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SUMMARY

The pathologic features of breast carcinoma in 161
women in the INIH-ABCC Life Span Study extended
sample were studied for relation to radiation
exposure at the time of the bomb (ATB). Approxi-
mately 7% of the cancers were noninfiltrating
carcinoma, 47% were infiltrating duct carcinoma
not otherwise specified, 21% infiltrating papillary
duct carcinoma, 7% comedo carcinoma, 6%
medullary carcinoma, 6% colloid carcinoma, 4%
lobular carcinoma, and 2% sarcoma. There was no
evidence of a radiation dose relationship for the
proportion of any one histologic type.

Various pathologic features examined in relation to
radiation dose include the presence of more than
one histologic type, the histologic grade (differen-
tiation, pleomorphism, mitotic activity, nuclear
hyperchromatism), lymphocytic and plasmacytic
infiltration, fibrosis, necrosis, circumscription,
calcification, distribution of metastases, local
invasion (vascular, perineural, muscle, skin), and
endocrine organ changes. Of these, the values for
histologic grade, local invasion, necrosis, circum-
scription, and calcification were lower for women
exposed to 50rad or more ATB than in those
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exposed tolittle or no radiation. Apparent histologic
differences between breast carcinoma in Japanese
and American women are discussed.

INTRODUCTION

It is now accepted that breast cancer is increased in
women following exposure to ionizing radiation.
In 1957 Brody and Cullen! described a case of
breast carcinoma occurring 17 years after
mammography with thorotrast. More recent reports
present instances of carcinoma developing after
local irradiation to the female breast®™ and to the
male breast,”® and after atomic radiation.””® In
1965, Mackenzie'® reported that of 271 women in
Nova Scotia who received multiple fluoroscopic
examination during  artificial pneumothorax
treatment for pulmonary tuberculosis, 13 (4.8%)
developed breast cancer while only 1 case developed
among the 570 tuberculosis patients who had not
been fluoroscoped. Myrden and Hiltz!! in a related
study of Nova Scotia women found that 7.3% of
women exposed repeatedly to fluoroscopy
developed breast cancer compared to 0.83% amdng
those not so treated, and that the carcinomas
frequently occurred in the breast on the side that
was fluoroscoped. Comparable studies by Cook et
al'? and Boice and Monson'® have been reported
subsequently. Mettler et al,14 in a New York series
of 606 women treated with X-rays for acute
postpartum mastitis, found 13 cases of breast cancer
instead of the expected 5.86 cases, and in each of
the 5 women who had received only unilateral
treatment the cancer arose in the irradiated breast.
Similar results in a comparable study have been
reported subsequently by Shore et al.”®  Breast
cancer, has also been reported to be associated with
radiation therapy to the chest for acne or
hirsutism.'® In a previous ABCC study Wanebo et
al'’” found 31 women with breast cancer in a sample
of 12,000 atomic bomb survivors in Hiroshima and
Nagasaki; 6 cases of breast cancer were observed
among the women who had received more than
90 rad, in comparison with only 1.53 expected.

The study of breast cancer in female A-bomb
survivors and nonexposed women has now been
expanded to include all 63,275 women in the
Life Span Study (LSS) extended sample. From
all recorded incidence cases in Hiroshima and
Nagasaki over the 20-year-period 1950-69 it was
found that the carcinogenic effect of atomic
radiation on the breast was pgreater than had
previously been seen in mortality data and was
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increasing.'®!® In view of this significant relation-

ship between radiation dose and breast cancer
incidence, it is important to investigate whether
analysis of various associated pathologic findings
might further our understanding of the nature of
this carcinogenic phenomenon. The present report
is concerned with the pathologic features of the
breast cancers in these women and their relation to
radiation dose.

METHODS AND MATERIALS

Selection of the study sample, methods of estimating
radiation dose, and procedures for mortality
surveillance have been described.'”™?! A painstaking
search was made to discover all cases of breast
carcinoma in women in the study cohort by
examining the surgical and pathology records,
reports, and materials in the files of the hospitals,
medical schools, ABCC in Hiroshima and Nagasaki,
and the Tumor Registries of the medical associations
of the two cities, and transcripts of death certificates
for deceased members of the cohort. The incidence
of histologically proven breast cancer cases relative
to the total ascertainment is shown in Figure 1.
The radiation dose distribution for histologically
verified cases and total cases is seen to be similar.
The authors personally confirmed the microscopic
diagnosis by examination of histologic material in
160 (109 biopsies, 51 autopsies) of 231 breast
cancers identified as occurring in this cohort between
1950 and 1969. Adequate pathology reports were
available for an additional 33 cases. Critical
epidemiological evaluation of the total ascertainment
of 231 cases gives no reason to believe that it is
appreciably biased with respect to radiation dose.'®

The histological classification used in this study was
that of McDivitt et al** slightly modified to fit the
material and to permit comparability with two
other major classification systems: the Histological
Typing of Breast Tumors by the World Health
Organization,”® and the Revised Histological
Classification of Human Breast Cancer by the Japan
Subcommittee of Pathology of Breast Cancer.?*
Breast carcinomas with more than one histologic
type were classified according to the predominant
type but the other types present were also recorded
for special analysis. In some cases as many as three
identifiable histologic types of carcinoma were
present in addition to the predominant type.

The breast carcinomas were graded from I to
III on the basis of a combination of histologic

changes:?*?% 1 to 3 for good to poor differ-
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FIGURE 1 INCIDENCE OF BREAST CANCER BY CERTAINTY OF DIAGNOSIS AND RADIATION
DOSE ATB, HIROSHIMA AND NAGASAKI, 1950-69
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*1 Microscopic review of primary tumor by investigators

2 Microscopic diagnosis of primary tumor by other physician or microscopic
examination of metastasis by any physician

Clinical or gross surgical diagwosis only

4 Death certificate diagnosis only

entiation (tubule formation); 1 to 3 for mild to
marked pleomorphism; and 1 to 3 for mitotic
activity (3 = greater than 3/high-power field) or
mild to marked nuclear hyperchromatism. Based
on the sum of these three readings, grade I was
assigned to cases with 5 or less, grade II to 6 or 7,
and grade III to 8 or 9. Tumor circumscription,
fibrosis, lymphocytic infiltration, inflammation,
necrosis, calcification, and evidence of local invasion
were recorded separately for each case. Depending
upon availability of materials, the size and location
of the tumors, the distribution of metastases, and
in an attempt to evaluate endocrine status at
autopsy, the proliferative changes in the non-
tumorous breast, the endometrium and the ovaries
were recorded. Organs which were believed to
have been altered by therapy were not included.

The estimated radiation dose for each survivor is
the total T65 dose (tissue kerma in free air)
calculated from air attenuation curves modified by
shielding factors; it is the sum of the gamma and
neutron doses. For technical reasons approximately
2% of the A-bomb survivors in the cohort do not
have any estimated radiation dose and are listed in
the tables as dose unknown. The pathology review,
classification, and coding were made without
knowledge of the radiation data.
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The previous report!® on this series of breast cancer
cases was concerned primarily with the influence
of radiation dose, as modified by age at the time
of the bomb, on breast cancer incidence. It was
found that breast cancer incidence increased
strongly with increasing dose, and that this trend
was most evident among those who were between
the ages of 10 and 20 ATB. The present report is
about the pathologic features of the breast cancer
cases in the series. A question of particular interest
is whether certain histologic types or pathological
characteristics are more typical of radiation-related
breast cancers than of other breast cancers (i.e., of
breast cancers occurring among high-dose women
as opposed to those among nonexposed and low-
dose women). Accordingly, the statistical frame of
this investigation is the breast cancer series itself,
including bilateral breast cancers, rather than the
LSS sample.

The statistical methodology is the same contingency
table method used in the first report, adjusted for
age ATB, but instead of person-year denominators

the denominators are numbers of breast cancers for:

which the relevant information is available.
Frequencies are given by pathologic diagnosis, age
ATB, and dose interval. Expected frequencies are
calculated separately by dose interval for each
interval of age ATB (0-19, 20-34, 3549, and 50+
years), conditional on the total number of breast
cancers for which estimated doses have been
calculated, and assuming no dose effect. These
expected wvalues are thus the usual summary
contingency table statistics based on internal
consistency and not on population rates; observed/
expected ratios are not constrained to be unity for
any dose interval. A linear trend statistic is used to
test for a tendency of the (age-adjusted) observed/
expected ratios to increase or decrease with
increasing dose.

RESULTS

The distribution of the breast cancers by histologic
type is shown in Table 1. While almost all histo-
logical groupings appear to increase in frequency
with increasing dose (Figure 2), only two types of
infiltrating carcinoma, duct carcinoma not otherwise
specified (NOS), and papillary duct carcinoma, are
in sufficient number to permit further analysis by
histologic type; the remaining infiltrating carcinomas
are grouped into a single category, “other™.

Table 2 shows the distribution of principal diagnoses
of breast cancer by age ATB and dose interval for
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TABLE 1 NUMBER OF BREAST CARCINOMAS BY HISTOLOGIC TYPE IN THE
LIFE SPAN STUDY EXTENDED SAMPLE, HIROSHIMA AND NAGASAKI, 1950-69

#1 FHaFRELAEFACHTITUEOME; HAELE, K5 - &, 1950—694

Type Number Percent
Noninfiltrating carcinomas 10 6.2
Papillary 6 3.8
Comedo 2% 1.2
Lobular 2 1.2
Infiltrating carcinomas 1474 90.7
Duct NOS* 754 46.3
Papillary duct 36 22.2
“Other”"** 36 222
Sarcoma 3 1.9
Not classified*** 2 1.2
Total**** 162 100.0

*Referred to as scirrhous carcinoma or duct carcinoma with productive fibrosis in
some histological classification systems.
—MOMHEENSETETIE, BRI ERELCRER L Re T 5.

*#“Other” consists of 11 comedo, 9 colloid, 9 medullar, 6 lobular, and 1 adenoid
cystic carcinomas grouped together only because of the small number of cases
of each type.
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***(One noninfiltrating carcinoma not classified histologically and one “Paget’s
disease” with histologic sections not available for review.
1FizEgEmcsEeshTeawEEGNEET, 1ALRFEo LD 0B AF
T & i "Paget 857,

**¥*Among the 231 acceptable breast cancer cases ascertained, 160 (69.3%) had
histologic sections available for review, 33 (14.3%) had pathology reports only,
and 38 (16.5%) had no pathologic information available.

FEID E s 231 ALEEM O 3 5, 1604 (69.3%) IZISHEBMU K ABRHO O AFTE, 3BH
(14.3%) 3HBEHERO LA H D, 3BF (16.5%) IHBENRBF Rt i,
+Includes 1 bilateral noninfiltrating comedo.
R LA .
tIncludes 4 bilateral infiltrating duct NOS.
EHEomMERMEEREREIAREESD.

noninfiltrating, infiltrating papillary duct, infil-
trating duct NOS, and other infiltrating cancers.
There is a suggestion that noninfiltrating cancers are
proportionately fewer among the higher dose cases,
but the numbers involved are so small that the test
statistic cannot be taken at face value. Among the
infiltrating types no consistent pattern is evident
with respect toradiation dose. In general, each type
increases in frequency with increasing dose, but not
as a proportion of all breast cancers. Table 3 is an
analogous treatment of the infiltrating cancers, but
not restricted to principal diagnoses. Again, there is
no consistent pattern with respect to radiation dose.

Table 4 shows the histological grade of the tumor
arranged by age ATB and radiation dose. There is a

OREMEEE, ECicFoboREEERIIRTLO
Thd. SHEHTIEIEETHER O ST HED Z v
ZEFTEENTWAY, 20fBEHENICLLELT,
HMERASERLEEEFILEZTEA L., REE
Tk, BEmBIZELT B LAy - v T,
berith, ML L EROBINICHE-> THEAEMT 5
A, TRTOHEOHA L LTIHMML T A, F#3 1
BEEBIISWTORBOETH LY, TRBHOZIZ
RELALOTREZV. 2278, BREHRRIIDWT—H
LAy — v amEfgn,

F 4 THEE O MLER S A0 SR & JFUR IS R R UM R B
ICRLALOTHS, BRI GEROBINIHF-TIRY



FIGURE 2 INCIDENCE OF BREAST CANCER BY TYPE HIROSHIMA & NAGASAKI, 1950-69
oSS A, RE - RIE, 1950—694F
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slight, but far from statistically significant, tendency
for grade I to be more prevalent, and grade III to
be less prevalent, with increasing dose.

Results of separate study of each component of
grade (differentiation, pleomorphism, mitotic
activity, and nuclear hyperchromatism) did not
show a clearly consistent relation to radiation
dose. No clear relation to radiation exposure
dose ATB was observed for either lymphocytic or
plasmacytic infiltration. The presence and intensity
of fibrosis and necrosis in the breast carcinomas
in this series is given in Table 5. Fibrosis occurred
without evident relation to the radiation exposure
dose ATB, but necrosis appeared to be less frequent
among the higher dose groups. Circumscription
appeared to be decreased among the higher dose
groups, although not significantly so. Local invasion
(vascular, perineural, muscle, and skin) was less
evident among the higher dose groups.

Other parameters studied included: distribution of
metastases; proliferative changes in nonneoplastic
breast, endometrium, and ovary; and pathological
changes in adrenal and thyroid glands. Among 50
autopsies, 42 demonstrated metastases and these
included 41 with metastases in lymph nodes, 37
in lung and/or pleura, 30 in bone, 22 in adrenal,
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TABLE 2 BREAST CANCER CASES BY HISTOLOGIC TYPE (PRINCIPAL DIAGNOSIS), AGE
ATB AND RADIATION DOSE, HIROSHIMA AND NAGASAKI, 1950-69

# 02 LW MUET (EEBE. FERSER R UKSMER. RS - B, 1950— 694
z ; T65 Dose in rad
E)lrslt:é?pg;f cgl:;:‘ Age ATB Total Trend*(p)
NIC <1 149 50+ Unk.

Cases with necessary 0-19 7 5 5 12 1 30
information 20-34 8 15 22 13 1 59

3549 S 21 18 9 1 54

50+ 2 8 7 2 0 19

Total 22 49 52 36 3 162 -
Noninfiltrating 0-19 1 1 1 0 0 3

20-34 0 0 3 0 0 3

3549 0 4 0 0 1 S

50+ 0 0 0 0 0 0

Total 1 5 4 Q 1 11

obsfexp  0.68 1.77 1.31 0.0 - 0.02**
Infiltrating duct NOS 0-19 2 2 1 3 1 2

20-34 6 9 14 7 0 36

3549 2 9 10 6 0 27

50+ 0 4 3 0 0 7

Total 10 24 28 16 1 79

obsfexp 1.04 096 1.03 098 - 0.47
Infiltrating papillary 0-19 4 1 2 6 0 13
duct 20-34 1 2 3 4 0 10

3549 2 2 4 0 0 8

50+ 0 2 2 1 0 5

Total 7 7 11 11 0 36

obsfexp 1.14 0.69 1.10 1.15 - 0.76
Infiltrating (other) 0-19 0 1 1 3 0 S

20-34 1 4 2 2 1 10

3549 1 6 4 3 0 14

50+ 2 2 2 1 0 7

Total 4 13 9 9 1 36

obs/exp 0.89 1.12 0.77 1.24 - 0.78

tBilateral cases are counted twice.
mEEoB S 2Me LTHEL L,

*Test for linear trend in observed/expected ratios, adjusted for age ATB, with increasing dose.
P-values greater than .975 indicate a statistically significant increasing trend, while p-values
below .025 indicate a significant decreasing trend, at the .05 level of significance.

AR ORI RAE A MFEOEEOBEHOT, HRABRERC L IMELALODRERKE.
PA.OTLEDL O 5 %k THEAMNIEREOMMEE LA 2L, O0BLTOREEIHERELE A

ThHB.

**R esult of doubtful reliability due to small numbers.

BREHEFDECEHIZEEELEDH L v,
21 in skin, 20 in liver, 14 in brain and/or dura,
13 in diaphragm, 9 in gastrointestinal tract, 8 in
thyroid, 7 in pituitary, 6 in heart, 5 in opposite
breast, 5 in kidney, 4 in spleen, and 4 in pancreas.
This distribution of metastases is not unusual, and
there is no evidence that it was influenced by the
radiation exposure dose ATB. In evaluating the
hormonal status based on the average score of
proliferative changes in breast, endometrium and
ovary of 50 autopsies, none had marked hyperplasia,
1 moderate hyperplasia, 3 mild hyperplasia, 6
normal, 12 mild atrophy, 13 moderate atrophy, and
2 marked atrophy. These changes appeared to
reflect the patient’s age and health status rather
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TABLE 3 INFILTRATING BREAST CARCINOMAS, INCLUDING PREDOMINANT CELL TYPES
AND THOSE FOUND ONLY IN INCIDENTAL FOCI, BY CELL TYPE, AGE ATB, AND
RADIATION DOSE, HIROSHIMA AND NAGASAKI, 1950-69
£3 TELMBPARUHEERKCIOA?ROoNELOR L& URBMEILE; Ml
ARG B USRS RLRY, TR - B, 1950—694F

T65 i d
Cell Type Toge Inra Total Trend*

Age ATB NIC <1 149 50+ Unk.

Total all types 0-19 13 10 14 22 3 62

20-34 16 27 35 29 2 109

3549 9 36 34 18 0 97

50+ 2 17 13 5 0 37

Total 40 90 96 74 5 305 -
Infiltrating duct NOS 0-19 4 2 4 8 1 19

20-34 7 10 15 12 1 45

3549 5 13 14 7 0 39

50+ 0 6 6 1 0 13

Total 16 31 39 28 2 116

obsfexp 1.08 0.90 1.06 1.01 - 0.57
Infiltrating papillary duct 0-19 6 3 3 7 1 20

20-34 4 7 6 8 0 25

3549 2 7 9 4 0 22

50+ 0 5 3 2 0 10

Total 12 22 21 21 1 77

obsfexp 1.11 _0.99 0.88 1.09 - 0.70
Infiltrating (other) 0-19 1 4 6 6 1 18

20-34 5 10 10 9 1 35

3549 2 12 9 6 0 29

50+ 2 6 4 1 1} 13

Total 10 32 29 22 2 95

obsfexp 0.82 1.14 0.97 0.97 - 0.39

*See Table 2 #2#£M.

than to represent any specific effect, and no relation
between radiation dose and endocrine status was
identified. In regard to adrenal and thyroid changes,

LI kNG, DLABREOFERE CEEREL KL T
Wi kB bh, BEHRE LN BIRE L o BF R

17 of 40 autopsies had adrenal hyperplasia (generally
mild cortical nodularity, perhaps of questionable
physiological significance), 12 of 45 had thyroiditis,
11 of 45 had goiter, 2 of 45 had thyroid adenoma,
and 8 of 45 had occult thyroid carcinoma. Although
the numbers are small, none of these lesions showed
evidence of any relation to radiation dose. No
definite lesions were noted in the pituitaries of this
breast cancer series, except for the seven with
metastases already mentioned. Other parameters
studied, including laterality, quadrant location,
and size of breast cancer, were not unusual in their
distribution, and a relation to radiation dose was
not identified. Data relating to staging of the breast
cancers, other than those elements of size, invasion
and metastases already mentioned, were felt to be
too incomplete for meaningful analysis.
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TABLE 4 BREAST CANCER CASES BY HISTOLOGICAL GRADE, AGE ATB, AND
RADIATION DOSE, HIROSHIMA AND NAGASAKI, 1950-69
F4  FLERG; MR FEAER, FIRETEREUBESRRN, K5 - R,
1950— 694

T65 Dose in rad
Histological grade Age ATB Total Trend*
NIC <1 149 50+ Unk.

Total 0-19 7 3 4 8 1 23
20-34 8 10 18 12 1 49
3549 5 18 17 7 1 48
50+ 2 7 6 2 0 17
Total 22 38 45 29 3 137 :
I 0-19 2 1 0 4 0 7
20-34 1 2 3 3 0 9
35-49 0 5 3 1 1 10
S0+ 1 1 0 1 0 3
Total 4 9 6 9 1 29
obsfexp 0.79 1.24 0.67 1.39 - 0.88
11 0-19 5 1 1 2 1 10
20-34 4 6 11 8 1 30
3549 3 9 8 4 0 24
50+ 0 4 4 1 0 9
Total 12 20 24 15 2 73
obsfexp  1.05. ~ 0.99 0.98 1.01 - 0.52
1M 0-19 0 1 3 2 0 6
20-34 3 2 4 1 0 10
3549 2 4 6 2 0 14
50+ 1 2 2 0 0 5
Total 6 9 15 5 0 35
obsfexp 1.05 0.87 1.28 0.70 - 0.16

* See Table 2 #2%8.

TABLE 5 BREAST CANCER CASES BY VARIOUS PATHOLOGICAL CHARACTERISTICS, AGE
ATB, AND RADIATION DOSE, HIROSHIMA AND NAGASAKI, 1950-69

#5  ILEER; BREEARR, BRMEERRCREREN, K5 - B, 1950—694F

T65 Dose in rad
Characteristic Age ATB Total Trend*
NIC <1 149 50+ Unk.

Lympbhatic 0-19 1 2 3 4 0 10
Infiltration 20-34 4 6 4 3 0 17
{moderate or marked) 35-49 3 8 10 5 0 26
50+ 1 3 2 1 0 7
Total 9 19 19 13 0 60

obsfexp  0.91 1.07 0.96 1.04 - 0.57
Fibrosis 0-19 6 2 4 6 1 19
(moderate or marked) 20-34 9 8 14 11 0 42
3549 3 15 12 6 0 36
50+ 1 6 6 1 0 14
Total 19 31 36 24 1 111

obsfexp 1.00 0.99 1.01 1.00 - 0.48

—
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TABLE 5 Continued

5#EDEE

T6S5 Dose in rad

Characteristic Age ATB Total Trend*
NIC <1 149 S50+ Unk.

Necrosis 0-19 0 1 2 2 0 5
(moderate or marked) 20-34 R 5 7 2 0 19

3549 2 5 6 1 0 14

50+ i} 2 3 1 0 6

Total 7 13 18 6 0 44

obsfexp 093 1.07 1.18 0.66 - 0.08
Circumscription 0-19 3 1 2 4 0 10

20-34 5 4 4 4 0 17

3549 1 9 7 1 0 18

S0+ 0 4 3 0 0 7

Total 9 18 16 9 0 52

obsfexp 1.05 121 090 0.83 = 0.18
Calcification 0-19 2 0 0 1 0 3

20-34 2 0 1] 1 0 3

3549 1 5 3 1 0 10

50+ 0 2 2 0 0 4

Total 5 7 5 3 0 20

obsfexp  1.61 1.03 076 0.86 - 0.36
Vascular Invasion 0-19 1 0 2 0 0 3

20-34 1 4. 3 1 1 10

3549 2 2 4 2 0 10

50+ 1 0 2 0 0 3

Total 5 6 11 3 1 26

obs/exp 1.32  0.75 1.29 0.64 = 0.19
Perineural Invasion 0-19 0 0 1 0 0 1

20-34 1 3 3 2 0 9

3549 0 2 1 0 0 3

50+ 1 2 0 0 0 3

Total 2 7 5 2 0 16

obs/exp 0.81 1.45 0.86 0.69 - 0.23
Muscle Invasion 0-19 0 0 0 0 0 0

20-34 1 3 0 1 0 5

35-49 1 2 4 0 0 5

50+ 1 4 1 0 0 6

Total 3 9 3 1 0 16

obs/exp 1.41 1.49 0.54 0.44 - 0.21
Skin Invasion 0-19 0 0 0 1 0 1

20-34 2 3 0 1 0 6

35-49 1 3 4 0 0 8

50+ 1 6 3 0 0 10

Total 4 12 ) 2 0 25

obs/exp 1.19 1.25 0.82 0.56 - 0.14

*See Table 2 # 2 2H.
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DISCUSSION

In another study of breast cancer incidence among
A-bomb survivors for the period 1950-69, 231 cases
were identified among 63,275 female survivors and
controls.'® The estimated absolute risk of
developing breast cancer was 1.9 excess cases per
10° person-year-rad over this period for women
aged 10 or more ATB, substantially less than
published estimates largely based on X-ray and
fluoroscopy data from smaller samples of North
American women. The Hiroshima and Nagasaki
dose response curves were similar, suggesting
approximate equivalence of neutron and gamma
radiation in their carcinogenic effect on breast tissue,
and were consistent with a linear model. Further-
more, the relative risk of developing breast cancer
was greatest among women exposed at under age
35, and most notably at 10-19 years. Although
those under age 10 ATB had not yet shown evidence
of a carcinogenic effect of atomic radiation, this was
presumably because they had not yet progressed far
enough into the age range of normal high risk for
the effect to be expressed. Finally, the carcinogenic
effect, in terms of excess per million person-year-rad,
increased steadily through the decade 1960-69.'%
As the more numerous younger women continue to
pass through the ages of high normal risk of breast
cancer it may be expected that the incidence
attributable to radiation will increase even further.

The present report deals with the pathologic aspects
of the above breast cancer series. In regard to the
histopathologic study of breast cancer, the major
finding is that all types of infiltrating carcinoma
appear to contribute to the marked excess cancer
risk of the A-bomb survivors.

The histologic types were also grouped to include
both predominant and nonpredominant types
(e.g., all cases in which infiltrating duct carcinoma
NOS was present, regardless of whether this was the
major or a minor component in a tumor). One
purpose of this approach was to have a means of
conclusion confirmation, if one predominant
histologic type was found to be specifically related
to radiation dose. However, almost all predominant
histologic types of infiltrating carcinoma appear to
contribute to the excess risk of cancer among
A-bomb survivors. Therefore, the finding that the
dose response appears to increase when the same
predominant and nonpredominant types are
combined probably simply reflects a compounding
of the radiation effect when two fairly similar
positive dose responses are added. Nevertheless,

12

£ B

1950—69F- D HAM 12 47 2 FUI R B OB R EE 2
T AMOFETIE, 63,275 A O K HEHEEE & Ui
C2NABH AR AT A FEBEBIEL ET
bolwrid, IERROMEENEERIL, 08
MII2108 A rad 720 1.9FIOMINT H-7247, Zhis
0Bk LEEHIZOWTOXBETEBERD
BfaiicREash @il MYL 2w, BB E
i OHREGHAIEEL T, FEHABICE2 3
REMERE LI BT, FETEF v BOBEIRIZIE
FlLuZ R sh, HEEFLE-FLTVAE, B,
FBFEBROMMS AR IR RBTHBL A LKETER
KTEY, BLHEFETH- 200 19FNRTH- /2.
FEHEFIRRHGTH - 2B 3 ER RO BEERED
JEZ TR LT WA b2, 2L G, ¥
HAYABhi2faREOSGUERSRE I FSELTw s o~
o EEbhD, B, EEEREIZI0HASE rad
LN OEMIZE T, 1960—694F @ 105/ 12 K5 12 1Y
ML 2 OFFELMEABHEILBBEHREO S ER
ARBT2IC 0N T, MEHEIC L S RAER IFR L M
TARLTHEENh 5.

AHIE EROIEROFEEAFRERNLLOTHS.
ZOIEOMBREEMEE CE T A EER L LTI,
WYhOBEHORHEE L FEREREOBMBREOSE
LI ES T 208 302828 TH 5.

MR II>wTY, FELMTH-THLIEFTELRET
boTh, T0lFEE—2IlE b (Thbb, i
EORBMEREERPYEERSTH-TERLTH, Fhiz
BfFEE(, COBOBHENETTOMEEDR).
ST EZEOBENO—21E, —0OEE LMY
BEBREFIMEORNC EFRD L RABE DI,
N E->THBEHERT2HEEHABL TEL BT
bok. L2L, BEEROIZLAYTNTOEE LM
WA, FBREBRES I IBORBREN MO —RE &
BToTWaEITHE, LT, FE4HOE L TE
THZVWEOLO L —HBICL B4, SERIE M
THLIIIEbNEOE, BEL, PAVHEULAZDOD
FEEMMEBERIGEMA 22 L L2 EEHEOR L 2
BEARML TR+ E420wEnrEBbhs. LiL

D



this does act as a form of confirmation of the
finding that all histologic types of infiltrating
breast carcinoma are involved in this radiation
carcinogenic phenomenon.

The above comments regarding histologic types
necessitate some mention of the problems involved
in histological typing of breast cancer. This is an
area of considerable nonuniformity among
authorities. When data collection for this study was
initiated, two widely accepted histological classifi-
cations included the AFIP system by McDivitt et al*?
and the WHO system by Scarff and Torloni.*®
Other systems have been utilized before and after
the development of these two systems, and
comparisons among some of them have been
presented elsewhere,?*2728 Upon viewing the
histological material of this study, it soon became
apparent that the more widely accepted classification
systems were less than ideal in their applicability.
At that time we became aware of a lesser known
system which appeared to have greater applicability
for many of the cases. This classification system,
proposed in 1968 by the Japan Subcommittee on
Pathology of Breast Cancer,“ divided breast
carcinoma into noninfiltrating carcinoma (23 cases
reported) and infiltrating carcinoma (268 cases).
Of the latter, 56 were designated papillotubular
carcinoma (including low-papillary, cribriform, and
comedo subtypes), 83 medullary tubular carcinoma,
112 scirrhous carcinoma, 13 mucous carcinoma, 2
medullary carcinoma with lymphoid infiltration,
2 Paget’s carcinoma, and no cases of lobular
carcinoma, adenoid cystic carcinoma, squamous cell
carcinoma, carcinosarcoma, and carcinoma with
apocrine metaplasia. As can be seen, according to
this Japanese series and classification, papillary
tubular carcinoma is a relatively frequent type of
infiltrating duct carcinoma. This high frequency of
papillary tubular or papillary carcinoma among
Japanese breast cancers had also been demonstrated
in several earlier reports: 40% papillary tubular
carcinoma in a series of 88 cases studied for axillary
metastasis, excluding medullary tubular carcinoma
from the classification system and separating
comedocarcinoma from papillary (35 papillary
tubular, 37 scirrhous, 5 comedo) #° 50% papillary
tubular carcinoma in a series of 175 cases studied
for wvascular invasion, also excluding medullary
tubular from the classification and separating
comedo from papillary (87 papillary tubular, 76
scirthous, 6 comedo);>® and 24% papillary tubular
carcinoma in a series of 278 cases studied in regard
to age distribution, including medullary tubular in
the classification and combining comedo and
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papillary (66 papillary tubular, 64 medullary
tubular, and 120 scirrhous).®® These figures suggest
that a large portion of the medullary tubular
carcinoma (defined as duct carcinoma with
peripheral circumscription and prominent lymphoid
infiltration) might have been previously diagnosed
as papillary tubular.

Histological study of the Japanese cases reported
here supported the presence of a relatively large
number of infiltrating duct carcinomas with papillary
features as had been indicated by the above four
Japanese series. Therefore, this category was
included in the classification utilized by us, realizing
that some investigators would consider this a
meaningful separate category while others would
prefer to combine the papillary duct carcinomas
together with the infiltrating duct carcinomas NOS.
The infiltrating papillary duct carcinoma category
used by us included a papilliferous type (composed
of frond-like papillary ductal proliferations) and a
cribriform type (composed of an infiltrating duct
carcinoma with a more solid pattern than infiltrating
duct carcinoma with fibrosis and having a character-
istic glandular arrangement of three or more intér-
contiguous round tubules). The cribriform type had
also been included among the papillary duct
carcinomas of the above four Japanese series. It is
of interest that in our series the cribriform and
papilliferous types virtually always accompanied
each other to some degree.

Regarding the Japanese classification system category
of medullary tubular carcinoma, we chose not to
utilize this as a separate category since 1) it seemed
to represent mainly a difference in stromal and
leukocytic response, and 2) practically speaking,
case categorization would be difficult because
many carcinomas appeared to represent other types
of carcinoma such as papillary tubular but with the
medullary tubular characteristics of prominent
lymphoid infiltrate and peripheral circumscription.
As an alternative to using a category of medullary
tubular carcinoma, separate studies of circum-
scription and lymphocytic-plasmacytic infiltration
were made. Regardless of whether medullary
tubular carcinoma should be a separate category,
its utilization by many Japanese investigators
underlines the important point found in our study
and a number of recent studies comparing Japanese
and Western breast carcinomas: namely, infiltrating
carcinoma among Japanese women tends to have a
high degree of peripheral circumscription and
lymphoid infiltration compared with Western

women.**%  Regarding radiation relationship, it
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is of interest that in our series neither medullary
carcinoma nor the degree of lymphoid infiltration
in all infiltrating carcinomas nor the degree of
fibrosis appeared to be related to radiation dose
ATB. There did appear to be, however, some lesser
degree of peripheral circumscription in tumors of
patients exposed to a higher radiation dose. It is
difficult to explain why this circumscription and
some other factors including histological grade,
local invasion, and necrosis appear to be somewhat
less characteristic of breast cancer occurring among
women exposed to 50rad or more ATB, and a
considerably larger series would probably be needed
to reach any firm statistical conclusions.

The prognosis of breast cancer in Japan is known to
be generally better than that in the West, but in the
above-mentioned studies comparing Japanese and
Western breast carcinomas it was not clearly
demonstrated that this better prognosis was directly
related to the medullary-like characteristics of
many of the Japanese infiltrating carcinomas.
Utilizing the separate category of infiltrating
papillary duct carcinoma in our study, however, it
was found that these papillary neoplasms had a
better prognosis than other histologic types. By
1970 only 21% of the women with papillary duct
carcinoma were dead whereas 63% of the women
with infiltrating duct carcinoma NOS had died.
This suggests that a separate category of infiltrating
papillary duct carcinoma is justifiable and that the
high frequency of this type among Japanese women
may explain to some extent the better prognosis in
Japanese breast cancer. A Japanese-American
comparative study, including among various
parameters the factor of papillary features in duct
carcinoma, would be of interest. Furthermore,
regarding our study per se, the better prognosis in
conjunction with the increased risk for breast
cancer, particularly papillary carcinoma, emphasizes
the importance of maintaining close surveillance for
breast cancer among A-bomb survivors.
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