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Summary

The risk of female breast cancer in association with radiation exposure is well
established, on the basis of follow-up studies of the atomic-bomb survivers and
other exposed populations. This association is especially strong for women
exposed before age 20 yr and appears to be much weaker among women exposed
after age 40 yr. In this study, breast-tissue autopsy samples from high-dose and
low-dose individuals in the Radiation Effects Research Foundation Life Span
Study sample were examined in detail to determine whether nonproliferative or
proliferative breast lesions are associated with radiation exposure.

The results suggest that proliferative disease in general and atypical hyper-
plasia in particular are associated with radiation exposure and that the risk is
strongest for subjects who were ages 40-49 yr at the time of the bombings. It is
hypothesized that this finding may be related to the age dependence of radia-
tion-induced breast cancer, in the sense that potential cancers reflecting early-
stage changes induced at these ages by radiation exposure may receive too little
hormonal promotion to progress to frank cancers.
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be available separately. Approved 1 June 1992; printed October 1993.
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Introduction

The sensitivity of the female breast to the induction of cancer from exposure
to ionizing radiation has been amply demonstrated by studies of Japanese
atomic-bomb (A-bomb) survivors,'™* patients who received substantial cumula-
tive doses to the breast from multiple diagnostic X-ray exposures during the
course of diagnosis or treatment of tuberculosis®® or scoliosis,'” and women given
X-ray therapy for benign disease.!!"!® The relationship between cancer risk and
radiation dose and the variations in that relationship caused by such factors as
age at exposure, age at observation for risk, time after exposure, and baseline
level of risk have been extensively quantified for the female breast, perhaps more
so than for any other organ.

Many risk factors for breast cancer are also relatively well characterized
epidemiologically.!41® Women who have already experienced a cancer in one
breast are at high risk of cancer in the other breast, and women with family
histories of breast cancer in one or more first-degree relatives have about twice
the risk of other women, as do women with various types of benign breast disease.
Reproductive history is also strongly related to risk; in particular, a first full-term
pregnancy that occurs after age 30 (yr) is associated with a three-fold higher risk
compared to a first full-term pregnancy before age 20. Early age at menarche and
late age at menopause are both associated with somewhat increased risks.

Cystic breast disease and epithelial hyperplasia are extremely common among
women, reaching cumulative rates of 50% clinically and 90% pathologically.!”
Studies investigating possible relationships of noncancerous lesions to breast-
cancer risk have taken two approaches. Follow-up studies have investigated the
risk of breast cancer following the diagnosis of various noncancerous breast
lesions. For example, Dupont and Page!® and Page et al' conducted retrospec-
tive-prospective follow-up studies of 3300 women who had experienced breast
biopsies, 1925 of them for proliferative breast disease. These studies showed that,
with an average follow-up of 17 yr, most women who underwent biopsy for benign
breast disease were not at an increased risk of subsequent breast cancer, but that
women with proliferative breast disease were at nearly a two-fold increased risk.
Moreover, the presence of atypical hyperplasia was associated with a breast-can-
cer risk 5 times that seen in women without proliferative breast disease.

The other approach has been to characterize the frequency of noncancerous
lesions in breast tissue obtained at autopsy or surgery from breast-cancer cases
and noncancer cases. Many concurrent studies are summarized by, and the most
complete one is presented by, Wellings et al?® and Jensen et al.”!

The Radiation Effects Research Foundation (RERF) and its predecessor, the
Atomic Bomb Casualty Commission (ABCC), have collected a large autopsy
series that includes many female subjects not identified as breast-cancer cases
in previous incidence studies!™; some of these subjects received fairly high
radiation doses from the atomic bombings. In the present study, breast-tissue
samples from high-dose and low-dose subjects from the autopsy series were
examined in detail to determine whether the known patterns of increased
breast-cancer risk associated with radiation exposure might have a counterpart
in similar prevalence patterns of proliferative lesions of the type associated with
increased cancer risk.
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Materials and Methods

Selection of subjects

Female autopsy subjects were selected from the RERF Life Span Study (LSS)
sample,2? which is the epidemiological cohort on which most RERF studies are
based. That sample consists of approximately 95,000 persons who were in either
Hiroshima or Nagasaki at the time of the atomic bombings (ATB) in 1945 and
who were listed by the 1950 Japanese national census as resident in Hiroshima
or Nagasaki on 1 October 1950, plus another 26,000 residents who did not
experience the bombings. The exposed portion of the LSS cohort is characterized
by individual radiation-dose estimates based on location ATB and on shielding
by structures and terrain. At the time of subject selection for the present study,
the dosimetry system in use was the tentative 1965 dosimetry system (T65D),%
which has since been replaced by another system, Dosimetry System 1986
(DS86).24 Individual doses according to the two systems are somewhat different,
but they are highly correlated; that is, high-dose and low-dose subjects selected
according to T65D were also high-dose and low-dose, respectively, according to
DS86. The only exception was that some of the subjects for whom radiation doses
had been calculated using T65D did not have dose estimates calculated according
to DS86; those subjects, for the most part, had shielding histories that were too
uncertain or too complicated for the DS86 algorithms.

Table 1 shows the distribution of the female autopsy subjects in the exposed
portion of the LSS sample by city and estimated T65D kerma. (Kerma is a
measure of radiation exposure, as opposed to radiation dose; breast-tissue dose
in T65D is about 80% of kerma, and DS86 tissue dose tends to be fairly close to
the T65D value.) Subjects were initially selected for this study from the RERF
autopsy series.?® That series is mainly, but not exclusively, composed of LSS
sample members, and the tissues are stored at RERF and at various participating
institutions, including the Hiroshima and Nagasaki university medical schools.
Unfortunately, before the emergence of increased breast-cancer risk as a major
radiation effect, breast tissue was not routinely preserved from all autopsies,
especially in Nagasaki. Therefore, the study was limited to Hiroshima autopsy
subjects, not all of whom could be used. The initial selection included all Hi-
roshima female autopsy subjects in the LSS sample exposed to 1 Gy or more T65D
kerma, not previously identified as breast-cancer cases, whose autopsies occurred

Table 1. Distribution of female autopsy cases in the LSS sample, exposed portion, by
city and T65D kerma

Radiation exposure, T65D kerma (Gy)

City 0 0.01-0.49 0.50-0.99 21.0 Unknown Total
Hiroshima 694 890 127 151 32 1894
Nagasaki 124 303 33 65 11 536
Total 818 1193 160 216 43 2430

Note: LSS = Life Span Study; T65D = tentative 1965 dosimetry system.
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after 1960—a total of 127 subjects. Construction of a low-dose comparison group
proceeded as follows: for each high-dose subject, two or more others were selected
from those exposed to under 0.2 Gy kerma, matched by decade of age ATB and
by age at death (& 2 yr), for a total of 292 low-dose subjects. Selection was made
by the RERF Master File Section, and the individual information on which
selection of subjects was based was not known to the pathologists until after the
pathology evaluation had been completed for all subjects.

The 2430 autopsy cases in Table 1 represent about 5.5% of the women with
T65D kerma estimates in the exposed portion of the LSS sample. The proportion
varies by exposure level, from 4.4% at zero kerma to 6.5% at 0.5 Gy or greater,
and reflects differential autopsy procurement rates. The reasons for this vari-
ation, discussed by Yamamoto et al,?® appear to correspond to the closer contacts
between RERF and members of the subsample solicited for biennial clinical
examinations as part of the Adult Health Study. That subsample is heavily
weighted toward the higher exposure levels. For subjects without breast cancer,
there appears to be no reason to anticipate an association between the prevalence
of proliferative or nonproliferative breast lesions and autopsy procurement effi-
ciency.

The process of selection and rejection is summarized in Table 2. Twenty-nine
high-dose and 59 low-dose subjects were dropped because stored breast tissue
was not available; this left a total of 98 high-dose and 233 low-dose subjects.
Tissue from both breasts was available for 79 of the high-dose and 190 of the
low-dose women, whereas tissue for only one breast was present for the remain-
der; thus 177 high-dose and 423 low-dose breasts were initially available for
study. Tissues from one or both breasts from 3 high-dose and 8 low-dose subjects
provided no information because of extensive autolysis, or because only adipose
or other nonglandular tissue was found. During the pathology review evidence of
metastatic cancer involvement from sites other than the breast was found in
breast tissue from 1 high-dose and 2 low-dose subjects, who were dropped from
the study. The remaining data pertained to 171 breasts examined from 95
high-dose subjects, and 409 breasts from 228 low-dose subjects. Finally, the
replacement of the T65D by the DS86 led to a further reduction in numbers
available for dose-response analysis, since DS86 breast-tissue dose estimates
were available for only 225 low-dose subjects (405 breasts examined) and 88
high-dose subjects (160 breasts examined).

Numbers of examined breasts and subjects in the final row of Table 2 are
distributed in Table 3 by age ATB and dose class and in Table 4 by age at death
and dose class. The DS86 breast-tissue dose equivalents ranged from 0 to 0.12 Sv
in the low-dose group and from 0.5 to 7.8 Sv in the high-dose group. Age ATB
ranged from 2 to 69 yr.

Pathology review

All tissue specimens were examined macroscopically, cut into 3-mm-thick
serial sections, and processed according to routine histological procedures. The
number of paraffin blocks per case ranged from 2 to 34, with an average of 10.4.
In total, 3873 slides were made, and all were reviewed independently by two
pathologists (MT and YA) to identify certain proliferative and nonproliferative



RERF TR 9-92

lesions. Nonproliferative lesions were classified into subtypes (cysts, acinar
dilation, sclerosing adenosis, fibroadenoma, apocrine change, papillary apocrine
change, periductal elastosis, intraductal calcification, and focal fibrosis) accord-
ing to the criteria of Page et al*’ (Appendix A).

In a second stage of review, slides were screened by MT for possible hyperplas-
tic lesions according to the criteria of Black and Chabon.*® A separate panel of
pathologists (ES, ST, TY, MA, and GS) was then asked to confirm or reject the
diagnosis of hyperplasia.

Finally, the slides with hyperplasia diagnosed by the Black and Chabon
system, and found to be level 2 or above, including more advanced cases of
hyperplasia up to and including those suggesting features of carcinoma in situ,
were reviewed once more by MT and DLP, and the confirmed slides were
classified as mild hyperplasia of the usual type, moderate and florid hyperplasia
of the usual type (Figures 1 and 2), and atypical hyperplasia of the lobular and
ductal type (Figures 3 and 4) by the criteria of Page and Rogers'® 1929 (Appendix
B). The latter two of these classes, combined with sclerosing adenosis as “prolif-
erative disease [not otherwise specified (NOS)],” have been found by Dupont and
Page to be associated in North American women with increased breast-cancer
risk after diagnosis from biopsy, whereas the first category has not.'8:30

Statistical analysis

The study was designed as a retrospective cohort study, in which all available
high-dose autopsy subjects were included and sufficient low-dose subjects were
selected, of comparable ages ATB and at death, to support useful comparisons by
radiation dose. Estimates were obtained using the GMBO (general models for
binomial outcomes) program from the EPICURE package of statistical programs
for analyses of epidemiological data.’!

In the analysis, the presence or absence of a particular pathological finding
was assumed to correspond to a Bernoulli variable with probability p, where p
depended upon radiation dose D (DS86 breast-tissue dose equivalent in sievert)

Table 2. Numbers of subjects and breasts represented by tissue at various stages of
selection

High-dose group Low-dose group Total

Selection stage Subjects Breasts  Subjects Breasts  Subjects Breasts
Initial selection 127 292 419
Available for study 98 177 233 423 331 600
Usable tissue 98 173 230 413 326 586
Without metastatic

cancer 95 171 228 409 323 580
With DS86 dose

estimate 88 160 225 405 313 565

Note: DS86 = Dosimetry System 1986
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Table 3. Distribution of selected autopsy subjects and examined breasts, by age at the
time of the bombings (ATB) and dose category.

Number of examined breasts

Age ATB (yr) High-dose Low-dose Total
<40 30 (17) 105 (57) 135 (74)
40-49 49 (27) 118 (69) 167 (96)
=50 81 (44) 182 (99) 263 (143)

Note: The numbers of subjects are shown in parentheses.

and various covariates, represented here by the generic multivariate vector Z.
Specifically, p was modeled in terms of the odds, as follows:

p/(1-p) = exp(a’Z)(1 + 6D), (1)

where o is a vector of parameters corresponding to the coordinates of Z, and & is
the excess relative odds per sievert. Risk was modeled as a linear function of D
because that is the relationship observed in studies of breast-cancer incidence.
The linear dose-response coefficient & is of course the parameter of interest, and
the function of the parameters represented by o is to adjust the dose-response
analysis for possible confounding with other variables such as age, number of
blocks, or breast side. Parallel analyses were also done using T65D breast-tissue
dose and by modeling an exponential, as opposed to linear, dose response; no
remarkably different findings were obtained, however, and the results of the
alternative analyses are not reported.

The sampling unit for the main analysis was breasts examined rather than
autopsy subjects. Correlations between two breasts from the same case with
respect to an outcome variable were ignored; that is, it was assumed that twice
as much information was obtained by examining two breasts from the same
woman as was obtained by examining only one. At the worst, assuming perfect
correlation between breasts, correction would involve an increase of about 30%
in the standard error of the estimated log odds ratio (OR), given the proportion
of single breasts in the present study. Perfect correlation, however, is most
unlikely, and the practical consequences of ignoring correlation appear to be
unimportant. For example, the likelihood of finding a second breast cancer in the
biopsied contralateral breast of a breast-cancer case at the time of mastectomy
has been estimated at 8% to 15%.%% That is a substantial risk, but the correction
to the standard error of the OR for breast cancer, if that were an outcome in this
study, would be negligible.

A supplementary analysis was also performed, in which the sampling unit was
autopsy subjects. Here, a positive finding was defined as the presence of a
particular lesion in at least one of the breasts examined for that subject, and the
number of breasts examined was included in the analysis as an adjustment
factor. This analysis was included mainly to minimize the possibility that the
presence of certain lesions might be highly correlated between the two breasts of
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individual subjects; thus, a positive association in the more sensitive analysis
based on breasts might be questioned if it were not reflected in the less sensitive
analysis based on subjects.

The analyses presented were in terms of DS86 dose equivalent, with an
assumed neutron relative biological effectiveness (RBE) of 10. Analyses in which
4 Sy was substituted for all dose equivalents above that value were also per-
formed, with results virtually identical to those presented.

Results

Prevalence of nonproliferative lesions was found to increase significantly with
increasing age at death and (not surprisingly) number of paraffin blocks available
for review. It did not vary consistently between left and right breasts but was
significantly greater in breast tissue whose side was not recorded. The prevalence
of proliferative disease increased significantly with number of paraffin blocks but
decreased, again significantly, with increasing age; it did not vary by breast side
or by whether side was known. Accordingly, age at death, number of paraffin
blocks, and breast side were used as covariates in the dose-response analyses for
nonproliferative disease, and age and number of blocks were used in the analyses
for proliferative disease. The supplementary analyses based on subjects, how-
ever, were stratified by age at death and by the number of examined breasts per
subject. Trends of marginal statistical significance (p is slightly greater than .05)
were obtained for calendar year of autopsy or, equivalently, time from A-bomb

Table 4. Distribution of subjects and examined breasts, by dose category and age at
death

Number of examined breasts

Age at death (yr) High-dose Low-dose Total
21-30 0 (0) 4 (2) 4 (2)
31-35 2(1) 6 (3) 8 (4)
36-40 2 (1) 10 (5) 12 (6)
41-45 4 (2) 11 (6) 15 (8)
46-50 6 (3) 18 (10) 24 (13)
51-55 4 (3) 19 (10) 23 (13)
56-60 7 (4) 13 (10) 20 (14)
61-65 12 (7) 34 (21) 46 (28)
66-70 30 (16) 71 (39) 101 (55)
71-75 24 (13) 67 (37) 91 (50)
76-80 35 (20) 78 (41) 113 (61)

=81 34 (18) 74 (41) 108 (59)

Note: The numbers of subjects are shown in parentheses.
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Figure 1. Florid hyperplasia, usual type, without atypia. Note slitlike lumina between
cells and slight variable nuclear shapes among both epithelial and myoepithelial cells

(x 200).

Figure 2. Mild hyperplasia without atypia. The number of cells within acini increases
slightly (x 200).
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Figure 3. Atypical ductal hyperplasia, closely approximating the features of noncomedo
ductal carcinoma in situ (x 150).

e TN )

Figure 4. Atypical lobular hyperplasia, closely approximating the features of lobular
carcinoma in situ (x 200).
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exposure to autopsy; the trend was negative for nonproliferative disease and
positive for proliferative disease NOS. It made little difference whether age and
number of blocks were fitted as quadratic functions or represented by categorical
variables, and the results reported here correspond to the following model for
nonproliferative disease:

p/(1—p) = exp(oy + PBp +Yg + EY)(1 + OD), (2)

where 0,, By, and yg are unknown parameters indexed by A, B, and S, and A
corresponds to intervals of age at death (<30, 30-34, 35-39, . . ., 75-79, 280 yr),
B to number of paraffin blocks available (not recorded, 1-3, 4-6, 7-18), and S to
breast side (right, left, unknown). Year of autopsy (Y¥) and radiation dose (D) were
treated as continuous variables with unknown parameters & and 8, respectively.
The model for proliferative disease was identical, except that y5 was not included
(parallel analyses were also done using the same model as that used for nonpro-
liferative disease, and, as expected, there was no difference in the results).

As shown in Table 5a, numerous nonproliferative lesions were found, with
many breasts having more than one kind. Eighty-one percent of high-dose breasts
and 74% of low-dose breasts had one or more nonproliferative lesions of some
type, and a statistically suggestive association with radiation dose was found
(two-tailed p = .066, OR = 1.25 at 1 Sv, with 90% confidence limits 1.01 and 1.67;
in the supplementary analysis, p = .32 and OR = 1.21). Among the specific types
of lesion, only acinar dilation, which was found in 56% of high-dose and 46% of
low-dose breasts, was suggestively increased with increasing dose (p = .065,
OR = 1.20 at 1 Sv with confidence limits 1.01 and 1.49; supplementary analysis
p=.071, OR =1.33). Mild hyperplasia, unaccompanied by more severe forms, was
unrelated to dose (Table 5b).

Proliferative disease (NOS) was elevated somewhat among the high-dose
breasts (16% vs 11%), with a statistically suggestive dose response (p = .070, OR
=1.29 at 1 Sv with 90% confidence limits 1.01 and 1.78; supplementary analysis
p = .088, OR = 1.35). Within that group, however, no association was seen for
sclerosing adenosis (p = .61, OR = 1.12) or for moderate and florid hyperplasia
(p = .60, OR = 1.08). Atypical hyperplasia was relatively rare but significantly
associated with dose (p =.040, OR = 1.62 at 1 Sv, 90% confidence limits 1.07 and
2.92; supplementary analysis p = .13, OR = 1.57). The general class of hyper-
plasia, including the mild form, was significantly elevated at high dose levels
(p =.011, OR = 1.33 with confidence limits 1.08 and 1.68; supplementary analysis
p =.051, OR = 1.33) (Tables 5a and 5b).

The observed variation by age ATB of the estimated dose-response coefficients
for nonproliferative disease and the various types of proliferative disease (Table
6a) is of some interest. For nonproliferative disease, there was a statistically
significant (two-tailed p = .029) increasing trend in dose response with increasing
age ATB; the coefficients for ages 40—49 and 250 ATB were of similar magnitude
and reached suggestive levels of significance, whereas the estimated dose-related
excess for lower exposure ages was negative. The values for acinar dilation, which
was present in most of the cases with nonproliferative disease, were somewhat
similar in pattern, with a significant excess for ages 4049 ATB but no evident
excess associated with exposure after age 50. Prevalence of proliferative disease

10
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(NOS), of hyperplasia in general, including the mild form, and of atypical
hyperplasia in particular were significantly elevated at high doses only for
women 40—49 years old ATB, although the finding for hyperplasia was based on
only four high-dose breasts (in four women) and no low-dose breasts. The OR for
the cohort age 40-49 ATB was elevated for moderate or florid hyperplasia, but
not significantly. For none of these outcomes, however, was there statistically
significant nonhomogeneity among the three age-ATB cohorts with respect to
level of dose response. The supplemental analyses (shown in the supplements to
the tables) in terms of subjects rather than breasts were generally similar to
those presented in Table 6a, except that the findings just described for nonpro-
liferative disease were echoed only faintly in the supplementary analysis; those
for proliferative disease gave similar estimates when based on subjects and were
nearly as strong in terms of p values.

Table 5a. Dose-response analyses for nonproliferative and proliferative lesions, all
ages al the time of the bombings based on the number of breasts

Estimated odds ratio (OR)

Number of at 1 Sv, with 90%
positive breasts confidence limits
High- Low- 2-tailed
Diagnosis dose dose OR Lower Upper pvalue
Nonproliferative lesions 130 300 1.252 1.01 1.67 .068
Cysts 22 50 1.001 NC 1.25 .84
Acinar dilation 90 187 1.198 1.01 1.49 .065
Fibroadenoma 3 5 1.137 NC 3.48 .81
Apocrine change 44 95 1.041 0.89 1.29 72
Papillary apocrine change 18 20 1.456 0.98 2.38 .13
Periductal elastosis 52 98 1.134 0.96 1.42 .24
Intraductal calcification 8 16 1.048 NC 1571 .84
Focal fibrosis 54 119 1.051 0.91 1.31 .65
Mild hyperplasia 40 82 1.160 0.96 1.48 .22
Proliferative disease (NCS) 25 43 1.289 1.01 1.78 .070
Sclerosing adenosis 4 9 1.123 NC 2.08 .61
Moderate and florid 14 29 1.079 0.90 1.5% .80
hyperplasia
Atypical hyperplasia 10 12 1.622 1.07 2.92 .040

Hyperplasia (including mild) 64 123 1325 1.08 1.68 .01

Note: NC = confidence limit could not be calculated; NOS = not otherwise specified.

11
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Table 5b. Selected dose-response analyses for nonproliferative and proliferative
lesions, all ages at the time of the bombings and based on the number of subjects

Estimated odds ratio (OR)

Number of at 1 Sv, with 90%
positive subjects confidence limits
High- Low- 2-tailed
Diagnosis dose dose OR Lower Upper pvalue
Nonproliferative lesions 78 183 1.210 0.92 1.92 32
Acinar dilation 58 124 1.331 1.02 1.90 .071
Mild hyperplasia 29 65 1.017 NC 1.36 .91
Proliferative disease (NOS) 20 35 1.353 1.01 2.06 .088
Sclerosing adenosis 4 8 1:123 NC 2.08 .61
Moderate and florid 14 25 1.159 0.91 1.79 42
hyperplasia
Atypical hyperplasia 8 1 1.568 0.98 3.21 .13
Hyperplasia (including mild) 44 89 1.332 1.04 1.85 .051

Note: NC = Confidence limit could not be calculated; NOS = not otherwise specified.

Discussion

The epidemiological association between risk of female breast cancer and
radiation dose is by now well established and is one of the strongest that has been
made in studies based in particular on the LSS sample.* That finding may have
a parallel in the much weaker association between dose and increased prevalence
of nonproliferative and proliferative disease found in the present investigation of
breast tissue obtained at autopsy. The cancer excess, however, appears to be
confined mainly to women exposed before age 40, whereas evidence from the
present study of a dose response for nonproliferative and, especially, proliferative
disease is strongest for ages 40-49 ATB.

Our findings suggest that radiation exposure may be associated with increased
prevalence of nonproliferative breast disease. That finding was only weakly
replicated, however, in the supplementary analysis based on subjects rather than
breasts. In the absence of any known association between such lesions and cancer
or proliferative disease, this marginal finding can only be added to the relatively
small, but increasingly controversial, body of information linking radiation with
non-neoplastic disease.?*

Our other finding, of an association between radiation and proliferative dis-
ease in general, and between radiation and atypical hyperplasia in particular, is
of more immediate interest because of the possibility that the finding may be
related to the better established association of radiation dose with cancer risk.
If, as it appears from other evidence,'®!? the various levels of epithelial hyper-
plasia are steps in the development of breast carcinoma, then it is likely that

12
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radiation-induced cases begin in the same way. It would appear from our data
that the risk of precursor lesions may be increased by radiation exposure even
during the fifth decade of life. Lesions induced at that age may, however, be less
likely to develop into breast cancer because of the reduction in hormonal activity
associated with the menopause; that is, there may be fewer opportunities for
hormonal promotion than exist for lesions induced by exposures at lower ages.
Simpson et al? have hypothesized, on the basis of age-related considerations
of tumor kinetics and differentiation, prognosis, and cancer epidemiology, that

Table 6a. Dose-response analyses for nonproliferative and proliferative lesions, by
age at the time of the bombings (ATB) and based on the number of breasts

Estimated odds ratio (OR)

No. of positive at 1 Sv, with 80%
breasts confidence limits
Age High- Low- 2-tailed
Diagnosis ATB (yr) dose dose OR Lower Upper pvalue
Nonproliferative 0-39 24 82 0.850 NC 1.46 ;52
Ieslons 40-49 39 85 1.384 1.01 241 079
=50 67 133 1.346 0.96 2.15 15
Acinar dilation 0-39 15 56 0.955 0.86 1.30 74
40-49 31 42 1.532 1.09 2.52 .028
=50 44 89 1.231 0.95 1.71 .23
Mild hyperplasia  0-39 9 28 1.029  NC 1.62 .90
40-49 10 21 1.180 0.92 1.72 .33
=50 21 33 1.254 0.89 1.87 31
Proliferative 0-39 6 17 1.095 0.90 1.68 T
disease (NOS) 45 49 12 11 2.058 120 3.79  .0087
=50 7 15 1.082 NC 1.98 .80
Moderate 0-39 4 9 0.850 NC 1.31 31
ﬁ;;’g:ﬁasia 40-49 7 11 143 096 256 .14
=50 3 9 0.885 NC 1.85 .74
Atypical 0-39 2 7 1.316 0.93 2.66 .24
hyparplacia 40-49 4 0 4524 139 153 015
=50 4 5 1.690 NC 5.52 34
Hyperplasia 0-39 15 44 1.116 NG 1.64 48
(neluding miid) 4549 24 32 1.640 1.5 254 0086
=50 28 47 1.284 0.92 1.90 .23

Note: NC = Confidence limit could not be calculated; NOS = not otherwise specified.
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Table 6b. Dose-response analyses for nonproliferative and proliferative lesions, by
age at the time of the bombings (ATB) and based on the number of subjects

Estimated odds ratio (OR)

No. of positive at 1 Sv, with 90%
subjects confidence limits
Age High- Low- 2-tailed
Diagnosis ATB (yr) dose dose OR Lower Upper pvalue
Nonproliferative 0-39 15 49 0.850 NC 1.64 .22
asiong 40-49 28 53 1.268 091 273 .36
=50 38 78 1.316 0.87 2.76 37
Acinar dilation 0-39 11 35 1.277 0.87 2.96 .43
40-49 19 29 1.497 0.96 2.15 15
=50 28 60 1.271 0.89 2.09 .23
Mild hyperplasia  0-39 7 23 0.882 NC 1.56 .63
40-49 7 17 1.011 NC 1.52 .85
=50 15 25 1.192 NC 2.07 .38
Proliferative 0-39 5 13 1.071 0.88 2.13 .78
disease (NOS) 4549 o 10 1756 1.07  3.49 047
>50 6 12 1.263 NC  2.65 .52
Moderate 0-39 4 8 0.850 NC 1.37 .29
orflend 40-49 7 10 1529 098  3.05 .12
hyperplasia ’
=50 3 7 1.026 NC NC .96
Atypical 0-39 1 7 1.074 0.87 2.28 45
hypeyplasia 40-49 3 0 2935 1.01 109  .095
>50 4 4 2.743 0.94 10.9 .13
Hyperplasia 0-39 9 30 1.038 0.87 1.74 .85
(including mild) 40 49 46 24 1787 113 333  .021
=50 19 35 1.281 NC 2.18 .36

Note: NC = confidence limit could not be calculated; NOS = not otherwise speciied.

all or most clinical breast cancers are initiated before menopause. In support of
this hypothesis, they observe that tumor growth rates tend to be lower, survival
times tend to be longer (adjusted for expected remaining lifespan), and tumor
differentiation tends to be greater with increasing age at diagnosis, and that the
relative risk of radiation-induced breast cancer decreases strongly with increas-
ing age at exposure. Tokunaga et al4 have proposed that the latter finding may
be ascribed to the relative lengths of time following irradiation available for

14
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hormonal stimulation of cancers initiated by radiation at various ages. In the
present results, we are faced with a seeming paradox with respect to the cohort
age 40—49 ATB: there is some evidence of a radiation-related excess of prolifera-
tive lesions of a type that, in other populations, has been associated with
increased breast-cancer risk, but cancer incidence and mortality data show no
evidence of a radiation-related excess of breast cancer. As a possible explanation,
we offer the conjecture that the radiation-related excess of proliferative disease
that we observed in the cohort age 4049 ATB, if it is real, is composed largely of
lesions that might have developed into carcinomas if they had received more
hormonal stimulation after initiation, or been subject to other early-stage
changes, but that did not because, in these women, the menopause and its
associated hormonal changes followed exposure by only a few years.

Russo et al*®-38 although recognizing the promoting role of sex hormones, have
emphasized the level of differentiation of mammary-tissue cells at the time of
exposure. In a series of experimental studies, they observed very high levels of
mammary cancer induction in young virgin Sprague-Dawley rats following expo-
sure to 7, 12 dimethylbenzanthracene, but cancer induction decreased with
increasing age at exposure. Exposure of parous animals resulted in fewer can-
cers, and there was a similar decrease with exposure age. The frequency of benign
tumors, however, was lowest following exposure at early ages, and increased with
age at exposure. Russo et al note that completed pregnancy and lactation result
in marked differentiation and that with each estrous cycle, even without impreg-
nation, there is an incremental, and permanent, process of cell differentiation.
Thus the mix of undifferentiated and differentiated cells changes with age and
reproductive history, and it was hypothesized that the less differentiated cells
are more vulnerable to carcinogenesis, whereas the more differentiated cells tend
to give rise to benign lesions.

It seems possible that two processes might be involved in the case of the
A-bomb survivors. That is, the observed pattern may reflect both a decline in the
number of undifferentiated target cells with increasing age and reduced oppor-
tunity for hormonal promotion following exposure.

In passing, we note that, although prevalence of mild hyperplasia unaccom-
panied by the more severe forms was only very weakly, if at all, related to
radiation dose, the statistically strongest associations with dose were those for
all forms of hyperplasia combined, for all ages and for ages 40-49 ATB. Presum-
ably this merely reflects larger numbers of positive cases and the well-known
statistical tendency for several weakly positive results, when combined, to yield
a stronger association. The finding would be of more interest if, for example, it
should be demonstrated that mild hyperplasia is predictive of breast cancer
among Japanese women.

The findings with respect to proliferative disease and radiation dose are
interesting, and it clearly would be desirable to repeat or expand the study using
new material. Unfortunately, it is likely that we used nearly all of the material
available in 1983, when the subjects were selected. Also, there has been a drastic
decline in autopsy rates in the LSS sample, leading to the termination in 1979 of
efforts by RERF to procure autopsy cases. Although access to pathological
materials from cancer cases is facilitated by the tissue registries of Hiroshima
Prefecture and Nagasaki City, it may be virtually impossible to assemble another
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collection of stored breast tissue from noncancer cases in an irradiated popula-
tion.
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Appendix A. Classification Criteria for Nonproliferative Lesions

Cyst. Includes macroscopical and microscopical cysts, which are round, epi-
thelial-lined, empty lesions with or without eosinophilic fluids. These lesions
usually have no obvious relation to the expected site of a duct or lobule and are
usually at least 0.5 mm in diameter. Dilated ductules commonly observed in the
outer part of the lobular units are excluded.

Acinar dilation. Includes the most minimal changes accepted as representing
fibrocystic disease. Irregularly dilated acini or terminal ducts are usually joined
to the ductal-lobular units, including most lesions usually called blunt-duct
adenosis (called duct ectasia by Page et al,?? but not here because of other,
common uses of that term).

Fibroadenoma. Includes only tumors over 4 mm in diameter.

Apocrine change. Refers to a characteristic change in the epithelium to large,
tall cells with abundant eosinophilic cytoplasm.

Papillary apocrine change. Apocrine cells project into a central space in groups
at least 2 or 3 cells thick.

Periductal elastosis. Abnormal increase of the elastic fibers around the ducts.

Intraductal calcification. Epithelial-related intraductal calcification similar to
that usually observed in proliferative epithelial lesions.

Focal fibrosis. Scarlike fibrotic lesions with atrophic ductal-lobular units.

Appendix B. Classification Criteria for Proliferative Lesions

Sclerosing adenosis. Involved lobular units are enlarged to at least twice their
usual diameter. Component glands are more numerous, and, in addition, their
overall lobular pattern is in disarray, with distortion of the individual glandular
spaces. There is necessarily fibrotic alteration of the specialized connective tissue
of the lobule.

Moderate and florid hyperplasia of the usual type, without atypia suggestive of
carcinoma in situ. The proliferated epithelial cells occupy more than 70% of the
distended duct, bridging the involved ducts. The component cells do not have the
cytological appearance of lobular or apocrinelike lesions. This category is termed
“epitheliosis” by Azzopardi®® (pp 113-49, 192-239) and is compatible with the
atypical lobular Type A-III lesions of Wellings et al 20 Papillomas are included.

Atypical ductal hyperplasia of the ductal and lobular type. Severe epithelial
hyperplasia of the ducts without all of the requisite features of ductal carcinoma
in situ according to the criteria of Azzopardi.®® Atypical lobular hyperplasia is
regarded as a lesser example of lobular carcinoma in situ.%4!
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BB E R it

SR BB A5 L HEE e R R
%1 @EOER 127 292 419
BAEFTHER 98 177 233 423 331 600
Mk 2AY (C 1R I PTHE 96 173 230 413 326 586
P
RO BREROM a5 171 228 409 323 580
DSB6 #EE B &

2 4 31 565

e 88 160 225 05 3

ik: DSBB = 1988 FHREMBI AT A
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%3, BRENCHUBHRBERFSNELROWERERS S THREHNIH

eSS
TR i iR B it
<40 30 (17) 106 (67) 135 (74)
40-49 49 (27) 118 (69) 167 (96)
250 81 (44) 182 (99) 263 (143)

E A RBREEBALTT

RIS MR

4 ~T OB R AERE AT, HE 3mm oMY It b, B OMARZEN
FNEC > TR Utz 785 74 ¥ 70y ZRRBEMICOE 205 34 ORT, P
104 TH 70 BEFB.8TIHDAT A FHMEREN, $XTOR T A Fidd 5FiDHh
b L ORISR S A 2 o HIz 2 AOFRIEIEE (MT & YA IC K W% IKRFIE 1
72o Page &7 ORAE (8 A) ITHE > TIRMRG L A 7 9 A 7 (3, IRFFIER, REfbek
IS, SERRT, 7422 U AL, FLEHRT A2 ) oAb, EAPRRGMEE, FLEM AL,
BRMERE) Iz pH I hic,

BEt OB~ BT, Black & Chabon® O REAEITH - TWRMMMNEL S 20 &30 %2R
AZOMT RS A KA~ Fhd SBloEEEH S (ES, ST, TY, MA, GS) iz 8%
2 =MET s hTET 20 EMS 1,

f4#1z, Black & Chabon Y 27 Al k - THIEKTH 5 LB h, LRNEORMHT%
iz iz bOEaHlk 0T L BERRE LRV 2ULETH 5 EBD LN T A P,
55— MT & DLP o & » TR S N1z, Page & Rogers'™'®® (f{§ B) D #HAE T
X v, iy A FOBREDBIER, By A 7 ORRES & CBIEMEHER R L, 2), /NE
5 RS o RALBIZK (X 3, 4) 238 & i, TR RZ (not otherwise specified,
NOS) | & UTH LI £ a0 LcBE 0 2> W T, ARITHES < Wi RIEK LK
Pz B 23D Y Z 2 OMMIcBER S % 2 &4 Dupont & Page it &k » THEREES N TH
375, BIEONEITIEE S V> LBIRREE S ATV

TR

TR D A — FEA S U O & Nz, FEIT AR aR R IR R O
FARTEGYD, Hi RSB O A4 5 fod IS HHRRTR & RS —X T 5 &
5RO R ARAR, HEEMRIEYET— 7T 7o 7 5 LOEPICURE
)€y i — @ GMBO 71 # 5 4 (general models for binomial outcomes)® %
WTiGohls,
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W T, RO PERIE R OE IEiEE p O Bernoulli 8 & 25t g 2, p SO
SEYD (Sv 29 5 DS86 FUiHHAR ) 4 OB HMic kL, T TR—RNRE
DR ZicE hEBans, i, pliAd v OISR TOLE S IcEFMES NI,

b/ (1 —p)=-exp(aZ)(1+6D) (1)

SITRaBNIA—IORI 7 —TLOMEEE—HLTHH, 613 1Sv Y7z b ORI
v X THb, VAZZDD—WHEEE LTEFMLE NIz, T OBFREFLIAREA R A
THEINTVLS, HELASA 7R bB2A-KIBHENRBOTH D, alztk Dtk
ANBTA— 5 OBRGEIRIEN, 7oy 78, AIE E DML & DIHEIC D DTN
JEMT A BT 27: 006D TH B, WiTLT, TE5D FLIRMA#R A A M L, SRIEMEIX
It LTI R RIS O B F IS X 20 b 17 - 7248, WiFEBERon o7,
Z ORI OFER IS LT,

FRRPTIC IR SRR L D 3T LAFIREARAR E LT Lo #ROLRIZO0T
EE—EAO > ORI OHBEBRIEMN Uiz 2% 0, B—0&d s > OFIRAKA
LT etiid, —o DR G ARA L TR EO 251 LA S 8IE L, BEDHE;
&, SR e & SHBMEEEE L, AHEAIHRIZ LA NOA0FIROEIGEE A
hif, BElzk T o 74 v KHOBBERERN 30 %EEWINT 5, LHL, 8REL
HIBIBER IR 5 D Lo T, HRIMIREME LT EREHERIECRWEBA 3, HIZE

F4. WREFERBSHICUBOECEER CMERN S

BRI

FETC FRAF fih iR ERRE it
21-30 0 O 4 (2 4 (@)
31-35 2 M 6 3 8 (4
36-40 2 D 0 & 12 ®
41-45 4 @ 1 (6 15 (8
46-50 8 18 (10 24 (13)
b1 ~5Bb 4 (D 19 (10 23 (13)
56-60 T4 13 (10 20 (14
61-65 12 (1) 34 (21) 46 (28)
66-T70 30 (16) 7 (39 101 (85)
T1=T5 24 (13) 87 (3T 91 (B0
76-80 35 (20) 78 (41) 113 61

z81 34 (18) 74 (41) 108 (59)
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2. BEMOEWEEOBEN. BEAOMIEEHTHICIEM=200).
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AL DB s FUFE S O S SZLIR O R T IR LB AT d 2 alfEtid 8 % & 16% & #E
EERTVERE ChIBAERYRITHELD, HEATNBIOTE» SBONER
72ELTDH, o4 v XL (OR) ORI gEME DI IFRMETE 2 TH S 9,

BB RAMAELRA L LRSI 1T - oo © 2T, MEENBHTRE, kA2
BHHREDDIE &b OARICFEDHENHFIET HZ L TH S LER L, AR
AN & LTz, JoRTidsd 2 BoRENNREOMIAERICED 5
hala, WHORICEH D152 @ WHBBERER/NRIcE ED 57T fe LichisT,
HRATHES HE HBED R WO TRE L EOBRARE NS TN, BiclE-S
Wic K O BURIS T R IR OBIfRICIZBER] 2 Ff > T W &b B,

P28 L 2o i th it o 2 s B LE A 10 & L, DS86 M XMER A2 H W TIT » 72,
BRGPEAN A4Sy A G, TXTASvY & LT biTo 720 FORRBEENICZZ
TR ERBEO D DTH - 72,

fm R

JEHIRPERG 2 DT R IZ LT IAER A LA B icoh, £ LT (URLAL)IKMGITE /35
TZ4rToy 2B NEEMNGT I ERN s, KAOHBRMTIE—HUTEIENI
SN o 2o, IR ERE LD » 2B TR EEL RN R oz, HhEEmw
BOERBRII NS 74 » 7oy 2 e LbicEERMNL, FHALENZ K20 THEICHE
WUtz BB ESLUDHDTH->TH, ZLAWHPLTOELSTHE(R LI %, L
feio T, MMM, 25 74 v 7oy 78, HIROMm 2128 & L TIHEMYRZED
BRBUSMT R L, it e 7 oy 2 BRI Z ORIt TR L, L L, HR#A
SRR RN TSI RH & ST FE M, BARFLIRBIC L h BIME L7z, SIROE
FE R BEENES ST E COMBIc o W Th L HEHICERLEN @I.06 kDb
FTA)DE SN, [N IR I L TR TH b, WL (NOS) i LT
BIETh 7. FHE 7oy 7BAECKAKELTHTRHTS, H50VRATIT) ALK
MBI LT, ZEAEERNE, s, Z CIHET 2RI Z BT 2 KD
EFMHIETHLDTH 5.

p/(1-p) = explay, +Bp+ 75+ EY)(1+dD) (2)

aun BpLrsit, A, B, STIRENBZRHOD/I5 A -2 THH, AR RN (<30, 3034,
35-39, ..., 7679, 280) DX, Bi3/*3 74+ » 7o v 7R GEHL L, 1-8, 4-86,
T—-18), SFFLMROLLE (G, £, A ZRT, HIRE(Y) & BRI (D) RIMD /5
A—FELSARFNENE T 2k U £ E LT - 7o, WRIMEMZEDOEF Vidrs %
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SATWILNWT &AL L Th 5 FERMRE R ashcET NV EE CEFLER
W 2T AT LT b A, R O 583 8 o 72) e

#bailm iz Sz, £< OIMMEMRENRE 220, £ < ORI E I OWI LA
Ufco SR EtaLIs o 81% &AL RIS O T4% A3 & A D IR 22 2 18k » TH D,
O A & ORMEASE IS R S h i (flRE p = .066, 1Sv TOR = 1.25, 90 %{5H
FREL1.01 & 1.67, s cldp =.32, OR=1.21), HEOMBOMELD 5 b, St
LI T 56 %, (EHEIIRTA6 BER ENLIRFEIIROS, Faoine & bicng s
CAVRME X N (EHMRA 1.01 & 1.49 T 1Sv Tk p =.065, OR = 1.20, 2T T3
p=.071,0R = 1.33), TR DIERZE DL OEEOBIEMITERE & B LW (& 5b),

% 5a. JFRFIKEE L WAMERECAT 3RBRICRNT. SHEBRER, JRMICETC
1Sv To#EA v XL (OR)

iS00 FLAR SR (90 % {ERAPR 57) e

A2 Hh B E EfE Fdw Xl TR LR p f#

JEIMTETE R BE 130 300 1.252 1.01 1.67 .066
- 3 22 50 1.001 NC 1.25 .84

BRIk 90 187 1.198 1.01 1.49 .085
R B A 8 5 1.137 NC 3.48 81
e UzEE 44 95 1.041 0.89 1.29 T2
FERRTRZ U e&E 18 20 1.456 0.98 2.38 A3
[ B3N D AR HERE 52 98 1.134 0.96 1.42 .24
HEARKL 8 16 1.048 NC 1.71 .84
FRUERE 54 119 1.0561 0.91 1.31 .65
HE DB 40 82 1.160 0.98 1.48 22

WFEEREE (NOS) 25 43 1.289 1.01 1.78 .070
WAL RRAE 4 9 1.123 NC 2.08 B1
;Eﬁﬁ&ff&?ﬁﬁﬂ 14 28 1.079 0.90 1.51 .60

RALBEAL 10 12 1.622 1.07 292 .040
B (BEEE0) 64 123 1.325 1.08 1.68 .01

i NC = {EHRFEHETE A>Tz NOS =F#HFA
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#5b. JFMTEMRE & IEUAEICRT BRI BRIS T, SWBISER HRBERICES|

1Sv To#EA » X (OR)
B o e (90 %{EHRF)
) — g
2 M iR {Ei R #w XLk TFAR R p{#
JEM B s 2 76 183 1.210 0.92 1.92 32
iR BLE 58 124 1.331 1.02 1.90 071
BEOBER 29 65 1.017 NC 1.36 91
WHEMRZE (NOS) 20 35 1.353 1.01 2.06 .088
BE ALt B 4 8 1.123 NG 2.08 81
HIZEH L URTE
14 , . g
MR 25 1.159 0.91 1.79 42
RIEFR 8 1 1.568 0.98 3.21 13
B (BEEET) 44 89 1.332 1.04 1.85 051

E EHRREHETE LD . NOS = HHIR9

HRVERZE (NOS) ik SR i PR TIE 1 n L (16% %} 11%), kit (p = .070,
90%EWPRA 1.01 £ 1.78 TOR = 1.29, WMt p =.088, OR=1.35)0H 32 &%
AR LT WS, LA L, 204 —7RTE, ELEEEE(p = .61, OR=1.12)%
HHEERE I & OBIE B HZAR (p = .60, OR = 1.08) TR S BRI R o hidd » 7, RELE
TERE LRI E N T H - 2o, Bid S REEER > T (p =.040, 1SvTOR = 1.62,
0% EWIFHA 1.07 & 2.92, FEMHTITIE L =.13, OR = 1.57), BEOIEIRESLER D
MR SRR LAV TEEICHIN LT W A (GHPRA 1.08 & 1.68Tp = .011, OR = 1.33,
KM p = .051, OR = 1.83) (¥ 5a HLU5b),

RN L B K OB 2 12 5 A 7 OIRPERRZE (3 6a) O HEE R kSO AL D P s 47 i
Bl BEE S N AT RKRER O IEHAEPERRZE T, BN R RGN AE O AR R I #E R
HINZ RS (U HERGE p = .029) A R oz, PRI 40— 4958 & 50U L5 &

GHEE AR BB 2 o fo, IR DIERI D @E & A E TR SN 5 REHEED
itk Ry — e MMUTE D, BRI TR 4049 T A ELEEA S 2%, 505ELIHE
CUR B & B L o A O WA (NOS) O BRI DR % & & — Mk 78 @Iz ik,
B & OHF I FELA TR O R, BB 40 - A9 O KM T O L EBRETHEIC L
Atz 7072 URAEITER O R s EtELIR 4 0) (Kt 4 N O & o5 &, [KEREFLIRIE
RSN o to, WIRFFER 40-49 0 2K — b @ OR [FrhEREE & BITEMIERL Tl B
T4, AMTIEREZL, LhL, ChoDEROWTFRIZBVWT S, =2 O RIFERD
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ah— FCRERRIE LA NI BB B - 7c. ARTIRE CHR
F i < TEMT (b & UTR UL TH 3 ) I3 BRI L I > O T ORib O B2 5 < I
ML TOEWT EERFE, %6a bl UThd b, WAL ORBT @R Ik
Sintla s, FUES AHEM%Z 2oL, pICBLTRALALFEREDOHEE TS %,

£ B

LD FLES & OB & ORE R BIR IR E ISz S M T B 0, T LSS AT IS <
WHROD TR HMRUEDOE N bDD—2ThH 5" HIRTE &N A FURARZ W - 72 A
T, IS & ORI Z O R R ORI & At & OBIRASHIE & D & 2 S50

% 6a. FFMAEMAE & MMMIRZECRT 3B RITET. WREERS, FLIRMICET <
15v ToEEA v Xt (OR)

5 1 o0 BLAR &R (90 %IEHRA) TR
Eo i ISR SWE ERE 4o XW TR LR pE
JEHEFH R 2R 0-39 24 82 0.850 NC 1.46 52
40-49 39 85 1.384 1.01 241 079
>50 67 133 1,348 0.96 215 15
R iR 0-39 15 56 0.955 0.88 1.30 T4
40-49 31 42 1532 1.09 2.52 026
=50 44 89 1.231 0.95 1.71 23
BB 0-39 9 28 1.029 NC 1.62 .80
40-49 10 21 1.180 0.92 172 33
250 21 33 1.254 0.89 187 a1
AR 0-39 6 ¥ 1.095 0.90 1.68 57
(NOS) 4049 12 11 2.058 1.20 379 0087
>50 7 15 1.082 NC 1.98 80
hiERER L UM 0-39 4 9 0.850 NC 1.31 31
TEHRETE AL 40— 49 7 11 1.436 0.96 258 .14
=50 3 9 0.885 NC 1.85 74
RABFR 0-39 2 7 1.3186 0.93 2.66 24
40-49 4 0 4524 1.39 15.3 015
=50 4 5 1.890 NC 5.52 34
B (BRES 0-39 15 44 1116 NC 164 48
84) 40~ 49 21 32 1.640 1.15 2.54 0086
=50 28 47 1.284 0.92 1.90 23

i NC ={EHRR AT TCE LD o oo NOS = FHlA
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#6b. JFIMTEILARE & MMAMIRE (LT 3 MERITRIT MBFERT, HREHCET

1Sy To#EAd v X (OR)

Bt B i (90 %{FERR) S—

2 HEISER BME KRB AS.XH TR LR p{
JEHTEE 5 0-39 15 49  0.850 NC 1.64 .22
40-49 23 53  1.268  0.91 273 .36

250 38 78 1316 087 276 .37

MELIE 0-39 11 35  1.277  0.87 2.96 .43
40-49 19 29 1.497  0.96 215 .15

=50 28 60  1.271  0.89 209 .23

E B 0-39 7 23 0.882 NC 156 .63
40-49 7 17 1.011 NC 152 .95

>50 15 25  1.192 NC 207 .38

W 5 2 0-39 5 13 1.071 088 213 .78
(NOS) 40-49 9 10 1756  1.07  3.49  .047
250 6 12 1.263 NC 2.85 .52

GRESLUM  0-39 4 8  0.850 NC 1.37 .29
TEMRAIEZ AL 40-49 7 10 1529 098 305 .12
>50 3 7 1.026 NC NC .96

BIERAL 0-39 1 7 1.074 087 228 .45
40-49 4 0 293  1.01 109 095

=50 4 4 2743 094 109 18

B (REE 0-39 9 30 1.038  0.87 1.74 .85
a0) 40-49 18 24 1787 113 333  .021
250 19 35 1.281 NG 218 .36

& EERFEHEI AL > NOS = 3R

k>R THE0 b Lt U LaddElisas i 40 5RLEL Tl U 7o PRI &
NBDIX U, JEERIE S & 5 I RTPER 2 s> W TR ZoAR T T, SRE DS ek
IRFAF RS 40 — 49 5 O MR i T & 20 d - 1o,

Bx ORI, OGS FLIR R Z O BB ROMINCBIR LT 220 b L
WEEAERELTWA, LU, BURTIRE ORFICE S Ol i Lic 2ol
RIZIVWLDTH o foe TOLHITIRELIME CIIHHMARZE L ORIk d B2 LI
HohTwiaowoT, CoBRROp I, BRGNS OARBICREONIT
D> 5 MRE T AYRBLETHY 2ARIENENZKBELVTHS 5,
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Bl &I SN BB I AL T L ECE G NN EREORS ICERNT S L%
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