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SUMMARY

A group of pathologists from the United States
and Japan reviewed breast cancer material of
women exposed to the atomic bombs in
Hiroshima and Nagasaki and controls. The
purpose of the review was to verify the
diagnoses, establish a base of confirmed cases
for epidemiologic study, and provide a reference
for other pathology review.

Compared to the control group, matched through
the Life Span Study extended sample, there were
no differences in distribution of tumor type and
tumor size. There were also no differences in
histological type by age or radiation dose. The
peak age for cancer to develop was the same in
the exposed and control groups. The type of
radiation had no effect on histological type.
Atypical changes or residual proliferative lesions
were not found in women exposed to radiation
but free from cancer. On the basis of this study,
it was concluded that radiogenic breast cancer
does not differ histologically from spontaneously
occurring cancer in Japanese women.
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INTRODUCTION

A series of epidemiologic studies, beginning in
1968, have indicated a significantly higher
incidence of breast cancer in Japanese women
exposed to A-bomb radiation than in comparable
women not exposed.!'”” These studies have
consistently revealed that risk of breast cancer
increases linearly with radiation dose, at least for
tissue doses below 200 rad, and that the greatest
risk (absolute and relative) occurs in women who
were exposed at age 10-19, and who received
more than 100 rad. In contrast to the data on
radiation-induced leukemia, increases in radiation
dose appears not to reduce the latent period for
breast cancer to develop, which is at least 10
years, but only serves to increase the incidence.
Further, there is no significant difference in the
slope of the dose-response curves for Hiroshima
and Nagasaki, even though the Hiroshima
A-bomb emitted neutron and gamma radiation
while the Nagasaki bomb emitted gamma
radiation only.

Previous histological review was conducted on a
small number of cases,® but the number has
increased to the extent that studying the effect
of radiation on breast tissue seemed most
important. Consequently, arrangements were
made for a binational group of pathologists to
review the available histological material from
these breast cancer patients in order to verify and
compare them with nonirradiated breast cancer
patients.

MATERIALS AND METHODS

All available histological material from breast
cancer cases identified among members of the
RERF Life Span Study (LSS) extended sample
was reviewed. The LSS extended sample includes
approximately 63,000 women, of whom 47,600
were within 10,000 m from the hypocenter in
Hiroshima or Nagasaki at the time of the bomb
(ATB) and 15,400 not-in-city (NIC) subjects who
migrated into the cities after the bombs.® The
breast tissue dose in rad has been calculated for
most of the exposed subjects.®!® The
histological material was collected from the
Tumor and Tissue Registries of Hiroshima and
Nagasaki, the Schools of Medicine of the
Hiroshima and Nagasaki Universities, RERF files,
and many hospitals located throughout the two
cities."** The control group consisted of those
NIC ATB or those in the cities but with
0 rad exposure.
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Among the cases reviewed, 172 surgical and 8
autopsy cases in Hiroshima and 41 surgical and
2 autopsy cases in Nagasaki were reported for
the years 1950-74.> There were an additional
60 surgical cases from Hiroshima and 20 from
Nagasaki during 1975-78.

The World Health Organization (WHO) Tentative
Histological Classification of Breast Tumors
(1978) was modified and combined for this
binational study so that results could be converted
to either the WHO or the Japanese Breast Cancer
Society format. Modifications included the
addition of three subtypes, “papillotubular,”
“medullary tubular,” and “scirrhous type,” under
the categories ‘“‘invasive ductal carcinoma” and
“invasive ductal carcinoma with predominantly
intraductal component.” The “papillary car-
cinoma” of the WHO classification was deleted
since these cases are included in the “papillo-
tubular” subtype. In classifying tumors of
mixed type, the predominant pattern was used if
it represented more than 50% of the lesion. In
addition, a new category (Cannot Subclassify
Further) was established for the cases that could
not be subclassified. This allowed inclusion of
those cases for which there was no consensus
among the pathologists about subtype or for
which there was no predominant pattern.

Rules and diagnostic criteria by the Japanese
Breast Cancer Society!! and the WHO revised
classification,'? were followed in classifying the
lesions. Since the combined classification and
rules were adopted during the preliminary
meeting held in the US, the US participants
became familiar with them at that time.

In addition to identified breast cancer cases, a
pilot study was undertaken to review breast
tissue, without clinically evident cancer, obtained
from women examined under the ABCC-RERF
Autopsy Program and with estimated breast
tissue dose of 100 rad or more. A total of 56
women were included in the pilot study. Samples
were examined for atypical or residual hyper-
plastic or proliferative lesions.

The five Japanese pathologists initially reviewed
the slides over three days and the three American
pathologists conducted their independent review
at a later date. The two groups then met to
resolve any controversies and to discuss their
findings.
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Except for the pilot study, all material was
reviewed without knowledge of exposure status
or estimated dose. The final diagnosis represents
a consensus of the participating pathologists.
Cases for which no consensus was gained
regarding the histological type or subtype at the
first review were restudied and openly discussed.
There were two cases for which an agreement
could not be reached.

Information about laterality, size of breast
cancer, age at diagnosis, age ATB, and history of
radiation exposure was obtained from RERF
files. There were a few cases for which slides
were not available to the reviewers at the time
of the review.

RESULTS

Of the 316 cases reviewed (245 in Hiroshima and
71 in Nagasaki), 300 (290 surgical and 10
autopsy) or 95% were accepted for final analysis.
These included 149 exposed cases (1 rad or more)
and 152 control cases* (0 rad or nonexposed).
There were 107 patients from Hiroshima and 42
from Nagasaki in the exposed group, and 131
patients from Hiroshima and 21 from Nagasaki
in the Control group.

The 16 cases excluded from the final analysis
are shown in Table 1. There were no non-
epithelial tumors, except for one case of primary
malignant lymphoma of the breast found in a
control patient. No cases of male breast cancer
were observed.

Tumor Size. In the exposed group, the average
tumor size in largest dimension was 3.39 cm in
Hiroshima (76 cases) and 2.57 cm in Nagasaki
(29 cases). In the control group, the average size
was 3.72 cm in Hiroshima (99 cases) and 2.82
cm in Nagasaki (12 cases). Although there was
no difference in tumor size between the two
groups in each city, the average size was larger
in Hiroshima for both groups. It was not
possible to relate tumor size to radiation dose in
individual patients.

Age Distribution. Table 2 shows the average age
ATB and at diagnosis by exposure group. The
average age ATB and at diagnosis was less in
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TABLE 1. CASES NOT CONFIRMED HISTOLOGICALLY
#1 MEEFA I LR T E L b > 2R

Master File
Number

Diagnosis

No evidence of cancer. Healed biopsy scar.

No primary site. Section of nerve showing perineural tumor extension. Consistent with

breast cancer.

No breast tissue. Lymph node has metastatic cancer.

Papillomatosis. No primary site in sections reviewed. Lymph node has metastatic cancer,
primary site unknown, presumed breast.

No evidence of tumor. Lymph node. No breast tissue present.

Fat necrosis in breast. No tumor present.

No evidence of tumor. Lymph node. No breast tissue present.

In situ gastric carcinoma. No breast tissue present.

Malignant lymphoma in breast. No breast cancer.

No primary site. Cancer consistent with breast in lymph node. No breast tissue present.

No cancer, benign, atypical papillomatosis of breast.

Carcinomatosis. Impossible to determine primary site.

Benign, papillomatosis of breast.

Benign, papillomatosis of breast.

Lymph node with metastatic tumor, presumed primary in breast.

Lymph node with metastatic tumor, presumed primary in breast.

TABLE 2. AVERAGE AGE ATB AND AT DIAGNOSIS

BY CITY AND EXPOSURE
F2 MR, RO EE O ERER U
A2 W7 BE T ) £
Nagasaki Hiroshima
Age

Exposed Control Exposed Control
ATB 22.98 26.57 28.60 29.81
Diagnosis 47.05 51.57 51.24 51.54
Difference 24,07 25.00 22.64 21.73

Nagasaki than that in Hiroshima, possibly
because the female population tended to be
younger in Nagasaki than in Hiroshima. The
difference between average age ATB and at
diagnosis is essentially the same in all groups.

Distribution of Histological Type. Table 3
presents the distribution of histological type.
There was no significant difference in the
distribution between the exposure groups or the
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K& Db RO BRI O FH AR HE O A
HoltlbTHA 5. WHRTIEE BRIEEY
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TABLE 3. BREAST CANCER CASES BY HISTOLOGICAL TYPE, EXPOSURE, AND CITY
#IOWMROEE, MR oML 50 FLS 5

Exposed Control Total
Classification
Hiroshima Nagasaki Hiroshima Nagasaki Exposed Control
1. Noninvasive
a. Intraductal carcinoma 1(09 1(¢2.3) 2 1:5) 2( 1.3) Zi¢ 1:3)
b. Lobular carcinoma in situ
2. Invasive
a. Invasive ductal carcinoma
0. Cannot subclassify further 14 (13.0) 7(16.0) 17(13.0) 4 (19.0) 21 (14.0) 21 (14.0)
1. Papillotubular 4(37) 1(2.3) 4(3.0 1(47 5.0 3.3) 540 3:3)
2. Medullary tubular 20 (18.0) 9 (2L.0) 20(15.00 1( 4.7 29 (19.0) 21 (14.0)
3. Scirrhous 47 (44.0) 17 (40.0) 63 (48.0) 13 (62.0) 64 (43.0) 76 (50.0)
b. Invasive ductal carcinoma with
predominant intraductal component
0. Cannot subclassify further
1. Papillotubular 10( 9.3) 5(12.00 12(9.2) 2( 9.5 15 (10.0) 14 ( 9.2)
2. Medullary tubular 1(09 1(0.8) 1(0.6) 1(0.7
3. Scirrhous 2( 1.5 2(13)
c. Invasive lobular carcinoma 4( 3.7) 4( 2.6)
d. Mucinous carcinoma 1(09) 1(23) 5(3.8) 2.¢ 1.3) 3 13:3)
e. Medullary carcinoma 2( 1.5)* 2(1.3)
f. Tubular carcinoma 1( 0.9)** 1( 0.6)
g. Adenoid cystic carcinoma
h. Secretory (juvenile) carcinoma 1(09 1( 0.6)
i. Apocrine carcinoma
j. Carcinoma with metaplasia
1. Squamous type
2. Spindle cell type
3. Cartilaginous and osseous type
4. Mixed type 1:¢ 2:3) 1( 0.6)
k. Other 2( 1.5 2(1.3)
3. Paget’s disease
a. In situ carcinoma only 1( 0.9 1(08) 1( 0.6) 1(0.7)
b. With invasive carcinoma 2.¢ 1.8) - 2( 1.3)
Total 107 42 131%% 21 149 152

Percent of total in parentheses. () Mz &iD%

* Controversial case, one case of medullary carcinoma was considered by some pathologists to be an invasive ductal
carcinoma.

115 R SE 45

1AM IZ> T, BMEILTRL LT 2MEEELH 5.

** Controversial case, tabulated as tubular although some pathologists considered it an invasive ductal carcinoma,
I OEM. BESE L TRBM ATV 3V BMEILER ST 2mEYEL S 5.

1 Includes signet ring cell carcinoma and malignant lymphoma of breast.
HLEORAI R & B oA E .

1 Includes one case of bilateral cancer, each breast considered separately.
At 1Hz 50, RBEORTTRL -,
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Figure 1. Common scirrhous carcinoma of breast showing bundles of thick collagen
separated by tumor cells. H& E. X 100

Bl BEM A & o T Bl & A RS G EHE N A& T . H& 1. X100

two cities. The scirrhous type of invasive ductal
carcinoma was most common. There were four
cases of invasive lobular carcinoma and one case
of secretory carcinoma, the latter being rare in
Japan. In both exposure groups, 14% of the
cases could not be subclassified, although there
was unanimous agreement that these were
invasive ductal carcinomas.

An example of the common scirrhous type of
carcinoma is shown in Figure 1, and other types
are illustrated in Figures 2-5.

No significant differences by exposure group
were observed in the distribution of histological
type according to age at diagnosis (Table 4), age
ATB, or duration from age ATB to diagnosis.

Relationship of Histological Type to Radiation
Dose. Table 5 shows the relationship between
tissue dose and histological type. There was no
difference in the distribution by tissue dose or
histological type.

Pilot Study of Noncancerous Breast Tissue.
Review of noncancerous breast tissue from
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Figure 2. Medullary tubular type consisting of compact nests of tumor cells
separated by capillaries. H & F. x 100
B2 FAMEIZ & - THlES nABERGANNEE A S 20T, HE E. X100

Figure 3. Medullary tubular type showing isolated clusters of tumor cells with

intervening lymphocytes. H & E. x 100
43 frfe) ¥ vgk &4 MG B8 & 2 T iR E 8. H& E. X100
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Figure 4. Papillotubular type invasive, according to the classification of the Japanese
Mammary Cancer Society this pattern is called papillotubular. H & E. % 25
R4 2 fLEIRAT R, NRAM 2058 EhE, 2o FLuRE R E G s a5,
H& E. %25

Figure 5. Papillotubular type, predominantly intraductal. H & E. x 40
5 ZLATINME o FLEAIR AT B, H& E. x40
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TABLE 4. BREAST CANCER BY HISTOLOGICAL TYPE, AGE AT DIAGNOSIS, AND RADIATION EXPOSURE
Fed EDWTEE MG B U BOR SRS B 0D B B o) S T 9 FLIG 5 1) %

Age at Diagnosis

Histological
ltsyEeiglca Exposed Control
<39 40-59 60+ Total <39 40-59 60+ Total

la 1( 3.7 1.¢ 1.1) 0 2(L3) 1(5.6) 1(1.2) 0 2.( 1.3}
2a0 7(25.9) 10 (11.0) 4(13.8) 21(14.1)  2(11.1) 14 (16.3) 5(10.4) 21 (13.8)
2al 1:¢ :3.7) 1(1.1) 3(10.3) S5(34) 1(5.6) 1¢ 1.2) 3(6.3) 5( 3.3)
2a2 5(18.5) 18 (19.4) 6 (20.7) 29(19.5)  1(5.6) 13(15.1) T(14.6)  21(13.8)
2a3 T(25.9) 44 (47.3) 13 (44.8) 64 (43.0) 11(61.1) 41(47.7)  24(50.0) 76 (50.0)
2b1 5(18.5) 9(9.7) 1( 34) 15(10.1)  1( 5.6) 10(11.6) 3(6.3) 14 ( 9.2)
2b2 0 1(1.1) 0 1(07) 0 0 1¢21) 1(0.7)
2b3 0 0 0 0 1(5.6) 0 L 2.1) 2(1.3)

Other 1 9 2 12 0 6 4 10

Total 27 93 29 149 18 86 48 152

RN G dtiz i 3 F o
ML L3 B

Percent of total in parentheses.
*See Table 3 for classification.

women exposed to 100+ rad revealed atrophy
but no residual or atypical hyperplastic lesions
either in the ducts or lobules. In many cases,
however, there appeared to be a degeneration of
stromal collagen, which was interpreted as a
fibroelastotic change. Fat tissue, in many cases,
also appeared to be undergoing a degeneration
similar to that seen in malnutrition.

DISCUSSION

Epidemiologists and others have convincingly
documented the carcinogenic effects of ionizing
radiation on breast tissue. In addition to the
observations made in Hiroshima and Nagasaki,
women treated with X-irradiation for post-
partum mastitis or exposed to repeated fluoro-
scopic examinations are known to have a higher
incidence of subsequent breast cancer than
nonirradiated controls.”*™'7 In fact, the risk per
rad for breast cancer in women irradiated for
postpartum mastitis or exposure to multiple
fluoroscopy is higher than the risk per rad to
bone marrow or the thyroid.'® This would
seem to indicate that breast tissue is more
susceptible to radiation-induced cancer than
either the thyroid gland or bone marrow.
Extensive studies -of laboratory animals have
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TABLE 5. DISTRIBUTION OF PATHOLOGICALLY CONFIRMED BREAST CANCER
BY HISTOLOGICAL TYPE

#5

FREE A B 2R SR = A Ao FURE o R H B 0 B 4 A B 43 A6

Diagnostic Classification

Exposure Dose in Rad

NIC* 0 1-9 1099 100+ Unk. Total %
I. Noninvasive
a. Intraductal carcinoma 1 0 1 0 0 4 13
b. Lobular carcinoma in situ 0 0 0 0 0 0
2. Invasive
a. Invasive ductal carcinoma
0. Cannot subclassify further 8 13 4 5 11 1 42 14.0
1. Papillotubular 3 1 2 1 10 33
2. Medullary tubular 7 13 6 15 6 3 50 16.6
3. Scirrhous 25 52 20 21 19 3 140 46.5
b. Invasive ductal carcinoma with
predominant ductal component
0. Cannot subclassify further 0 0 0 0 0 0 0 0
1. Papillary tubular 5 9 5 7 3 0 29 9.6
2. Medullary tubular 1 0 1 0 0 0 2 0.7
3. Scirrhous 1 1 0 0 0 0 2 0.7
c. Invasive lobular carcinoma 0 0 1 2, 1 0 4 1.3
d. Mucinous carcinoma 0 ) 1 0 1 0 7 2:3
e. Medullary carcinoma 0 1 0 0 0 0 1 0.3
f. Tubular carcinoma 0 0 0 0 0 0 0 0
g. Adenoid cystic carcinoma 0 0 0 0 0 0 0 0
h. Secretory carcinoma 0 0 0 0 1 0 1 0.3
i. Apocrine carcinoma 0 0 0 0 0 0 0 0
j- Carcinoma with metaplasia
1. Squamous type 0 0 0 0 0 0 0 0
2. Spindle cell type 0 0 0 0 0 0 0 0
3. Cartilaginous and osseous type 0 0 0 0 0 0 0 0
4. Mixed type 0 0 0 0 1 0 1 0.3
k. Other 1 1 0 0 0 0 2 07
3. Paget’s disease
a. In situ carcinoma only 1 0 1 0 0 0 2 0.7
b. With invasive carcinoma 0 0 1 0 1 0 2 0.7
Total Classified 53 98 42 53 45 8 299  99.3
No agreement as to type 0 1 0 1 0 0 2 0.7
Total 53 99 42 54 45 8 301 100.0

*Not in either city at the time of the bombing.

also supported the conclusion that ionizing
radiation is carcinogenic for breast tissue.!81?

Because of the importance of breast cancer
material from women exposed to A-bomb
radiation, a binational group of pathologists was
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called upon to review the material in Hiroshima
and Nagasaki and to verify the diagnoses. In
developing an acceptable classification of
histological types as a basis for review, it was
agreed to use a combined WHO-Japanese Breast
Cancer Society classification so as to compare
the results with other international studies
following the WHO format and with previous
studies conducted in Japan.

As a part of the analysis, the distribution of
different histological types of breast cancer was
compared against several variables, and the
distribution was essentially the same by exposure
group. In fact, it did not differ from the
expected distribution for Japanese women.2®

The histological distribution was the same for
both cities, even though the Hiroshima A-bomb
emitted neutron and gamma radiation while that
in Nagasaki emitted only gamma radiation. Thus,
it seems that type of radiation had no significant
effect on histological type of carcinoma.

Breaking down the histological distribution by
age at diagnosis (<40, 40-60, and 60+) revealed
no differences in either exposed or control
group. Furthermore, the distribution was not
affected by considering the age ATB or duration
from age ATB to age at diagnosis.

On the basis of this and previous studies, it was
concluded that radiogenic breast cancer does not
differ histologically from spontaneously occurr-
ing breast cancer in Japanese women. This does
not imply, however, that differences do not
exist, but rather that any differences were not
discerned by wusing the current histological
classification.

Our observations are essentially similar to those
reported in a review of breast cancer in women
irradiated for postpartum mastitis by Dvoretsky
et al.?! Except for an increased desmoplastic
response to the cancer in their control group,
which was not observed in our study, breast
cancer in these exposed women did not differ
from that in our subjects for the usual
histological variables. However, in the present
review, other changes were observed in the
collagen, which are believed to be the result of
A-bomb irradiation..
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Because irradiation does not reduce the age at
which breast cancer develops in Japanese women
despite increased incidence and because radiogenic
breast cancer does not differ histologically from
spontaneous breast cancer, it is suggested that
radiation increases the susceptibility of breast
tissue to those factors (such as endocrine, etc.)
that have been implicated as the cause of
spontaneous breast cancer. This suggestion is in
keeping with observations on laboratory animals
that hormonal factors tend to modify radiation-
induced breast cancer. For instance, in rats,
ovariectomy following irradiation reduces the
incidence of breast cancer while treatment with
diethylstilbestrol increases the incidence in
certain strains.!®!®

The results of the pilot study of noncancerous
human breast tissue exposed to 100+ rad revealed
no residual atypical or epithelial proliferative
lesions in either lobules or ducts. In contrast,
the participating pathologists were impressed by
the extreme degree of atrophy as well as a
definite fibroelastotic change that occurred in the
stroma, usually around the ducts. A similar
change was observed in some of the irradiated
women with breast cancer. In addition, a
degeneration of fat tissue similar to that occurr-
ing in malnutrition, irradiation, or cachexia was
noted. In this regard, changes in the connective
tissue surrounding the lesions were also noted in
women irradiated for postpartum mastitis.?!
Perhaps stromal changes, if they can be better
defined, may prove to be a marker for radiation
exposure.

RERF TR 11-82

W L > THRA LD IMEEREH 4 54,
TR ORBEMIIT & FAS A0 & &, Mg
PEFLER 12 B SATEE O UM LB F A IC 2 R 5 B
Tk T, mwﬁuin.%ﬂm%maﬁﬁiw
HEOBREEEZL 5T ER (NS ~D
BEEIF G232 LARESsNE. 202 &,
EERMM AR VARV E Y O BER N bS5 %N
AW e ZiLEs LT OEVIBMBERL 8T 5.
BlAE, 79 b CIEHSGEHERIN 2B+ 5 &
LS AL+ 5 4, diethylstilbestrol % i
THRESSE, $5HDF 5 FCEEEEORIN
H5iha, e

100rad L) Bz L 7= v b o Ik L8 S 8 o0 & 5k
AT, DL T ICLBIEEEE R L bk
MW BEE RSN Lo, FRE M,
MEIZBML 2HEBEE L 51, BHILERLD
HEITREL WA ZHERIEOEZ T TE L
B2 EMHICLBEY L. — ORI
[Fl#k O ELFBRE S N, AT, REREEE, R
PR UL IZ bW TRA 5 0 & [AERD JE B HH &
DEMEAH SN, TR L T, ik IR 2
xt LTSRS 22 2w 3B EREO
EHEHEoZEL b BEEA TV E. Y RAE (LD ESR
FEIZE LS B, BHEERS M RHERD
e 2 3THS ).

In the continued interest of accurately defining the late effects of the atomic bombs, the qualitatvve wnd
quantitative characteristics of the A-bomb radiation exposure doses are periodically refined. If warranted hy
future dose assessments, the data reported here will be reanalyzed and subsequently reported.
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