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SUMMARY

For 1950-80, 194 ovarian cancer cases were ascer-
tained among the 70,030 females of the RERF Life
Span Study (LSS-E85) sample, and 106 autopsied
cases with benign ovarian neoplasms were ascer-
tained among all 3,046 autopsies performed in the
same sample. On the basis of microscopic review,
66% of the cancer and 84% of the benign tumor
cases were classified by histological type.

The age-adjusted ovarian cancer incidence rates
showed a statistically significant increase with in-
creased exposure dose, both in the entire exposed
group (P<0.01) and the microscopically reviewed
subsct (P<0.01). This dose response was only sig-
nificant (P<0.01) in the latter half of the study pe-
riod, 1965-80. The radiation effect was higher in the
younger age-group at the lime of the homb (ATB)
for the specific attained age or adjusted for attained
age.

In general, relative risk (RR, 100 rad or more vs 0
rad) did not differ by attained age, except for the
youngest age-group (under 20 years ATB) where
the RR tended to decrease with increased attained
age, though cases are few in number and follow-
up study is necessary. Estimated minimum latent
period for radiation-induced ovarian cancer seems
to be 15-20 years.
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The proportion of autopsied cases with benign ovar-
ian mumor increased with increasing exposure dose,
in both the entire series of cases (P<0.05) and the
microscopically reviewed subsel. Statistical signifi-
cance, however, was not achieved in the latter group
(P>0.10). The distribution of histological types of
both cancer and benign tumor of the ovary did not
vary significantly with radiation dose.

The data are consistent with the hypothesis that radi-
ation injury of ovaries with secondary excess of go-
nadotrophic hormones are important causative fac-
tors in the development of ovarian neoplasms.

INTRODUCTION

A recent morlality study based on death certifi-
cates among females in the RERF Life Span Study
(LSS expanded in 1985, E85) sample, Hiroshima
and Nagasaki during the period 1950-82, suggested
a correlation between the incidence of ovarian
cancer and exposure dose.! An increased incidence
of leukemia, as well as various other organs, has
been found in the atomic bomb survivors of
Hiroshima and Nagasaki but reports concerned only
with ovarian cancer in female survivors are few.2—4
The present report deals with a pathological and epi-
demiologic study of incident tumors of the ovary,
both malignant and benign, in the LSS-E85 sample
during 1950-80,

MATERIALS AND METHODS

The study population comprised a total of 70,030
females of the LSS-E8S sample.! All available data
sources, namely, RERF autopsy and surgical pathol-
ogy records, medical schools, hospitals, tumor and
tissue registries of both Hiroshima and Nagasaki,
and death certificates were employed for ascertain-
ment of malignant tumors. The source of ascer-
tainment for benign tumors was limited to the au-
topsy series. Ascertained cases of ovarian tumor
that had occurred during 1950-80 of the study co-
hort totaled 300, consisting of 194 malignant (139
from Hiroshima and 55 from Nagasaki) and 106
benign (85 from Hiroshima and 21 from Nagasaki)
cases.

Of the 194 ovarian cancer cases, 128 (66%) were re-
viewed microscopically by the present authors (ST,
KK, KI, and KO). The proportions of microscop-
ically confirmed cases in Hiroshima and Nagasaki
were 69% (96/139) and 58% (32/55), respectively.
There were no cases of bilateral primary cancers of
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the ovary. The remaining 66 cases included 19 his-
tologically diagnosed cases from which tissue ma-
terials were not available for this study, 28 cases in
which surgical removal of tumor was performed un-
der the clinical diagnosis of ovarian cancer, and 19
cases with a clinical diagnosis of ovarian cancer in
either the clinical record or in the death certificate.

Of the benign ovarian tumors from 106 autopsied
cases in the LSS-E85 sample, 89 (84%) were re-
viewed microscopically. The microscopical confir-
mation rates in cases from Hiroshima and Nagasaki
were 84% (71/85) and 86% (18/21), respectively.
Because tumors were bilateral in nine cases, total
tumor numbers amont to 98 in the 89 microscopi-
cally reviewed cascs.

Histological classification of both malignant and be-
nign ovarian tumors was based on the scheme pro-
posd by WHO.® Tumors of borderline malignancy
and granulosa cell tumors were classified as cancer,
and teratomas associated with malignant transfor-
mation were counted in both cancer and benign tu-
mor groups, while cases in which no primary ovar-
1an tumors were available for histological examina-
tion and cases without ovarian neoplasms, but with
various tumor-like lesions, including endometriosis,
germinal inclusion cyst, and paraovarian cyst, were
all excluded from the classification.

The estimated exposure doses used in this study
were the 1965 tentative dose estimates,® as the
dosimetry revision is underway. Except for indi-
viduals who were not in city (NIC) ATB, person-
years at risk were calculated from October 1950,
the time of the cohort-study commencement, to the
date of any ovarian mumor being first recognized,
lo death in individuals who died without ovarian
tumor, or lo December 1980 in those who were
alive without ovarian tumor. For NIC, person-years
at risk were calculated from 1951 or 1953. The
annual incidence rate was calculated by radiation
dose group, adjusted or specific for age ATB and
city. Data based on multiple strata by age and cily,
with Manlel-Haenszel adjustment for the difference
among the strata” were used for a linear trend test
for the annual incidence rate by radiation dose. As
dose classmark, mean dose was used. In addition, a
Cox regression analysis® was applied to determine
whether the dose-response relationship in the inci-
dence rate was modified by age ATB, attained age,
or time lapsed after the exposure.
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RESULTS

Ovarian Cancer Incidence. A proportion of mi-
croscopically confirmed cases among the 194 ascer-
tained ovarian cancers is shown by exposure sta-
tus in Table 1. There were no statistically sig-
nificant differences in the histological confirmation
rates among these comparison groups. On this ba-
sis, examination for an increased incidence of ovar-
ian cancer among exposed individuals compared 1o
nonexposed individuals, and for any relationship be-
tween incidence and magnitude of dose exposure
among exposed individuals, was made thereaflter ei-
ther with all ascertained cancer cases, or solely with
microscopically reviewed cases.
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TABLE1 DISTRIBUTION OF CASES BY ASCERTAINMENT METHOD AND RADIATION DOSE

&1 WERE N i B O HOAH LR O SEAR) O 4 A
Radiation dose in rad
Method of case Total 0 199 100+ Unknown NIC*
ascertainment
No. % No. % No. % No. % No. % No. %

Total 194 100.0 74 100.0 58 100.0 19 1000 2 100.0 41 100.0
Pathology diagnosisby 128 66.0 51 689 36 621 12 632 1 50.0 28 68.3
present investigators
Pathology diagnosis but 19 9.8 10 135 5 86 - - 1 50.0 3 7.3
material not available
to present investigators
Surgical operation 28 144 7 9.5 9 155 4 211 . - 8 19.5
Clinical diagnosis other 10 5.2 3 4.1 3 53 10.5 - - 2 4.9
than surgical operation
Death certificate 9 4.6 3 4.1 5 8.6 1 §:3 - - - -

*Not-in-city at the time of the bomb.
i iz B

In the exposed, known-dose portion of the LSS
sample, the age-adjusted incidence rate of ovarian
cancer per year per 1,000 persons showed a sta-
tistically significant increase with increased dose
(P<0.01, Table 2 and Figure 1). This dose response
remained significant (P<0.01) when the 128 micro-
scopically reviewed exposed cases were considered
alone. The incidence rate in the 1-9 rad group was
rather low compared with that of the 0 rad or NIC
group and the dose-response curve (Figure 1) be-
came much smoother if the 1-9 rad group was com-
bined with the 0 rad group to enlarge the sample size
of the control group, than the 0 rad group alone.

HaHERTIO ) EHBETERIHE A LR H
oW TH, FMC2BTLEL A 1S40 1,000 A
MO ER I, RO KIS
CHBICHML 2 (P<0.01, %2R UK1). 8
BT o HIBAO AL EE L ESEL, T 0
BMBREIGIHEETH 72 (P<0.01). 1-9rad B0
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€<, 1-9rad B % Orad BEICIN A C A EBTE % 4 A
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FIGURE 1

INCIDENCE OF OVARIAN CANCER BY RADIATION DOSE AND
HISTOLOGICAL VALIDITY, HIROSHIMA AND NAGASAKI, 1950-80
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This dose-response relationship was statistically sig-
nificant in Hiroshima but not in Nagasaki. This city
difference does not necessarily mean that A-bomb
radiation has no significant carcinogenic effect on
the human ovary in Nagasaki, but is most probably
altributable to the smaller sample size in Nagasaki
(less than one half of Hiroshima). The dose re-
sponse was not apparent in the first hall of the
study period (1950-64), but was present (P<(0.01)
in the latter half (1965-80), both in microscopically
reviewed cases as well as in all cases (Figure 2).

The relative risk (RR) of ovrian cancer incidence in
the 100 rad or more group compared to the 0 rad
group, by age ATB, was highest in the youngest
age-group (under 20 ATB) and was lower in those
exposed at older ages (Table 3). RR (100 or more

ZOMBRGHEFIASTEKINLCAER TS - 2
A, RMTRAEETE k. 2ot RS,
[AHR AT AT AR T O L CHE LB A
BIESE okttt LERTLOTIER L,
B EMOMBBER Db E D L (KBOES
VIFIicEET2E:EBbn s, SfL ERRUPEE
Bz 2 0w, WEINRE O AT (1950 —644F ) ¢ I &t
RIGIE MM T % oo A7, B¥ (1965—80F ) T
Rz #Bo i (P<0.01, 2).

0 rad BF1ZH<100 rad L1 F ¥ 0 J50HE I OF 5 750 91 1L 48
SEE O AT FEPREE E, F O AE (50 R A 2058
Al ) The b <, TR MR T ES o2 (£ 3).
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FIGURE2 INCIDENCE OF OVARIAN CANCER BY RADIATION DOSE AND STUDY
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TABLE 3 RELATIVE RISK (100+ vs 0 rad) OF OVARIAN CANCER INCIDENCE

BY AGE AT THE TIME OF THE BOMB (ATB)

#¢ 3 JFUBREE ERE RN BT S A S 0 A A M a3 (100424 0 rad)
Age ATB
Method of ascertainment Total
<20 20-29 30-39 40-49 50+
Total 2.2 5.0 2.1 1.5 0.95

(1.6,3.7) (2.2,11) (0.92,5.1) (0.534,4.2) (0.52,4.0) (0.17,5.2)

<74,19> <9,7> <14,5> <18, 3> <18, 3> <15, 1>
Histologically confirmed 1.9 4.4 25 1.1 0.0
by present investigators (1.4, 4.0) (1.5,12) (0.92,6.4) (0.33,3.9) (0.53,6.9)

<51,12> <6,4> <10, 4> <16,2> <9,2» <10,0>

() 90% confidence interval of relative risk.

Fil A 1 [ 22 00 90 % 13 R0 1]

< > Two numbers in parentheses are numbers of cancer cases in the 0 rad and the 100+rad groups,

respectively.

MO @RI, &% 0 rad 8 & 100 + rad B 08 6 H £
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vs 0 rad) by attained age is shown in Table 4 for
specific age ATB groups. The RR did not differ by
attained age, in general, except for the youngest age-
group, where it tended to decrease with increased
attained age; though the subjects had not reached
the age at which cancer might be expected to occur.

e [5PR R A BE 120\ T EE G B A AL fE B EE (100rad
PA RO rad 3) 2224 1I0RT. MITRERIZEL
TR h oA, FWO R0 R A
Wt aMHmARLAEERLRE, SRANICTER
k> THMfEREICERIT Lo 2.

TABLE 4 RELATIVE RISK (100+vs (0 rad) OF OVARIAN CANCER INCIDENCE BY AGE
AT THE TIME OF THE BOMB (ATB) AND ATTAINED AGE

24 JEUHRRE RS B OF R G S0 YA 5B 4 S o fH A FR S (100+ A 0 rad )

Attained age

Ape ATB
<30 30-39 4049 50-59 60-69 70+
<20 - 9.3 4.7 0.0 X X
(2.1, 42) (1.5, 15)
<0,0> <2,3> <4, 4> <3,0>
20-39 - 2.0 1.4 2.5 1.1 0.0
(0.31, 14) (0.24,8.7) (1.1,5.9) (0.20, 6.5)
<0,0> <3, 1> <8, 1 <15, 5 <8, 1> <1,0>
40+ x X - 2.9 0.70 1.5
(0.44, 20) (0.13, 3.8) (0.43,5.1)
<0, 0> <3,1> <14, 1> <16,2>

() 90% confidence interval of relative risk. HI &}z 5@ 00 % (540 X 1
< > Two numbers in parentheses are numbers of cancer cases in the 0 rad and the 100+rad groups,

respectively.

ARG @O B, #F 4 O rad 32100+ vad BEOHMEIER K.

X Not applicable %4 ¥
- No cancer case in 0 rad group

The Cox regression analysis was applied to investi-
gate modifying factors of radiation effects such as
city, time since exposure, age ATB, and attained
age. The model used in the analysis is as follows:

Alt, 2) = Ao ()

where ¢ is altained age, 2y is a coveriate vector con-
sisting of city, age ATB, and radiation dose, and z4
consists of the cross product of radiation dose and
modifier factors. A(t, z) is the incidence rate at at-
tained age ¢ for subjects with covariale 2 and Ag(t)
is that for women with z=0. The RR of incidence
for subjects with covariate z compared to Ag(t) is
given by exp (z;8) and can be modified with a
term exp (zg7). Coefficients and standard errors
are estimated from the partial likelihood.® In this
approach, each woman is not considered to be at
risk until after her age (¢) in 1950.

0 rad BEOSAER L0

M, WO AGRER, BUREFER, SM%0
M CEAREOBERFII>WTHAET A28,
Cox [EI/ BFHT % Flv /o BRAFIZHI VAT 0L T
DEENTHAE.

T exXp (zlﬁ + 337) 1

P2 L v VSRR, 2y (BT, BARERAEMR, BoHRRAR
HEMAEESNT VT, z, 3B L EIERT
OEEWMLEMD, At z) ZEER 2> HRE
DEWtOREHETLY, A (t)Fz=00&to
FERTHS, At) T 23ETR 2z 24048
BOREROMMEHRE Sexp(z )L THE
1, exp(z, ) FIL L VIBIETE 5. #HaLEIzLD
FERURBHRL AT T 5.8 ZOHETIE, 1950
DER () LETLZTE, Eatizg Azt
LREL -,



The estimated cocfficients and their standard errors
are shown in Table 5. Significance level for each
coefficient equal to zero based on one-sided test is
also shown. The first model involving only z,
does not include the term that may modify the ra-
diation effect. The results show no city difference
in the background incidence rate but a remarkable
age ATB eflfect, suggesting that the background in-
cidence rate is higher in younger age ATB at the
same attained age, i.e., cohort effect, and strong ra-
diation effect.

RERF TR 8-86

HEFRMEUCZOFEBEL L5127+, FnE
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TABLES COEFFICIENTT AND ITS STANDARD ERROR (IN PARENTHESIS) IN THE
COX REGRESSION ANALYSIS

F#5  Cox MM s 2EHT e 72 omigms T (ERm)

Model
Variable
1 2 4 5 6 7
City H:1 5712 -4.920 5.804 6.677 6.243 6.580 6.549
N:0 (17.975) (18.984) (17.979) (17.998) (17.986) (17.998) (18.002)
Age ATB —2.113%%  _2.147**% _3.573* —1.808* _2.148%* _1.048%* —1.998*%
(0.848) (0.848) (0.897) (0.866) (0.849) (0.897) (0.898)
Radiation Dose G211 %% =0.035 0.150 0.535**  (.854%* (.760% 1.449%*
(0.086) 0.217) (0.242) (0.184) (0.364) (0.399) (0.691)
Radiation Dose X City 0.329518
(0.235)
Radiation Dose 0.003
X Time since exposure (0.009)
Radiation Dose ~0.011% -0.006 —0.031548
X Age ATB (0.006) (0.010) (0.022)
Radiation Dose -0.012*%  —0.007 —O.OZZS”g
X Attained age (0.007) (0.011) (0.020)
Radiation Dose 0.0005
X Age ATB X Attained age (0.0004)
Maximum Log likelihood -1501.5 —1500.2 —1501.4 —1499.9 —1500.0 —1499.7 —1499.1
Sug mrEin P<0.10 *P<0.05 **P<0.01 ***P<0.001 1 Scaledby 100 &f{#

The next four models examine individually each
one of the following radiation effect modifiers: city,
time since exposure, age ATB, or attained age, in
addition to the variables used in the first model.
The coelficient in combination with city, which ex-
presses the difference in radiation effects between
cities, is positive and significance level is 0.05<P
<0.10 in one-sided test. The coefficient of time
since exposure is positive, although not statistically

FBLIOETNVIZHGVATEHICMA T, MHHBOEE
DIEIEH T, &b b, HBEERTY,
BEERE, EMOBZ42ROMOOEFMIZLEST
oo, A SEEOMHMERLZBE <3010,
Mid ok L 2FEEIETHD, FUMRETCHE
LA 0.05< P<0.10 T# - 7. #HIREERFEN
DFREE, HHABNIIEETE LA ETH - .
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significant. For age ATB, a significantly negative
coefficient (P<0.05 in one-sided test) indicates that
the radiation effect by age ATB decreases with in-
creasing age ATB.

These results agree with the findings depicted in
Tables 2 and 3, and in Figure 2. Also, a statistically
significant negative coefficient (P<0.05 in one-sided
test) for attained age indicates that the radiation ef-
fect is higher in the younger attained age-group.
However, because of the fact that this group mostly
consisted of individuals of younger age ATB, the
radiation effect in relation to attained age could be
seriously influenced by age ATB.

Model 6 includes interaction terms of radiation dose
and age ATB, and radiation dose and attained age.
Although both coefficients are not statistically sig-
nificant, they are negative.

To determine whether the interaction between radia-
tion and attained age differed by age ATB, in Model
7, the second order interaction term among radiation
dose, age ATB, and attained age is added to vari-
ables used in Model 6. The coefficient is positive,
though not statistically significant. Furthermore, the
radiation effect in relation to attained age was ex-
amined for specific age ATB groups. Though the
results were not included in Table 5, the coelficient
of interaction term of radiation dose and attained age
was negative and significance level is 0.05<P<0.10
in one-sided test for the under-20-age-ATB group.
The coefficients for other cohorts were not signifi-
cant. These results are consistent with the findings
shown in Table 4.

Postexposure latent period for tumor development
can be estimated by adding five years and two
months, that is, the period of time from exposure to
the time of the cohort study commencement (1950),
to the determined average time for tumor develop-
ment.

It was found that latent periods (mean time from
1950 to onset of tumor) were inversely related to
age ATB in all dose groups, and generally were not
affected by the magnitude of exposure dose, except
for the under-20-age-ATB group where the mean
latent period in the 100 rad or more dose group is
21.3 =& 1.3 years, which appears to be shorter than
26.2 & 0.9 years in the 0 rad group (Table 6).
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The cumulative incidence rate of ovarian cancer per (B3T3, 1950 — 804 M BUEEM (= 3514 51,000 A 242

1,000 persons for the total 31-year period, 1950-80, o)y RMBAEREE, ~>OHEEE (100 rad 1L L

shown in Figure 3, is stratified by the two dose ; > e . )
groups (100 rad or more vs 0 rad) and three age RN Vrad ) 20 RIRE BRI GL T

ATB groups, ARl

TABLE 6 MEAN TIME IN YEARS FROM 1950 (BEGINNING OF FOLLOW-UP)
TO RECOGNITION OF OVARIAN CANCER, ALL CASES

#6 19509 GEMEEME) 2 6 I G EGENE o
TEHE, 5EH

Radiation dose in rad

Age ATB* Total
0 199 100+ Unknown
Total 176 0.6 17.8+1.0 17.4%1.1 19.3%1.5 1922111
<20 21.8+1.2 26.2£0.9 25:3+1.1 21.3+£1.3
20-39 189+09 20.2%1.3 175219 19.6 £3.1 19.2%11.1
40+ 145108 13.2+1.4 157 1.5 15.3+2.8

*At the time of the bomb. EiHEES

FIGURE 3 CUMULATIVE INCIDENCE RATE (PER 1000) OF OVARIAN CANCER BY
RADIATION DOSE AND AGE AT THE TIME OF THE BOME (ATB)
B3 modd gt B O MRS 42 8 B o0 90 B O
RS (1,000 %7-0)

15 —
Age ATB: 40+
101
100+ (4 cases)
0 (33)
E
@ i
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c
(=]
14
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o
=]
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e
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Although a definite evaluation cannot be made due
to the paucity of cases, an excess ol cancer cases
for the 40+ age ATB group is seen 10 to 15 years
after 1950. An excess becomes apparent later for
the under-20-age-ATB group, around 20 years after
1950. Thus, as shown in Table 6, the latent pe-
riod inversely related to age ATB and the radiation-
induced cancer becomes apparent after reaching the
age normally associated with increasing incidence.

A shortening of the latent period is observed in the
under-20-age-ATB  group exposed to 100 rad or
more (Figure 3) as observed in the mean latent pe-
riod (Table 6). However, these findings might be a
fluctuation atributable to the paucity of case avail-
ability. Follow-up studies are necessary to accumu-
late data so that such findings would be justified.

Benign Tumor Incidence. A tentative study on 81
microscopically confirmed cases ol benign ovarian
tumors among members of the LSS-E85 sample in
Hiroshima has been considered. This study, con-
sisting of 10 surgical and 71 autopsy cases, resulted
in a statistically significant increase in proportion of
tumor cases with increasing exposure dose.

It is plausible, however, that the clinical recognition
of benign ovarian tumors in individuals may be re-
lated somewhat to the frequency of receiving pro-
fessional medical care. If this conjecture were true,
the frequency of encountered benign tumors might

be expected to be higher in exposed individuals, es-
pecially in those exposed to large doses, as these in-

dividuals would likely have received more frequent
and intense medical care than nonexposed persons
(due to the A-bomb Survivors Medical Treatment
Law, etc.). In the autopsied series, on the other
hand, it is reasonable to assume that the propor-
tion of diagnosis of benign ovarian tumor among
all autopsy diagnoses is unlikely to be influenced
by radiation-related detection bias,

The present analysis of benign ovarian tumors,
therefore, was confined to the 3,046 autopsied cases
among the LSS-E8S sample during 1950-80. There
were no slatistically significant differences in the
histological confirmation rates by exposure dose.

The proportion of autopsied cases with benign ovar-
ian tumors increased with increasing exposure dose
when all 106 ascertained cases (P<0.03) were con-
sidered as well as when the restricted subset of
89 microscopically reviewed cases were considered.
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This increase in benign tumors in the latter group
was not statistically significant (P>0.10, Table 7).
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BRI oMy, SN ERETs Ao (P>0.10,
% 7).

TABLE7 AGE-ADJUSTED PROPORTION OF SUBJECTS WITH OVARIAN BENIGN TUMOR AMONG
AUTOPSIED SUBJECTS (PER 1000) BY RADIATION DOSE AND CITY

#=7

Hegtpht B U B O SHE 12 517 2 BYEIOEATN & & - AER O

P& ANIE L 2 o3 (11,0000 40 )

Radiation dose in rad

City Method of ascertainment  Total Test
0 1-49 50-99 100+ Unknown NIC*
Total Total 34.8 26.3 38.8 47.6 58.8 30.6 27.8 P<0.05
(106)  (2) @“8) ® (D) @ pE T
Histolng_ic;l].ly‘corlfirmcd by 29.2 21.5 34.1 351 42.2 29.9 243
present investigators (89) (18)  (42) 6) (8) (1) (14) P>0.10
Hiroshima Total 35.5 24.0 38.8 62.1 68.2 48.1 30.1 P<0.05
(85) (17)  (36) (8) (9) (N (14 s
Histolog_ica]ly confirmed by 29.7 19.8 34.4 46.7 45.5 47.8 287
present investigators (71) (14) (32) (6) (6) (1) 2 P<0.10
Nagasaki  Total 32.1 389 388 - 36.1 - 18.3 P~0.10
@n 5y  (12) (0) (2) (0) (2) :
Histologically confirmed by 27.5 31.4 32.8 - 34.3 - 18.5
present investigators (18) (4 (10) ) 2 () 2) P>0.10

Numbers in parentheses are number of subjects with ovarian benign tumor.

AL o $ L B AR OA MRES & & - T v A IER D .
*Not-in-cily at the time of bomb.
Ui Y S N AR i R

T Statistical test for linear increase with dose (excluding dose unknown and NIC).

AL BB N R R (R R NI

Histological Classification of Malignant and
Benign Ovarian Tumors. The distribution of the
128 micrescopically reviewed cases of ovarian
cancer by histological type is shown in Table 8. Of
the 128 cases, 121 (95%) were carcinomas helong-
ing to the WHO category 19 (Common epithelial
tumours). Of the remaining seven cases, four were
granulosa cell tumors of category II (Sex cord stro-
mal tumours), and three were teratomas of which
two were associated with partial malignant trans-
formation, and one was associated with carcinoid,
belonging to category 1V (Germ cell tumours).

The histological distribution does not, in general,
differ significantly by exposure status. The propor-
tion of clear cell carcinoma increased with dose,
although not statistically significantly so, because,
of very few cases, only two were involved in the
higher dose group (285 rad and 468 rad). Also,
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the proportion of endometrioid carcinoma was in-

versely related to radiation dose, although, again,
not statistically significant.

WHFEICE AN, ZhbEHMNIIEETSE

s,

TABLE 8 DISTRIBUTION OF OVARIAN CANCER BY HISTOLOGICAL TYPE (WHO, 1973)

AND RADIATION DOSE
#8 HIEEE (WHO, 19736 ) & U s &t 5 o

LA O 53 A

Radiation dose in rad

Total 0 199 100+ Unknown NIC* 0+NIC L
Histological Type

No. % No. % No. % No. % No. % No. % Moo % No. &%
I Common Epithelial Tumors 121 94.5 50 98.0 35 972 12 1000 1 1000 23 821 73 924 4§ 98.0
A, Serous Tumors 61 4779 26 5.0 17 47.2 T 583 11000 10 357 36 45.6 25 51.0
B. Mucinous Tumors 27 211 12 23.5 T 19.4 74 16.7 0 0.0 6 214 18 228 9 18.4
C. Endometrioid Tumors 18 14.1 8 157 4 111 1 83 0 0.0 5 179 13 165 § 10.2
D. Clear Cell Tumors 9 7.0 2 39 3 8.3 2 16.7 0 0.0 2 7.1 4 5.1 ] 10.2
G. Undiff. Carcinoma 2 1.6 4 oo 2 56 0 0o 0 0o 0 0.0 0 00 2 4.1
H. Unclassif. Maliznancy 4 31 2 9 2 56 0 Do 0 oo 0 0o 2 25 2 4.1
Il Sex Cord Stromal Tumors 4 3.l 1 2.0 1 2.8 0 0.0 a 0.0 2 731 3 38 1 2.0
A, Granulosa Cell Tumors 4 31 1 20 1 28 0 0.0 0 0o 2 Tl 3 38 1 2.0
V. Germ Cell Tumors 3 23 0 0.0 0 0.0 0 0.0 0 0.0 3 Iy 3 38 0 0.0
F. Teratomas 3 23 0 0o o0 0o 0 00 0 o 3 107 3 38 0 0.0
Tatal 128 100.0 51 1000 36 100.0 12 100.0 1 1000 28 1000 79 100.0 4% 100.0

“Not-in-city at the time of the bomb, KiBEF M 24 o 1h
**Including dose unknown group. 8T & &L

The histological distribution of the 98 benign ovar-
ian mmors is shown in Table 9. Of the 35 umors
in the NIC and 0 rad groups, the numbers in cate-
gories I, TI, and 1V are 20 (57%), 6 (17%), and 9
(26%), respectively. This histological distribution
is not significantly different from that of the 63 tu-
mors in cases exposed to 1 rad or more (including
one case with dose unknown), namely, 40 (64%),
11 (189%), and 12 (19%) in categories I, I1, and TV,
respectively.

DISCUSSION

Concerning the late effects of therapeutic pelvic ir-
radiation, Palmer and Spratt? have indicated that at
least some of the malignant tumors which devel-
oped in pelvic organs of paticnts who had previ-
ously received localized x- or radium irradiation for
treatment of genital bleeding due to nonmalignant
lesions (including uterine fibroid and endometrial

hyperplasia) were induced by previous radiation ex-
posure.

BEPEG HLRE S 98 D LR RN S A5 & 22 9 1R . i
W ad 2B RY 0 rad BOMERGEO 5 5, E45
TizlE+ 20 80x20(57% ), R4 0126 (17%),
EaNIEo (26%) Th-7. ZOMHMESH % 1 rad
LAk B oo B 5 63050 (ARt A B A LiEfl & 50 ) @

a7, TabeRal, I, NOERHIE 4 40
(64%), 11(18%), 12(19%) v 34045 & el L 7=
WE, FRELZE L.
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According 1o their study, the incidence rate of
postradiation cancer of the ovary was 3,1-fold higher
than expected. Palmer and Spratt’s findings contra-
dict a hypothesis!®!! that carcinogenesis follow-
ing radiation exposure is primarily attributable not
to the effect of radiation, but to the endocrine ab-
normality concealed within the background of the
primary lesion against which the radiation therapy
was employed.

Subsequent to Palmer and Spratt’s report, many
studies have been published dealing with carcino-
genesis following radiation therapy for benign le-
sions or malignant mmors in the gynecological
organs,* 2717 but no convincing trend of an increas-
ed incidence of postradiation cancer of the ovary has
ever been found. For example, Smith and Doll'®
found 8 ovarian cancer deaths vs 7.7 expected five
years or more after the radiotherapy. Further, Boice
et al'” recently reported that a significantly low risk
of ovarian cancer was observed among women of
North American and European countries after radia-
tion therapy for cancer of the uterine cervix though
the risk increased among individuals who survived
30 years after exposure, but it was based on only
three ovarian cancers.

Court Brown and Doll*® found increased ovarian
cancer mortality in a cohort of 14,554 patients,
including 2,393 female patients treated with X rays
for ankylosing spondylitis. Increased mortality was
due not only to leukemia and aplastic anemia, but
also to cancers of organs in the proximity of the sites
of heavy exposure. The mortality due to the latter
was increased as much as twofold six years after the
initial exposure, and the proportion of four ovarian
cancer deaths was 1.9 at most against the expected
number. In a similar study in which the cohort
was restricted solely to patients who had received
a single course of X-ray therapy, Smith!® found 4
ovarian cancers vs 2.9 expected three years or more
after the first irradiation.

On reviewing these studies related to therapeutic ir-
radiations, Land®® has suggested that many uncer-
tainties remain, including the extent to which effect,
if any, has been masked by surgical removal of the
ovaries in some members of irradiated populations
under observation.

As to ovarian cancer among A-bomb survivors, two
case studies have been described;®? one of a 27-
year-old female who suffered from granulosa-theca
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cell tumor of the ovary cight years after exposure
at Hiroshima, and the other a 30-year-old female
who suffered from serous cyst adenocarcinoma of
the ovary 12 years after exposure at the same city.
Based on a study of death certificates in Hiroshima
during the five-year period commencing in 1951, a
report® indicated that the morbidities of both breast
and ovarian cancers were increased in exposed
females. Another analysis, from tumor cases reg-
istered in 1957-58, showed a significant excess of
ovarian cancer in females who were exposed within
1,500 m from the hypocenter in Hiroshima.2! A
recent mortality study based on death certificates
among females in the RERF LSS-E85 sample,
Hiroshima and Nagasaki, during 1950-82, suggested
a correlation between the mortality of ovarian can-
cers and exposure dose.*

In the present study, all sources of information for
case ascertainment have been used, including death
certificates, autopsies, and Tumor and Tissue Reg-
istries. Of these sources, death certificates are as-
certained using the Japanese Koseki so that deaths
can be ascertained 100%,! but there is a problem in
the accuracy of the causes of death given in death
certificales,

On the other hand, there is selection bias in the
autopsy material which is associated with the fact
that the autopsy rate in the LSS sample is high in
the high dose group. Since the proportion of au-
topsy malerial only as source is low, it being 2.7%,
the possible bias mentioned earlier has not seriously
hindered the analysis. There is no statistical differ-
ence between the dose comparison groups in the
proportion of histologically confirmed cases includ-
ing biopsies as well as autopsies as source (refer to
Table 1).

Tumor and Tissue Registries are also important
sources of information of the present study for case
ascertainment (Table 1). Possible bias of case ascer-
tainment associated with migration of study subjects
out of the Tumor Registry area is a difficult prob-
lem common in cancer incidence studies such as the
present study which are based on long-term cohort
follow-up. Since the purpose of the present study is
to study the question of cancer incidence in relation
to radiation exposure dose, the problem is whether
there is any difference between the dose compari-
son groups in the migration rate. ABCC-RERF is
conducting since 1958 detailed medical examina-
tions biennially on a subsample of the LSS sample
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comprising approximately 20,000 study subjects or
approximately 1/5 of the sample. The data derived
from this study show no difference in the migra-
tion rale between the dose groups.?? On the other
hand, data on migration have been derived in part
from a case-control study on the LSS sample and
a study of in ulero exposed children, and there is
a report that describes a high migration rate in the
high dose group, particularly in those exposed at
young age (which possibly is due for the most part
to enrollment in university). Even if the migration
rate were high in the high dose group, the number
of cases in the high dose group, would be, as a
result of migration, smaller than it actually is, and
due to this the observed dose response would be
underestimated. Accordingly, the relationship be-
tween ovarian cancer incidence and radiation dose
observed in the present study would be strengthened
wilh consideration of migration.

In the present study, the age-adjusted incidence rate
of ovarian cancer per year per 1,000 persons shows
a statistically significant (P<0.01) increase with in-
creasing dose among the individuals who were ex-
posed to 1 rad or more. This dose-response rela-
tionship remains significant (P<0.01) when the mi-
croscopically reviewed cases are considered alone.

The dose response is not apparent in the first half of
the study period (1950-64), but is present (P<0.01)
in the latter half (1965-80), in both microscopically
reviewed cases and all cases, reflecting a develop-
mental characteristic of tumor as seen in cumula-
tive incidence rates of ovarian cancer. The cumu-
lative incidence rates of ovarian cancer per 1,000
persons for the total 31-year period, 1950-80, in
the present study imply that the minimum latent pe-
riod for radiation-induced ovarian cancer would be
around 15-20 years. Moreover, the postexposure la-
tent period for cancer development is not affected
by the magnitude of exposure dose but it is inversely
related to age ATB.

As with breast cancer in A-bomb survivors,??
ovarian cancer does not develop until the host
reaches an age that is normally associated with
increased incidence, irrespective of either age ATB
or exposure dose. In the under-20-age-ATB group
however, the mean latent period in the 100 rad
or more dose group appears o be shorter than
that in the O rad group, although the number of
cases is quile small. Al the time of the present
study, the under-20-age-ATB group included many
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individuals who had not reached the age at which
cancer might be expected to occur. Because of this
fact, follow-up studies will be necessary.

Because of differing criteria for histological classi-
[ication of ovarian neoplasms, the histological dis-
tribution of the 79 ovarian cancer in NIC and 0 rad
groups is different from that described by Ueda et
al?* for 95 cases of ovarian cancers detected in the
Osaka district. They are not significantly different
from that reported by Yaker and Benirschke?® for
74 cases observed in the San Diego district
(Table 10).
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TABLE 10 COMPARISON QF HISTOLOGICAL DISTRIBUTION OF OVARIAN CANCER
WITH OTHERS REPORTED AT DIFFERENT DISTRICTS

10 BE 4 b T HIE & U7 SINLE o B 2R 1 4 AR O FL B

Present Study

Histological Type 0 rad + NIC* 1+rad** Osaka' San Diego®
No. % No. % No. % No. o
Common Epithelial Tumors 73 92.4 48 98.0 68 71.6 66 89.2
IL.  Sex Cord Stromal Tumors 3 38 1 2.0 7 7.4 2 2.9
IV. Germ Cell Tumors 3 38 0 0.0 19 20.0 6 8.1
Others 0 0.0 0 0.0 1 11 0 0.0
Total 79 100.0 49 100.0 95 100.0 74 100.0

* Not-in-city at the time of the bomb. EMEFH PRIz G Ed o
** Including one dose unknown case. #htA4 T 1 # 4 &6

1 Reference #24. &# 0424
2 Reference #25, ## r@i£25

It is noted that the proportion of autopsied cases
with benign ovarian tumors increased with increas-
ing exposure dose, when the 106 cases were con-
sidered (P<0.05). The increase tendency in the re-
stricted subset of 89 microscopically reviewed cases,
however, is not statistically significant (P>0.10).

The histological distribution of the 35 benign ovar-
ian tumors occurring in the NIC and 0 rad groups in
the WHO categories I, II, and IV, as well as of the
63 tumors observed in individuals exposed to 1 rad
or more have been compared with other reported
histological distributions from Osaka by Ueda et
al,?* from San Diego by Yaker and Benirschke,?®
and from Montreal by Beck and Latour?®
(Table 11). In this comparison, except for table
from Osaka, the distribution of tumors reported here
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does not significantly differ from the other reports
mentioned above.

tRoRESIIs2 5B EOMIcERE L L V.

TABLE 11 COMPARISON OF HISTOLOGICAL DISTRIBUTION OF OVARIAN BENIGN
TUMORS WITH OTHERS REPORTED AT DIFFERENT DISTRICTS

#11 ey LB THRE & RYEINNCRE G O #ELEE 2 00 2 A 0 B

Present Study

Histological Type {0 rad + NIC* 1+rad®* Osaka' San [)iego2 Montreal®
No. % No. % No. % No. % No. %

I. Common Epithelial Tumors 20 57.1 40 635 177 45.2 54 46,6 637 625

II.  Sex Cord Stromal Tumors 6 17.1 11 175 20 5.1 14 12.1 75 7.4

IV. Germ Cell Tumors 9 25.7 12 19.0 193 49.2 48  41.4 297 29.1

Others 0 0.0 0 0.0 2 0.5 0 0.0 10 1.0

Total 35 100.0 63 1000 392 100.0 116 100.0 1019 100.0

* Not-in-city at the time of the bomb.

GREFTRPIZ W o f

** Including one dose unknown case, #4798 2 L & & &

1 Reference #24. % # ik #24
2 Reference #25. B #TH#25
3 Reference #26. £& Tgi#%

Experiments in radiation tumorigenesis have shown
that ovarian tumors of several histological types can
be induced in mice of various strains. For exam-
ple, single-dose whole-body irradiation of (C57L x
A/He) F; mice with gamma rays or neutrons in-
duced various ovarian tumors, including luteoma,
granulosa cell tumor, and adenoma.?? Similarly,
single-dose whole-body x-irradiation induced luteo-
mas and adenomas in the ovaries of ddY/F and
C3H/Tw mice.?®

It has been suggested that ionizing radiation pri-
marily induces atrophy of follicles in the mouse
cwary,29 the consequent imbalanced hormonal envi-
ronments, due to excessive gonadotrophic hormone
secretion,® and changes in the response of cells
that comprise the injured ovary, facilitating the
development of ovarian tumors.®*

In the study of Ullrich and Storer,>?-3 the incidence
of ovarian tumors induced in RFM/Un mice after
whole-body x-irradiation increased with the square
of the dose above a threshold which appeared to
exist for the induction of ovarian tumors.
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According 1o the study by Tokunaga et al,2® breast
cancer incidence in exposed females of Hiroshima
and Nagasaki shows a linear dose response, and the
age-specific incidence of breast cancer exceeds that
of breast cancer in the general female population.
However, both the trend of the cumulative inci-
dence with time, and the histological distribution
of breast cancers closcly resemble that of breast
cancer in general. These findings are consistent
with the hypothesis that postexposure endogenous
hormones act as tumor promoters in the genesis of
breast cancer in female A-bomb survivors.23

The pathological and epidemiologic analyses of the
194 cases of ovarian cancer that occurred during
1950-80 among members of the RERF LSS-E85
sample strongly suggest that the incidence of ovar-
ian cancer was enhanced by A-bomb exposure.
Moreover, the radiation-related excess of ovarian
cancer appears to be highest in women under 20
years of age ATB. These women also had the longest

latent period when compared to the older age-groups.

The histological distribution of cancer types among
exposed individuals appears not 1o be different from
that seen in the general population. As for benign
ovarian neoplasms, the analysis of 106 autopsy sub-
jects depicts a trend of increasing radiation-related
tumor excess with increasing dose among the ex-
posed cases. This trend, however, was not staiis-
tically significant when observation was limited to
the histologically reviewed cases.

From experimental findings concerning the induc-
tion of ovarian tumors by ionizing radiation, and
from recent analysis of breast carcinogenesis in ex-
posed females of Hiroshima and Nagasaki, one
might deduce that radiation-injured ovaries in as-
sociation with secondary excess of gonadotrophic
hormones are important causative factors in the de-
velopment of ovarian tumors. The pathological and
epidemiologic findings reported in this paper are
consistent with this hypothesis. Further follow-up
studics should therefore be made on females ex-
posed to the A-bomb at the younger ages, particu-
larly 0 to 20 years ATB.
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