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SUMMARY

A case-control study was made on female breast
cancer cases and their matched controls in the
Life Span Study sample. The index cases were
detected during 1958-69 among the 251 breast
cancer cases ascertained originally by McGregor
et al.

The purpose of this study was to define the
epidemiologic risk factors of breast cancer among
Japanese women, to test for radiation effects in
the presence of other risk factors, and to search
for interactions.

The survey was conducted by interview at home
visits for those residing in the Hiroshima and
Nagasaki areas, and by mail survey for others.

The interview was carried out by several trained
interviewers, Information concerning suspected
risk factors of breast cancer, such as familial
history, education, age at menarche and
menopause, marital history, reproductive history,
history of breast feeding, etc., was collected for
-both index cases and controls.

Out of 183 original pairs, analysis was made on
164 pairs with available information for both the
index and control, using the method of matched
samples described by Mantel and Haenszel

There was enhancement of risk for those exposed
to high radiation dose (100 rad or more).
Although most major resuits were similar to
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those of previous studies, a significant increase of
risk was observed among those under one of the
following conditions: actual duration of marriage
was less than 10 years; number of pregnancies
was two or less; and age at delivery of first live
born child was 27 or over.

These factors had a mutual interrelationship and
cases with two or more of these risk factors
showed higher risk than those with one.

Additive interrelationship was demonstrated
between radiation dose and these marital or
reproductive risk factors in elevating the relative
risk of breast cancer.

INTRODUCTION .

Experimental and epidemiologic studies of the
carcinogenic action of iomizing radiation upon
breast tissue have recently been reviewed by the
United Nations Scientific Committee on the
Effects of Atomic Radiation (UNSCEAR)' and
by the National Academy of Sciences Committee
on the Biologic Effects of Ionizing Radiation
(BEIR).?

These expert committees have concluded that
exposure to ionizing radiation increases the
incidence of breast cancer in women. The BEIR
estimate is about three deaths per million woman-
rem-years, averaged over the 5-year pericd
between 20 and 25 vears after exposure, and
rates of six or more cases per million were
suggested for incidence.

Three kinds of epidemioclogic evidence showing
higher risk of breast cancer were used as the basis
of their conclusion: patients who had been
examined by multiple fluoroscopy during
artificial pneumothorax treatment of tuber-
culosis;3’4 patients treated with X-ray for acute
postpartum mastitis;® and atomic bomb survivors.
Higher risk of breast cancer has been observed
in the high radiation dose group of A-bomb
survivors.®

Deaths from malignant neoplasms in the breast
among Japanese women in 1971 accounted for
only 4.9% of all deaths from malignant
neoplasms, whereas the proportion was 20.1%
among American white women in 1968 and
20.7% among British women.”  The lower
incidence of breast cancer among Japanese
women compared with women in Western
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countries is attracting much attention of cancer
epidemiologists.

The difference in age-specific incidence between
low-risk countries and high-risk countries is high
in the age group 40 or more.'°

Studies of migrant populations show that breast
cancer rates of migrants and their daughters
move more slowly toward those of the host
population than do rates for most other forms of
cancer. However, it is reported that descendants
of Japanese who have migrated to the United
States have rates higher than women living in
Japan.!! The Oriental-Caucasian difference in
rates has been attributed to difference in environ-
mental factors.!?

At present, various risk factors for human breast
cancer other than ionizing radiation have been
suggested by numerous epidemiologic, experi-
mental, and clinical investigations, The epi-
demiologic risk factors proposed by them are
familial history of breast cancer, higher school
career, early menarche, late menopause, spinster-
hood or late marriage, less pregnancy or delivery,
first pregnancy or delivery at older age, no
history of breast feeding, etc.

Recently, MacMahon et al'? reviewed these data
on known risk factors and enumerated the major
predictors of risk, such as age, geographic area
of residence, age at first birth, certain indicators
of ovarian activity, history of benign breast
disease, and familial history of breast cancer. It
was suggested that the existence of numerous
risk factors other than radiation created an
obligation to verify or validate the radiation
effect by taking other risk factors into account.

The purpose of this study is to define the
epidemiologic risk factors of breast cancer among
Japanese women and to test radiation effect in
the presence of other risk factors. We took the
McGregor et al series® as a convenient source
of material, the starting point for a broad
epidemiologic study of both radiation and other
factors.

MATERIAL AND METHCDS

Considered for this study were all cases
diagnosed during 1958-69 which were included
in the 251 female breast cancer cases ascertained
in the study by McGregor et al® Cancer cases
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included in the original McGregor study were
reviewed by Tokunage et al'® for his study of
breast cancer cases for the period 1950-74.
Tokunaga’s criteria, a little different from
McGregor’s, Tesulted in a2 deletiqn of 20 cases. In
the present study, 12 of the 20 cases discarded
by Tokunaga are included among the 183 index
cases, Of the 12 cases, only one is in the high
dose region (444 rad).

As described by McGregor et al there was no
serious bias in selection of cases in relation to
radiation dose. Therefore, no special attention
was given to the problem of estimating relative
risk according to dose group. Analysis was
made on a city-combined basis, as no significant
differences in the effect of radiation by city
were shown by McGregor et al. Also, the
number of cases were too few to obtain
significant results by city. Among the 183
cases, 82 had died by the end of 1971.

Case-control approach was considered appro-
priate for this study. The necessary information
on the epidemiologic factors of interest was not
routinely collected on the Life Span Study
sample to which more than two-thirds of our
cases belong, so we could not choose the retro-
spective cohort approach,

For this case-control study, the control was
selected at random for each index case matched
according to the following: sex, date of birth
(£24 months), city, sample classification'
(whether or not in the clinical examination
portion or the remainder of the sample), place
of residence (in city, in prefecture, or other
prefecture), and survival status (for deceased
cases, by date of death £ 24 months).

The controls were also chosen so as to satisfy
the following requirements: death must not
have been before the diagnosis was made for the
corresponding index cases, and the cause of
death must not be a malignant neoplasm of any
site. If there were plural candidates of control,
the one with the lowest Master File number was
selected.

The T65 dose'> was used as the estimated
radiation exposure for each individual. The
study was conducted by interview on home visits
for persons who were residing within the
contacting area (municipal and surrounding areas
of the two cities). For persons residing outside
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the contacting area, the information was
obtained by a mail survey.

For deceased cases, the survey was done on
relatives who were most familiar with the cases.
The method of survey was always the same for
both the index and the control in a pair. The
members of the RERF Field Operation Section
who were well-trained for health survey
conducted the interviews. They were not
informed whether the interviewed case was the
index or the control. Two follow-ups at intervals
of 2 weeks were made for nonrespondents to the
mail survey. The same form of questionnaire was
used for both the interview and the mail survey
(Appendix 1). This questionnaire was designed to
collect the information concerning all risk factors
which had been mentioned in the previous
reports. The possible risk factors of concern
were education, early menarche, late menopause,
marital history, number of pregnancies or
deliveries, and the age at first conception or
delivery. We tried to obtain this information for
both members of each pair as of the time when
the disease of the index case was detected. The
survey was conducted during the period from
Yanuary to April 1973,

Of the 183 original index cases 2 were excluded
because they could not be contacted. Among
the remaining 181 pairs of index and control,
165 paits were interviewed and 16 pairs were
surveyed by mail.

In order to use the method of analysis by
matched pairs, if the return from either member
of a pair was not completed, the pair was treated
as incomplete. The numbers of pairs completed
was 152 (92.1%) for the interviewed group and
12 (75.0%) for the mailed group. There was no
significant difference of completion rate between
alive and deceased pairs.

Analysis was made on the 164 pairs which were
completed. According to the interviewers’
subjective judgement, the reliability of interview
was considered to be the same for both indices
and controls., Table I shows the distribution
of informants for deceased cases. Uniformity of
the distribution between indices and controls
was confirmed by chi-square test.

After confirming the comparability of the index
and the control in each pair, analysis for defining
the relative risk of indices to controls was made
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TABLE 1 DISTRIBUTION OF INFORMANTS FOR DECEASED CASES
#1 FCHoREREZOST

Index Control
Informants

. cases cases
Husband 24 21
Son 7 7
Daughter 15 13
Son’s wife or daughter’s husband 9 5
Brother 2 3
Sister 4 3
Other relatives 13 22
Total 74 74
=379 (df=5) P>0.1

TABLE 2 DISTRIBUTION OF INDEX CASES BY AGE AT DIAGNOSIS
%2 IRTEE o) T IE S & B 5 A6

Age Index Cases
Total 164
20-29 3
30-39 37
40-49 47
Subtotal of ‘younger’ 87
50-59 35
60-69 26
70-79 11
80-89 4
90+ 1
Subtotal of ‘older’ 77

on each factor (including radiation) to be
examined. The method of matched sample study
described by Mantel and Haenszel'® was used
for testing the significance of relative risk.

For multiple contingency tables, the relative risk
of subjects within a certain level of a factor with
which the risk was assumed to be associated, was
compared with that of other subjects using the
same method. The two groups to be compared
with each other are shown in the rectangular
boxes in the tables.

Several risk factors which seemed to have
significant relation to breast cancer were selected
after examining the significance of each. These
were then combined for a multivariate com-
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parison to confirm the effect of radiation within
homogeneous risk classes and to observe inter-
action between these combined risk factors and
radiation. Interaction between radiation dose
and the other risk factors was investigated by
the empirical logistic analysis of relative risk.!”

For several factors where the age at diagnosis
of case was thought to need special consideration,
analysis was done by the age group (under 50
and 50 or over) as well as total. The number of
the ‘younger’ and the ‘older’ was almost the same
{Table 2).

RESULTS

For the purposes of analysis, several items were
thought to have little value since an extremely
small number of cases had the referred history
(e.g., history of medical treatment, specific
diseases, smoking, etc.). Consequently, these
items were omitted from presentation.

Estimation of Relative Risk of Breast Cancer in
Relation to Radiation Dose

As a first step, the relative risk was calculated
for breast cancer in relation to radiation dose
(Table 3). There is demonstrated a marked
difference in enhancement of relative risk related
to radiation dose by age at the time of the bomb
(ATB). A positive relationship is found between
radiation dose and risk of breast cancer in
yvounger subjects aged 39 or under ATB, and
statistical significance is observed for the group
aged 20-39 ATB, whereas no relationship is found
in subjects who were older (40 or over ATB).

For subjects 39 or under, the relative risk for
those exposed to 200 rad or more, is estimated
8-10 times higher than those who received less
than 1rad. The inflection point of risk is
estimated to be 100 rad from this result.

Comparison of Familial History of Malignant
Neoplasms

About 20% of subjects (22.2% for index and
20.7% for control) had had one or two cases of
malignant neoplasms among their grandparents,
parents, siblings, and offspring.

Although there are no significant differences
between indices and controls in total, it is of
interest that there are six index cases with
breast cancer in their family in contrast to only
one control case with the same familial history.
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TABLE 3 COMPARISON OF T65 DOSE ( IN RAD) BY AGE AT TIME OF BOMB
#3 T OoRRAt ( rad BAT) O Iedk, FIRAFERRI

Index case
Age ATE  Control case, :

<1 rad 1-99 100-199 200+  No estimate Total
Total  <1rad 45 28 5 7 3 88
199 26 25 4 5 60
100-199 2 2 1 5
200+ L3 2 1 6
No estimate 2 2 1 5
Total 78 57 10 15 4 164

Relative risk 1.0 1.1 2.3 2.8 -
0-19 <1 8 5 1 2 16
199 5 6 1 3 15
100-199 [ 1 1
200+ 1 1
No estimate 1 2 3
Total 14 13 3 5 1 36

Relative risk 1.0 1.0 34 5.7 -
20-39 <1 16 19 3 5 3 46
1-99 15 12 1 1 29
100-199 1 1
200+ 1 1
No estimate 1 1
Total 31 32 5 7 3 78

Relative risk 1.0 1.6 7.4 10.3 -
40+ <1 21 4 1 26
199 6 7 2 1 16
100-199 2 1 1 4
200+ 3 3
No estimate 1 1
Total 33 12 3 2 50

Relative risk 1.0 0.6 0.6 0.5 -

Test of significance of relative risk (99 rad or less vs 100 rad or more)

Total RR=21/7=3.0 x*=6.036 0.05>P>>0.01

20-39 RR=1074=10.0 x*=5.818 0.05>P>0.01

40+  RR=%g=0.7 X*=0.100 P>0.1

Among the six breast cancer cases who were
relatives of index cases, three were sisters, two
were daughters, and one was a mother, The
control case had a sister with breast cancer.
These findings suggest familial aggregation of
breast cancer.

Education

The subjects who have graduated middle school
(Prewar system), senior high school (Postwar
system), or college or university, have a higher
risk of breast cancer than those with a lower
grade of education. The relative risk is 1.6
and chi-square value is 3.409 (0.05<P< 0.1).

H5. FRAOHETH = 6HOLERO I 5,
I ik, 2HIE, 1FNAETH -, A
B IFAZIEDS B hlEAH /2. LI LORRIL,
FLERO FREHIEZ RES 3,

FHE
EmEEREN), BHFEEOEE), FLGEM
EHPREAERZLTVLIEE, ZhEVEREOR
WEEDLILBOBRE S, HAERERL S,
X2 {H123.409TH 5 (0.05<P < 0.1).
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TABLE 4 COMPARISON OF AGE AT MENARCHE BY AGE AT TIME OF
DIAGNOSIS (LIVING CASES ONLY)

#4 DMNEER O b, RUTIRAEMI (L FERHGS)

Ape at Control Index Case
Diagnosis case <13 14+ Unknown Total
Total <i3 3 7 10
14+ 14 61 2 17
Unknown 1 2 3
Total 18 70 2 30
<50 <13 1 S 6
14+ 14 37 51
Unknown 1 1
Total 15° 43 58
50+ <13 2 2 4
14+ 24 2 26
Unknown 1 1 2
Total 3 27 2 32
Test of significance of relative risk (13 years or under vs 14 years or over)
Total RR=14/7=2.0 ¥*=1.714 P>0.1
<50 RR=14/5=2.8 x2 =3,368 0.1>P>0.05
50+ Impossible ‘
A #ZEE

Menstrual History

As it was impossible to obtain correct data
concerning this item from deceased cases,
analysis was made only for information from
living cases. The relationship between the age
at menarche and the risk of breast cancer is
shown in Table 4. For subjects under 50 years
of age, the ratio of those whose age at menarche
was 13 or under is 26% (15/58) in index cases
and 10% (6/58) in control cases. The former is
2.5 times higher than the latter. Compared to
the others the relative risk of subjects whose
age at menarche was 13 or under is 2.8 and
significance is suggested. For subjects over
50 years of age the enhancement of risk among
those whose age at menarche was earlier is not
demonstrated.

Since there were many subjects who had not yet
experienced the menopause in the younger
group, the analysis of natural menopause was
made only for the older and alive group as shown
in Table 5. Twenty-two index cases and 18
control cases had already ceased to menstruate
at the time of the survey. About two-thirds
of index cases stopped menstruating before
50 years of age, as compared with one-fourth
for the control cases. The relative risk of

COEBIETAEHLEHERCH S HESIZ &
BARTHETH2 20T, EHFEF»SOERIZO>NT
OHEH BT T4, DNBRERLAROR
BRELOMEFRLALOTHS. WEIFERS A 136
KRG TH-EDIEL, SIERBOFIZHVTI,
TetEl ¢ 12 26% (15.98) , AMEETI£10% (6 ~58)
Thd. METHREO2LHETS 5. WS
IBERMTHEHLEOZNOMOEF LW 3 Mk
B, 2.8kkEeh, AEEIRESsNS. 50K
DEoHIsEwTE, WBERILDEL>L2F
IZIEREOMIMLED LS hn,

HERTE, FAHENEERLTVEVENFE
Pol-mT, BHAMEMOBERE, Z51InT LS
CEROEFBHCOVWTOMT2, HEM2E,
XU R R 18 E, MFEETCIIMEL Tk
IBERTE, W3N02AT50E LIATICEEEL 2,
HEHRTCEAFD 1 Thoh. HEMER I 498
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TABLE 5 COMPARISON OF THE AGE AT NATURAL
MENOPAUSE (OLDER, LIVING CASES ONLY)

#5 BARESHREROLE(EHOEFHOS)

Index case
Control tase
<50 50+ Total
<30 4 2 6
S0+ 11 6 17
Total 15 8 23

If either of a pair has unavailable information or history of artificial menopause, the pair is excluded
from the analysis. Subjects before climacterium were included in the 50+ group.
Test of significance (50 years or over vs under 50)

RR=2/11=0.2 x*=4.92 0.05>P>0.01
LtL1odbouths, BHERAFZARATHAMERYHLIBEE, TOHIETHER»SRIETS.
FHEMUMOEIZS0+" RS L,

TABLE 6 COMPARISON OF THE AGE AT THE FIRST MARRIAGE
®6 FMEREOFRO R

Index case
Control case

15-17 18-20 21-23 24-26 27-29 30+ NA*Unknown Total

15-17 2 1 3
18-20 4 13 16 8 2 2 6 51
21-23 11 12 18 6 2 10 59
24-26 7 7 3 3 3 4 27
27-29 1 5 1 7
30+ 2 2
NA- Unknown 1 6 3 2 1 2 15
Total 5 42 44 31 12 7 23 164
Test of significance of relative risk (27 or over vs 26 or under) *Not Applicable
Total RR=18/8=2.3 x2 =3.115 0.1>P>0.05
<50 RR=11/6=1.8 x2=0.941 P>0.1
50+ RR=7/2=3.5 x*=1.778 P>0.1

subjects whose age at menopause was 49 or KB TH A BEOMEMBHREZSSTHY, ZOMHE
under, is 5.5 and this value is judged significant. HEETH B,

Pain or strain in the breast at menses was analyzed )
for living cases. Although a lower risk was Rz 3 AFOMe e BB IO 0TE, 477

observed for those younger subjects with these EMBPUBRETo 4. ChSOEREFL LS
complaints, no significant differences are obtained EEDRBERE, 1Y, bbbhERELERT

in general. oy
Marital History
No significant difference occurred in relative EEE

risk of breast cancer by experience in marriage WET->AHRETE, SIBERNOILBOMEY
among the subjects studied. There is a tendency RRECHEAZERD ARk, E6IIRT
for those who married at 27 years of age or older . . . o i

to have a higher risk of breast cancer than £315, 2T ETEEL f“%:( i, % ftU'-FT il
those who married earlier as shown in Table 6, LaELDLIBOBEREFGUEENLD, 20

and the relative risk is estimated to be 2.3. MatfaBER, 2.3LHEEN L.

10
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TABLE 7 COMPARISON OF ACTUAL DURATION OF MARRIAGE"
®7 ERFROEEAMOLE

Index case
Age Control case |

<10 10-19 20+ NA- Unknown Total
Total <10 10 5 19
10-19 E 25 10 8 51
20+ .13 53 9 81
NA- Unknown 3 9 1 13
Total 24 43 74 23 164
<50 <10 9 3 14
10-19 22 6 7 43
20+ ! 10 10 2 25
NA- Unknown 3 2 5
Total 20 - 37 18 12 87
50+ <10 1 2 5
10-19 3 4 1- 8
20+ 3 3 43 7 56
NA- Unknown 7 i 8
Total 4 6 56 11 71

Test of significance of relative risk (less than 10 yearsvs 10 years of mote)

Total  RR=14/4=3.5 x>=4.500 0.05>P>0.01
<59 RR=11/2=5.5 x*=4.923 (.05>PF>>0.01
50+ RR=3/2=1.5 x*=0 P>0.1

An analysis was made on the occurrence of
breast cancer among those widowed or divorced
and a significantly high relative risk was observed,
specifically in the younger group. The relative
risk is estimated to be 2.7 and chi-square value
is 4.654 (0.01<P <0.05).

Since it was expected a priori that those subjects
whose actual duration of marriage was shorter
would have a higher risk of breast cancer, the
index and control cases were compared and this
tendency is evident in the <{50 age group (Table
7). Relative to the index cases, the control cases
were married for a longer period of time,
especially for those <50 years of age (RR=5.5)
as well as for all ages (RR=3.5).

Reproductive History

The differences between the index and control
cases as to the number of pregnancies, the age
at first pregnancy, history of abortion or still-
birth, number of live born, and the age at
delivery of the first live born child were
examined.

Table 8 compares the number of pregnancies for
the living index and control cases and there is a

13

REAFARESEIETIABEORERIIONT
LM EToRE A, BPUFERIEVTIR, #
FUIBOEMEBREABRD S L, T OESERE
F2.7LEEEEATHY, X REHEITL.64TH 3
{0.01< P <0.05).

EROHBHMMAFE > » 2 2 E TR HBOERE H
B LAEENIEEE 0T, BEH L I
DMTILE TV, Z0& D SHEEABRRBOFE
WE TR Z L a2z (RT). REMILNT,
rURAE, 1250 ki #E (RR=5.5) & 5 (FIC
EFE#E (RR=23.5) CHHEBEMI LV BRd -7,
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TABLE 8 COMPARISON OF NUMBER OF PREGNANCY (LIVING CASES ONLY)
#8 HIREHOIRE (EFHOS)

Index case
Age Control case
’ NA-
0 1-2 34 5+ Unknown Total
Total 0 1 1 2 2 1 7
1-2 2 5 4 2 13
34 3 8 9 10 5 35
5+ 5 9 8 10 1 33
NA-Unknown 1 1 2
Total 12 24 23 24 7 90
<50 0 1 1 2 1 5
i-2 1 2 4 1 8
34 2 4 8 7 5 26
5+ 3 4 6 4 17
NA-Unknown 1 1 2
Total 8 12 20 13 5 58
50+ 0 1 1 2
1-2 1 3 1 5
34 1 4 1 3 9
5+ 2 5 2 6 1 16
NA- Unknown
Total 4 12 3 11 2 32
Test of significance of relative risk (2 or less vs 3 or more)
Total RR=25/10=2.5 X =5.600 0.05>P>>0.01
<50  RR=13/8=1.6 x°=0.762 P>0.1
50+  RR=12/2=6.0 x®=5.786 0.05>P>0.01
tendency for the index cases to have fewer HmAd s, Zodmid, SRS, bR N &

pregnancies. This tendency is stronger in the
clder age group. A remarkable difference in the
ratio of subjects with two or less pregnancies
is seen between the indices (43%) and the
controls (23%). This finding means a higher
risk of breast cancer for married women with
fewer pregnancies. The relative risks are 2.5, 1.6,
and 6.0 for the total, the younger age group, and
the older age group respectively. The first and
the last are significant values.

The age at first pregnancy was not found to be
significantly related to the risk of breast cancer.

History of interruption of normal reproductive
coursc was compared between the indices and
the conirols. Although no significant results
were obtained, it is interesting that lower relative
risk is suggested for women with a history of
artificial abortion. It may be assumed that
this is due to the relatively frequent pregnancies
among them.

12

F2BELRZNLTTHEHEOLIS, BTHEMH
(43%) L Xt (23%) DMz, EWHERTHED S
5. ZOMKIE, EEEEODY L VIR EIZT
BEMREFSCZEERTET 5, 2ERRME, B,
AmECETAEABEBRIZEE, 2hER25, 1.6
HELUEITHD. RV EEBEOAEVWTFLLES
Th3.

SR AR S & LS TERAE & ORI HE T H 5
L@ s h b ot
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TABLE 9 COMPARISON OF THE AGE AT DELIVERY OF THE FIRST LIVE BORN CHILD

#9 W1HEROIESERD L
Index case

Control case -
<20 21-23 24-26 2729 30+ NA-Unknown Total
<20 1 8 5 5 3 4 26
21-23 3 8 9 5 16 41
24-26 5 8 14 4 8 7 46
27-29 3 2 3 2 4 14
30+ 1 3 1 1 &
NA-Unknown 5 8 1 5 4 8 31
Total 17 35 35 22 15 40 164

Test of significance of relative risk (27 or over vs 26 or under)

Total

Among the younger living subjects, the average
number of pregnancies for women who
experienced artificial abortion is 4.5, and that for
women who had ever been pregnant and not
experienced artificial abortion is 3.3. The
difference is statistically significant. A tendency
for the relative risk fo decrease as the number of
children increases, is seen for the older group.
The relative risk of subjects who had delivered
three or more live children is as low as a half of
that for other subjects. However, these findings
are not statistically significant.

A prominent feature of the younger group is
that the number of live births is leveled off
between one and three. About 80% of the
younger subjects who had been pregnant fall
in this category. As there are very few subjects
with numercus children these days, it is difficult
to evaluate various kinds of phenomena supposed
to be related to the number of children. The
reason for this leveling off is considered to be
the widespread legal abortion among Japanese
women after World War II.

Age at delivery of the first live born child was
found to have a close relationship to the risk
of breast cancer (Table 9). It is demonstrated
that women who delivered their first child after
27 vears of age have a significantly higher risk of
developing breast cancer. The relativae risk of
subjects who delivered their first child at 20
years of age or earlier is about a half of the
others. These tendencies are observed for both
of age groups.

History of Breast Feeding
An analysis for living cases shows that breast

13

RR=25/12=2.1 x*=3.892 0.05>P>>0.01
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TABLE 10 COMPARISON OF THE TYPE OF FEEDING BY THE AGE AT THE TIME
OF DIAGNOSIS (LIVING CASES ONLY)

#10 #IALEo ke, DEFREERB (EFHO%)

Index case
Age Control case Mostly breast Not
feeding Others Applicable Total
Total Mostly breast 27 12 11 50
Others 13 10 7 30
NA 3 4 3 10
Total 43 26 21 90
<50 Mostly breast 15 5 5 25
Others 9 9 7 25
NA 2 4 2 8
Total 26 18 14 58
50+ Mostly breast 12 7 6 25
Others 4 1 ’ 5
NA 1 i 2
Total 17 8 7 32

Test of significance of relative risk (others vs breast feeding)
Total RR=12/13=0.9 x2=0 P>0.1

<50 RR=5/9=0.6
50+ RR=7/4=13

feeding does not contribute to any decrease in
the risk of breast cancer (Table 10).

Interrelationship of the Three Major Risk Factors
Concerning Marital or Reproductive Histories

As mentioned previously, a significant increase
in risk was observed among subjects who had
any one of the following conditions: actual
duration of mairiage less than 10 years; number
of pregnancies 2 or less; and age at delivery of
first live born child 27 or over.

Since it was expected that these conditions were
interrelated, the interrelationship of these three
factors was analyzed. Among 90 pairs of living
cases, 32 cases (22 indices, 10 controls) were
excluded because they had never delivered or
some of the necessary information was un-
available. Correlation coefficients between each
two of these three factors are significant, and
the degree of significance is almost the same, as
shown below.

¥=0.643 P>0.1
=0.364 P>0.1

BPIEASEELTLWARVZ L EBH A (#10).

HIEET T HERICEY 53 ACRETEOHEE
E5EES

Rdo & 514z, KRORED I 50w Fiir—DoI128
LEHFTE, GRECHARESZHEMNAIBLS L
HEIE O RMEHAR A 10K TH - E EIREI D
2ELTehsE,; BIEERBEFER Y2V
HBETCH-E.

ChRSORBULIHAERE Y2 LEhRLDT,
CHALEZ>ORTFOPEBRFRIIOVWTET&ITH L.
QU M, 32 (F|EM 22, HRHI0) 1k,
HEZEIF B Lo h, DEABOBETIFIAFEA
TuhVAOBHTRINL L, CTALSZ20EHTFD
3h, H2EMOMBMERIEETHY, TOEE
KEBRIEELACRLTSHS. ¥4b5,

71.2=+0.263 (0.001<P<0.01)
71.3=—0.273 (0.001<P<0.01)
v, 3=—0.253 (0.001<P<0.01) df =146

1 Duration of marriage. 2 Number of preg-
nancies. 3 Age at first delivery

1. EEESIRT. 2. MIEE . 3. WEMER
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TABLE 11 COMPARISON OF RELATIVE RISK FOR VARIOUS COMBINATION OF THREE
MATJOR RISK FACTORS (LIVING AND PAROUS SUBJECTS ONLY)

211 3KAERETOZHESHEIC G SHMERED L CEFROBERD S )
Risk Factor
Category of Relative
1 Duration of 2 Number of 3 Age at first Combination Tndex Centrol risk
marriage pregnancy delivery
<10 years <2 27+
+ + + A 4 2 3.2
+ + - B 4 2 3.2
+ - + C 2 0 -
- + + D 5 4 2.0
+ - - E 2 5 0.6
- + - F 10 5 3.2
- - G 9 11 1.3
- - - H 32 51 1.0
Total 68 80
with Risk Factor 1 {A,B,C,E) 12 9 2.1
with Risk Factor 2 (A,B,D,F) 23 13 2.8
with Risk Factor 3 (A,C,D,G) 20 17 1.9
with two Factors {B,C,D) 11 6 2.9
with one Factor (E,F.G) 21 21 1.6

This result indicates that these factors are
mutually interrelated. To define the dominant
factor in enhancing the risk among them, the
difference of relative risk by various combinations
of these three major factors is compared in Table
1. It is demonstrated that the relative risk
increases in accordance with the number of
factors and risk factor 2 (number of pregnancies)
produces the greatest increase in risk. But the
number of cases is too small for any conclusions.

Interaction of Marital or Reproductive Risk
Factors and Radiation Exposure

An attempt was made to analyze the interaction
of the aforementioned three major marital or
reproductive risk factors and radiation exposure
on all living subjects.

As these three factors have a mutual inter-
relationship, the subjects who have at least one
of these factors are classified into the “risk
factor positive group”. The cases whose radiation
dose had not been estimated were excluded from
the analysis.

Table 12 shows that the relative risks of breast
cancer for marital or reproductive factors and
radiation exposure by age ATB do not differ
for those subjects who were irradiated at age
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TABLE 12 COMPARISON OF RELATIVE RISKS FOR THREE MAJOR RISK
FACTORS AND RADIATION EXPOSURE BY AGE AT TIME OF BOMB

(LIVING CASES ONLY)
%12 SKEHRETF S & CRIEEEICET 5 0GRz L,
. BEIRIREMA (EERHO &)
Factor Group
Relative
At least one risk
major TGS*EOSE Index Contrel
risk factor*
Age ATB <40
Yes 100+ rad 10 1 20.8
1-99 16 14 24
<1 18 14 2.7
No 100+ 4 1 8.3
1-99 8 13 1.3
<3 12 25 1.0
Total 68 68
Test of significance x°=14.991 df=5 0.05>P>0.01
Age ATB 40+
Yes 100+ 3 3 1.0
1-99 4 3 1.3
<1 4 3 1.3
No 100+ 1 2 0.5
1-99 0 1 -
<1 7 1 1.0
Total 19 19

Test of significance x°=0.619 df=5 P>0.1
** No-estimate cases excluded MESIERAETHRIZBIIL 2.

* SeeTable 11  #11%M

40 or over. For those who were irradiated at
age 39 or under, a significant increase of relative
risk is demonstrated for each of these two
factors.

Although the risk increases by either factor
alone, the effect of radiation is even stronger
than that of marital or reproductive factors
and it appears to increase the risk additively.

Table 13 shows a more detailed comparison of
relative risks by the number of marital or
reproductive risk factors and radiation dose. The
tendency for the relative risk to increase with an
increase in the number of risk factors is observed
especially in the low dose group.

In the high dose group, direct estimation is
difficult because there are only two controls with
doses of 100 rad or more. However, faking all
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TABLE 13 COMPARISON OF RELATIVE RISK FOR NUMBER OF MAJOR RISK
FACTORS AND RADIATION EXPOSURE
(AGE ATB <40, LIVING CASES ONLY)
#13 LEMMETOH e & CRGHRER IO T 5 M R O s
(R FRA0RFBOETFHOZ)

Major risk factor*

T65 dose Group Total**
- 0 1 2 3

100+ rad  Index 4 5 3 2 14
Contzol 1 - - 1 2
Relative risk 8.3 - 10.4 [9.1]

1-99 Index 8 5 8 3 24
Control 13 10 3 1 27
Relative risk 1.3 1.0 5.7 [1.2]

<1 Index 12 7 6 5 30
Control 25 5 6 3 39
Relative risk 1.0 2.9 2.5 [1.0]

Total** Index 24 17 17 10 68
Control 39 15 9 5 68
Relative risk (1.0) (1.8) (3.1) (3.3)

* See Table 11. Spinsters were assumed to have 3 risk factors and nulliparous subjects
were assumed to have also Risk Factor 3.
F1URB, #HERACE-0GREFS, 2 LREERMIBIERE T2 AT EREL L.

** Relative risks according to the number of major risk factors are shown (

), and

those according to radiation dose are shown|[ ]

{ YHOHFI, TEREREFoRIELAEMERETCHY,

BULEHHERETSH 5.

controls together, 39/68 (57%) had 0 risk factors.
For index cases with less than 100 rad, the
corresponding proportion was 20/54 (37%), and
for 100+ rad, it was 4/14 (29%). This suggests
that the “major” risk factors were not less
important among the high dose cases than among
the low or zero dose cases,

DISCUSSION

Many experimental, clinical, and epidemiological
studies have presented evidence indicating a
carcinogenic action of ionizing radiation on
breast tissue as quoted by McGregor et al.® The
present result can be evaluated as an effort to
supplement this evidence by the case-control
approach.

It is interesting that the radiation effect is
observed only among those aged 39 years or
less ATB. This could result from younger
individuals being more susceptible to radiation,
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but it is necessary to consider that the women
aged 40 years or more ATB might have greater
risk of dying from causes other than breast
cancer since most of them had exceeded 60 years
of age during the study period (1958-69).

As the risk of breast cancer increases at an
earlier age than that of other cancer, almost all
female A-bomb survivors have attained their
“breast cancer age’, Therefore, careful attention
must be paid to all women who were exposed to
a high dose of radiation in their early years.

A question could be raised concerning bias in the
rate of ascertainment of index cases by radiation
dose, as subjects with higher dose might have had
more opportunity to be detected than those with
lower dose. If this were so, it would be useless
to make a case-control study based on such index
cases, However, McGregor et al® showed that
there was no serious bias in their breast cancer
ascertainment.

Although almost all of the possible risk factors
of breast cancer other than A-bomb exposure
were surveyed, few results were obtained
showing significant differences by the presence
or absence of these factors.

A Dhistory of medical treatment or specific
diseases related to hormonal disturbance and
familial history of breast cancer seem to be
difficuit to analyze as there are very few subjects
who have such histories.

A history of higher education and professional
occupation has been assumed to enhance the risk
of breast cancer.!®'1° However, they are not
considered to be the primary factors. [t is more
reasonable to reason that women who have more
education or have some occupational experience
requiring higher education, are apt to delay
marriage or lose the opporfunity to be married,
to become pregnant, or to deliver children.

The hypothesis that lactation lowers breast
cancer risk has long existed. But, recently,
MacMahon et al'®*? concluded that it has little,
if any, effect on breast cancer risk based on
many epidemiologic studies. The present results
also support these findings, Therefore a history
of marital or reproductive experience and some
indices of ovarian activity are assumed to be the
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primary risk factors of breast cancer from the
epidemiologic viewpoint. We will discuss briefly
these factors, comparing our results with those
of other studies.

Most of the present major results are not in-
consistent with the findings already reported.
Although a significant result was not obtained,
the suggestive evidence of increased breast cancer
risk with earlier menarche coincides with many
other case-control studies,!'*~2*

The most important inconsistency was observed
on the age at natural menopause. Despite
negative studies,25 the weight of evidence
suggests that women with late natural menopause
have increased breast cancer risk.’*"2!'2®  An
epidemiologic study on women in Tokyo showed
that those who were 50 years of age or older
at natural menopause had a higher risk of breast
cancer than those who reported its occurretice
prior to 50 years.'®  Trichopoulos et al®’
estimated that women with natural menopause
at age 55 or older had twice the risk of those
whose menopause occurred naturally before
age 45. On the other hand, a contrary result
is demonstrated in the present study. The reason
of this difference is unknown. However, there
could be considerable error in recalling the
age at menarche or menopause, especially in the
case of middle or old aged subjects.

The evidence of lowered risk of breast cancer for
women with a history of artificial menopause
shown by Lilienfeld in 1956, has been
confirmed by many investigators®?%* As the
questionnaire on this item was incomplete in
the present study, the protective effect of
artificial menopause could not be analyzed finely.

Marital history is one of the important factors
related to the development of breast cancer.
Other studies have demonstrated that breast
cancer occurs more frequently among single than
among married women,!9:18:23,30

The age at first marriage is said to be related to
the occurrence of breast cancer. A study on
Japanese women showed that the average age
at first marriage of cancer patients was signifi-
cantly older than that of the controls.® In
our study increased risk of breast cancer was
observed for women who had married later or
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who had been widowed or divorced. Conse-
quently, actual duration of marriage of the
patients is shorter than that of the controls.
A difference of radiation exposure was not
observed between living subjects with less than
10 years of actual duration of marriage and those
with a longer period of marriage. Therefore, it
may be concluded that an uninterrupted
marriage at an early age is protective against the
occurrence of breast cancer,

Concerning reproductive history, the number
of pregnancies or live born children and the age
at first pregnancy or delivery are thought to be
important factors related to the risk of breast
Camncer.

An inverse relationship of risk with parity is one
of the earliest known features of the epidemi-
ology of human breast cancer. Knowledge of
this relationship was refined in a recent
collaborative study conducted in seven areas of
the world which have very different breast cancer
incidence rates.'®*12

It was found that: breast cancer risk increases
with increase in the age at which a women bears
her first full-term child; to be protective,
pregnancy must occur before age 30; the
protective effect is essentially limited to the
first birth; protection is exerted only by a full-
term pregnancy; and the protection conveyed by
early first birth is manifested at all subsequent
ages.

In the present results it is impossible to deny the
evidence that nulliparous women have higher risk
than multiparous women.

In Japan, where artificial abortion is widely
practiced, it is important to determine whether
pregnancy per Se or pregnancy plus a full-term
birth is the major protective factor against breast
cancer.

A remarkable decrease of risk among women
first parous before age 18 presented by
MacMahon et al*' cannot be observed in this
study as there are no subjects in this category.
However, it was clearly demonstrated that the
relative risk of breast cancer increases in
accordance with the age at first birth.

With regard to the three major risk factors
involving marital or reproductive history, the
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most effective factor in affecting the risk of

breast cancer is presumed to be the number of

pregnancies.

It can be inferred from these results that the
risk increases in proportion to the number of
these factors involved and high radiation dose
(100 rad or more) cooperates additively in
elevating the risk of breast cancer.
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APPENDIX | QUESTIONNAIRE
81 HREE

Confidential ‘ Reference No. [ (L ] 1

SURVEY ON HEALTH STATUS OF WOMEN
Hiroshima/Nagasaki Branch Laboratories,

TINIH, Ministry of Health and Welfare

This survey will be used only for medical purpose. Any entries you make herein will not be
disclosed to others. Your cooperation is earnestly requested.

Name:
Meiji
Date of birth: ) s of Taisho
Showa
day month year
Date of death: . , of Showa
day month year

Present address :

(If deceased, give name and address of person who reported the death.)

If we have made any errors in your name, date of birth or address, please correct.

How to make entries: Answer questions with [J as [ ;for others, enter answers in the ( )]
or on
Person filling out this questionnaire: {d the subject himself

If not the subject, give name and relationship to the subject.

Name: Relationship: ( of subject)

1. Have you received any of the following treatments from doctors prior to 19 7 If you have,
enter the name of the disease and your age when treated.

Name of treatment Whether treatment received Name of disease Atg;:tfggn
1) Extended use of sex O Yes @ Name of medicine:
hormone drug O No @
(1 month or more} O Unknown Name of medicine:
2)Uterine operation O Yes (1)
(Cesarean section O No (2)
excluded) O Unknown
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Name of treatment Whether treatment received Name of disease Afree:;ilsn
3) Operation of ovary or (O * Yes €}
Fallopian tube O No 2)
O Unknown
4) Operation of mammary {0 Yes [l Right [ Left N
gland O Both sides (2)
O Side unknown
O WNo 0O Unknown
5) Radiotherapy O Yes (Site ) (1
(X-ray, radium, cobalt, |0 No O Unknown 2)
etc.)
6) Artificial pneumothorax | O Yes [J Right [J Left (1)
{Pumping of air into chest O Both sides (2)
as treatment for O Side unknown
tuberculosis) O No [0 Unknown
2. Have vou ever contracted any of the following diseases prior to 19 M‘?

1) Disease of thyroid gland [0 Yes (at about age ) O No O Unknown
(Basedow’s disease, etc.) If yes, give name of the disease ( )

2) Diabetes mellitus 1 Yes (at aboutage )} O No [0 Unknown

3) Disease of pituitary gland O Yes (at aboutage ) 3 No O Unknown
(Simon’s disease, diabetes If yes, give name of the disease ( )
insipidus, etc.)

4} Disease of adrenals (Cushing’s[J Yes (at about age ) O No O Unknown
disease, Addison’s disease, If ves, give name of the disease ( )
ete.)

5) Malignant tumor (Cancer, O Yes (at about age } O No O Unknown
leukemia, etc.) If yes, give name of the disease ( )

3. Has any one among your parents, grandparents, brothers, sisters, children, or grandchildren ever
contracted such a disease as cancer, sarcoma or leukemia? If yes, enter relationship

and name of the disease.

O Yes O No O Unknown
Example 1 2 3 4
Relationship Father
Name of disease Gastric cancer
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7. How old were you when menstruation began?
8. How old were you at menopause?
O Ne¢ menopause yet O Menopause at age O Unknown
9. Have you ever felt pain or distention in your breasts before or after menstruation?
O Yes 0O No O Unknown
10. Have you ever been married? (regardless of whether marriage was registered or not)
O No ] Yes OO0 Unknown

(No. 11 and subsequent questions will be answered only by those who have been married.)

11. At what age did you marry? (first marriage when married twice or more}

12. Have you ever been separated from your husband by death, divorce or separation prior {o
19 ? If yes, how long were you actually married?

O No £l Yes (Approximately __yearsin total) O Unknown
13. Have you ever been pregnant prior to 19 ? If yes, how many times?
O No (01 Yes,  times O Unknown

(No. 14 and subsequent questions will be answered only by those who have
experienced pregnancy.)

14, At what age did you first become pregnant?

15. Have you ever experienced spontaneous abortion or stillbirth?
If yes, how many times?
0 No O Spontaneous abortion, times (O Stillbirth, times
O Unknown
16. Have you ever had artificial abortion?
O No I Yes, times O Unknown

17. How many children did you give birth to? (Include children who died immediately after
birth)

(No. 18 and subsequent guestions will be answered only by those who have given birth.)

18. How old were you when your first child was born?,

25




RERF TR 9-77

or not.

4. Indicate with X mark in the table below the final school attended and whether graduated

0ld system

New system

Name of school

Grad.

Not

grad. Name of school Grad.

Not
grad.

Elementary school (Higher
elementary school included),
national elementary school

Junior high school

Senior high school

Girls’ high school,
notrmal school

Junior college

Special school, higher
normal school, women’s
college

University

Others ( )

Others ( )

5) O Unknown

ete.)

5. What types of work have you engaged in prior to 19 ?

1) (1 Have engaged in no work besides housework {cooking, washing, cleaning, etc.)
2) [ Have helped in family trade (agriculture, sales, services)
3) O Have been employed outside (living-in included)

4) 0O Have been self-employed

If 2), 3) or 4), state the conients of the work comprehensibiy (as, helped selling candy;
engaged in office work, products inspection or fish-peddling; operating a beauty parlor;

Type of work Period
Example: Assembling electric appliances 1950-1955
Bus conductiress 1957-1959
Tea ceremony instructor 1962-present

O No

{3 Unknown

O Yes

6. Have you ever smoked prior to 19 __?

Period (for about years)
Number of cigarets smoked per day:
O4orless O 5-14 0O 15-24

0 25 or more
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19. On what nourishment did you bring up your child? If breast-fed, for how many months?
Mark the applicable places in the table below for each child.

Nourishment When breast-feeding was discontinued
Order
of Almost 50% Alm_o_st.all 6-11
child | completely breast-fed artificial Unk. | <35 mo. o, 12+ mo. | Unk.
breast-fed - | nourishment
1
2
3
4
5
6
7
8
9
10

20. Was there any difference in amount of milk given between right and left breast?

O Left and right breast always gave the same amount

Ul The amount was not fixed; sometimes the right and sometimes the left giving more
O Generally the right always gave more

O Generally the left always gave more

O Unknown

I wish to thank you for taking the trouble to anwer these many questions.

Kenichi Nakamura
Physician in charge of survey
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