 45.7 N 46.7

30+ 45.9 (14) 48.0 (33) 47.1

Total 45.5 (170 476 (40) 46.9
Breast feeding: percent nursing 1 year or more

0-29 4/9  44% 7/15 47% 3/15

30+ 5/9 56 13/25 52 3/4

Total 9/18 50 20/40 50 6/19

(35) 237 (37

(14) 2.7 (10)

22,6 (5) 225 (185)

87% 25/34 74%
78 11/17 65
83 36/51 71

4/7 51% 112/149 75%
- - 96/122 719
4/7 57 208/271 77
(24) 253 (23) 248 (4) 254 (90)
(11 279 (10) 2 = 2 (75)
(35) 261 (33)  24.8 (4) 248  (165)

(26) 2.6 (26) 3.0 4 2.5 (113)
33 (95)

(40) 26 (36) 3.0 (4 28 (208)

(16) 15.1 (12)
(7 159 (7N
(23) 154 (19

14.0 (2) 15.0 (78)
- - 15.3 (55)
14.0 (2) 15.1 (133)

(6) 455  (2) - - 457 (18)
(8) 48.5  (6) = - 475 (61)
(14) 47.8 (8) - - 471 (79)

20% 717 41% 0/2 0% 21/58 36%
75 4/7 57 2y e 25/45 56
32 11/24 46 0/2 0 46/103 45

between radiation and these other factors has not
been examined in this study. Rather, the available
data on these variables has been tabulated in
order to determine if any correlation exists
between them and radiation dose (Table Al).
The data were collected from questionnaires
given women who underwent physical exami-
nation as members of the clinical sample of
survivors and from responses to a medical history
mail survey of other women within 10,000m
from the hypocenter who are not examined
periodically at RERF.

HBemeEzh s oME L OMICHElERY & 2 »
EIPE20TEHMATOE Y, BEIZF 2L,
HomEHLEEBREOMIZHIMY S 3055 >
RETEED, chsoERCMLTAFahTY
WEOBRFEITa A0 I EThHS(#£A1). &
BHREG, BRENAO S SEENEOREL LT
DL Lt oA MME, FEUBRLEA S
10,000 m i 12 42 /= 7 O fth O &tk T MO IF € 7 M #
BERITVLVEOHERRERA M S K
ETnTiT= .
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Women with breast cancer are less likely to be
married, marry at an older age, have fewer
children, bear their first child later, breast feed
for a shorter time, and are younger at menarche
and older at menopause.’’  The numbers
tabulated, particularly at the highest dose level,
are too small to permit firm conclusions., With
the possible exception of women aged 30 or
older ATB who received 100rad or more (tissue
kerma in air), there is no evidence of bias
operating to inflate the incidence rate at the
highest dose levels. The comparisons of the
mean ages at marriage and at first birth for these
women with those of their counterparts in the
0-9rad category produce P values of .04 in each
instance, while the 65% vs 83% figures for parity
fall just short of statistical significance (P>.05).
The younger women ATB who have, for the
most part, married and borne children after
exposure show no differential risk.

RERF TR 17-77

AMERT A RMTE, BBERRL 4, BHFR
Co FHRDEC, MRS, BHMr ", 2
LENE R HEABOE S TH B HiHE 5,
E ISR OB O M Bt MARES s A b 5
FTIEHENICE 100 rad L) F ( kerma
ML) & 2 2 RIS B0 88 1) b o> £tk 210k + hL,
FE AR 51T 2854 LR B AR OMEME
DEBIXS SN A0, DR 50 LMEOEIEE S F )
PIEERED PEIHEGS & 0 — 9 rad $812 3511 3 M B0
TNEERBT AL, VFROBEIZL MOPE
o H, WAEFEEEES% 483% &\ 5 L, S
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APPENDIX 2 BIAS ANALYSIS
1R +) O R

1§31 2

There exists the possibility that ascertainment of
cases may have been appreciably greater among
women exposed to higher levels of radiation.
The sample of survivors selected for biennial
physical examination was intentionally defined
8o as to include a large percentage of individuals
who received large radiation doses (50rad or
more). In order to resolve this issue the dose-
specific incidence rates for the combined cities
have been calculated for both the clinical and
remaining portions of the study sample and
shown in Table A2. The 34 cases in the clinical
sample who received 100+rad (T65 tissue kerma
in air) produce a rate of 730 cases per 10°PY
which does not significantly differ from the 688
for the nonclinical sample with 19 cases. The
same result holds for the rates in the 10-99rad
dose classes. A second check on the possible
existence of ascertainment bias is afforded by the
use of mortality fipures for breast cancer. The
confirmation and detection rates for death
certificates listing carcinoma of the breast as
underlying or contributing cause among deaths
in the LSS are 97% and 81% respectively.??

Consequently, a comparison of deaths with
living cases by city, dose, and by calendar year
period should reveal any real pattern of ascertain-
ment dependent upon radiation dose. Tables A3
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TABLE A2 BREAST CANCER RISKS FOR CLINICAL & NONCLINICAL LSS
POPULATION BY RADIATION DOSE

AL BGRHEANOERESRE X CIEERE TS84 b &Ry

O LI fi P g
T65 Dose in rad
NIC
0-9 10-99 100+
Clinical Sample
Cases 12 17 17 34
Person years at risk 66930 82134 61538 46567
Incidence rate (per 10°PY) 179. 207. 276. 730.
Nonclinical Sample
Cases 60 141 51 19
Person years at risk 252238 615947 183454 27626
Incidence rate (per 10°PY) 238. 229. 278. 688.

TABLE A3 BIAS ANALYSIS FOR ASCERTAINMENT OF BREAST CANCER CASES BY
RADIATION DOSE & CITY, 1950-74

FHA D LT ORISR BT SR 0 M B & K o, 1950 — 74 4

T65 Dose in rad

NIC Total
09 10-99 100+ Unk,
Hiroshima
Deaths 19 51 22 9 3 104
Other Incidence 40 85 34 23 5 187
x%=1.63 NS
Nagasaki
Deaths 5 11 8 6 0 30
Other Incidence 8 11 ) 15 1 39
xt=5.81 NS

TABLE A4 RATIO OF INCIDENCE CASES/DEATHS BY CALENDAR YEAR
PERIOD & RADIATION DOSE
FA 4 R TECIE O S FEIRE S L U RS

T65 Dose in rad

NIC Total
09 10-99 100+

1950-59 Incidence cases 8 13 3 3 27
Deaths 5 17 7 3 32

Ratio 1.6 0.8 0.4 1.0 0.8

1960-69 Incidence cases 21 50 25 19 115
Deaths 14 29 17 8 68

Ratio 1.5 147 1.5 24 1.7

1970-74 Incidence cases 19 33 10 16 78
Deaths 6 1 6 4 33

Ratio 32 1.9 1 4.0 2.4

Does not include 9 cases with unknown radiation dose.
Kbk bt Ao SR & £ 2,
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TABLE A5 DEFINITE AND PROBABLE CASES OF BREAST CANCER BY

RADIATION DOSE & AGE ATB
FAS  GBUFFEE & &£ ONRIETEE & SR RS SRe - OF 50 R IF A1 1
T65 Dose in rad
Age ATB NIC Total
09 1099 100+
0-19 15 (100) 22 (88) 14 (78) 20 (95) 71 (90)
20-34 23 (88) 53 (90) 19 (90) 17 (BS) 112 (89)
3549 18 (75) 42 (86) 17 (85) 7 (88) 84 (83)
50+ 4 (57) 16 (64) 7(78) 2 (50) 29 (64)
Total 60 (83) 133 (84) 57 (84) 46 (87) 296 (84)

Does not include 8 cases of unknown radiation dose  §4t Fi o 8 712 B4 L 7.
Numbers in parentheses are percent of total cases for each cell.

FEAR L & 0 B b 1 3

TABLE A6 DEFINITE AND PROBABLE CASES OF BREAST CANCER BY
RADIATION DOSE & YEAR OF DIAGNOSIS

#AB BUTFET S LT IEREE L FURM; RAEEE kU EE
T6S Dose in rad
09 10-99 100+
1950-59 8 (53) 30 (73) 9 (64) 7 (78) 54 (69)
1960-64 13 (87 36 (90) 19 (86) 7 (88) 75 (94)
1965-69 17 (85) 25 (81) 18 (86) 18 (90) 78 (89)
1970-74 21 (100) 41 (91) 11 (100) 14 (88) 87 (94)
Taotal 59 (83) 132 (84) 57 (84) 46 (87 294 (84)

Does not include 8 cases with unknown radiation dose and 2 cases with unknown date of

diagnosis.

M3 ET W@ 8 1M & L FREMNE A H R O 2 1R (3R 4.
Numbers in parentheses are percent of total cases for each cell.

17 S04 (2 25 R 0 480 B oo o S

and A4 do not support such an effect. The
proportion of probable or definite cases (diag-
nostic certainty categories 3 and 4) among all
cases as a function of total dose, age ATB,
and year of diagnosis is shown in Tables A4, AS,
and A6. Generally, the pattern is one of an even
distribution of cases with a highly reliable
diagnosis across dose and age ATB categories.
The noticeably lower percentages for women
aged 50 or older ATB and for the first 10 years
of follow-up would appear to reflect the relative
scarcity of microscopic slides encountered in
a retrospective search for case material. Certainly,
no systematic bias appears to exist with regard to
the validity of diagnosis over radiation dose
levels or with age at exposure for women under
50 years ATB.
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APPENDIX 3 LOG LINEAR MODEL FOR ESTIMATING FITTED VALUES
IN TEXT TABLE 1

142 3

The model used for estimating fitted values in
Table 1 is discussed thoroughly in the context of
multi-dimensional contingency table analysis in a
recent book by Bishop et al.'* Only a brief
description is given here,

Consider the case of a three-dimensional contin-
gency table with cells indexed (i, j, k). Let
My denote the cell-frequency fitted values. The
model is

log mjjp=u + uy ) + up () +

The first term, u, is the overall mean, the next
three terms represent the main effects defined
by the three dimensions, and the last three
terms denote the first order interactions between
every pair of main effects. Applied to Table 1,
the terms are identified as follows:

Uy (§)= ith level of factor 1, Age ATB
Uy j)= Jth level of factor 2, Breast Tissue Dose
uzck)= kth level of factor 3, Case or Control
(k=1 denotes cases-numerators)
(k=2 denotes controls-denominators)

The model permits the estimation of all six
terms (plus the 7th terms, u, an overall mean)
by an iterative scheme which has been incorpo-
rated into a Fortran computer program, IPFA,
available to users of the RERF computer center.
Constraints in the procedure require that the
row, column, and panel sums of the fitted values
(marginal totals) be preserved (i.e., be equal to
those for the observed values). It is useful to
consider the implications of this model in as
much as it has been found to fit the data of
Table 1 quite well.

First, note that the probability of breast cancer
during 1950-74 for age ATB level i and breast
tissue dose level j will be estimated by

FNRIOETRDEEHET A HHEEHEF L

HZ1lDOYUTROEDHEE AV AT T LIZoLTIE,
Bishop & " (L 12815 £ I000 4 51 2 P47 1214
LTHRREEATYS. 22T, AR
BlzrED B,

iF (L L) EMLAREOLI S AT S EHAEOH A
FEATALV. HOBEEYSTHEHES myp &5 &,
FDET MG,

U3 (k) * Wiz ij) Wi i) t U (ik)

MO EF o EEFEOTFHETH, KO=Z205
FEIATLE L TEREN- LT EABEBL2R L,
REO=Z-oOEFEEHOTEL MBI TLSH 1
MNOMEERRA2R . Fl1IZ@HT 3L, 2o0e
EAD LI 128 5.

uyy =EFL, T o b5 FBHERD I OHE.
Uagy) =H72, va2bsLFEHMRE | o,
wsgo =EF3, + &b b IR E 2 5 RO K
AL o) i
(k=11EM — 5F2 &)
(k=2 3408 — 5 B&HbHT)

COETFMIZENE, BETOI E2—%—0f
HEIZHEN S Fortran 2 ¥ VY 2a— % —Fa s 35 4
IPFAAEENTVwARBEHET, 520880+
NT( BV EROEPHETCHIELMEOEZ %
MAZbD)ZoWTHESNIBSAI, Z0HiE:
BiIFcMEO L, YTIROM(MAEH) 05, W
BEFNALOGH & EBETIVEFBHE (T4 b
LBEEDEN S LMECT 34 ENED). -0
ETNEHRIOWE T I L BTiLE S L A0
WERTWVWAENT, ChOBREEIZZLUEEH
ThB.

Y, BERFEBOMI &L ULEMBRBO®
(2213 51950 — T4 42 [l 0 FLAE DFE (3,

mij1

Pi=

myj; + myjp

The ‘odds ratio’ is the quotient
Pij

LEoTHESNRAZEICFEAL 2w, [Fbx]
1%, B
Myjg

1 - pj;

mija
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which denotes the ratio of probability for T, IhE, AEIRET IABELIOMROK A5
contracting and not contracting breast cancer. t. CONOMEEROL B
The logarithm of this ratio is

Pij
1 —pj

log

= log m;j; — log mijs = (uz1)— Uzy) (“ta(il) ” u13(i2)} +(Wy3(51) — Uz3(jay)

Thus, the log-odds ratio can be written as the

oy LadaT, M¥sdHHis, Zo0iEs04it s
sum of three terms LtEhahas. +48h5,
i Pij _
ag————l_pij —,u+ui+_e§
Alternatively, 2 ;
Ihizfibat e LTI,
Pij
1 —py=eke’i i
Consequently, the probability for breast cancer, Lo T, B TROEL2FALZOCMERL 28

accor‘dmg to the lt?g-ﬁnear r?qulal .USEd to ?btain BT S k5 I ORER (S, AR S &
the fitted values, is a multiplicative function of

both radiation dose and age at exposure. UMM ER O W H O BEMETH 5.
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MASTER FILE NUMBER OF BREAST CANCER CASES
FLAG I 0 2 A 2 i
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