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SUMMARY

An analysis was made of the relationship of
radiation dose to the occurrence of primary
intracranial tumors among atomic bomb survivors
and nonexposed controls, Hiroshima and
Nagasaki, in the fixed cohort of the Life Span
Study (LSS) extended sample during the period
1961-75, or 16 to 30 years after the A-bombs.

Based on various medical sources, 104 cases of
primary intracranial tumors were identified
among approximately 99,000 LSS extended
sample members who were alive as of 1 January
1961. Of these 104 cases, 45 had manifested
clinical signs of brain tumors, but 59 cases were
identified incidentally at postmortem examina-
tion. The distributions of morphologic type,
age, and size of tumor were quite different for
those primary intracranial tumors with and
without a clinical sign of brain tumor. Glioma
was the most frequent type of tumor with a
clinical sign and meningioma was the most
frequent type without.

In relation to radiation dose the incidence rate
of primary intracranial tumors with a clinical
sign showed a significant excess risk for males in
the high dose group who received 100 rad or
more after adjustment for age at the time of
the bomb (ATB). The standardized relative risk
is around § in this group. The data also suggest
that the crude relative risk of glioma is greater
in the high dose group for younger ages ATB.
However, there is no increased risk in females.

*Department of Medicine, Hataga Hospital, Hiroshima
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Among the 5,012 autopsy subjects in the LSS
extended sample during 1961-75, there is no
relationship between radiation dose and the
prevalence rate of primary intracranial tumors
in those identified incidentally by autopsy. The
relative risk of subclinical adenoma of the
pituitary gland between high dose subjects and
controls was also examined for a sample of 95
sex- and age-matched pairs using Hiroshima
autopsy materials for 1961-74, but no relation-
ship to dose was observed.

INTRODUCTION

An excess risk of malignant neoplasms has been
reported among patients following irradiation
by therapeutic X-rays and among A-bomb
survivors as a late effect of ionizing radiation
exposure.l However, there are few reports of
postradiation intracranial tumors in a human
population.  Significantly elevated mortality
from brain tumors among children who received
therapeutic X-rays for tinea capitis,>™® and a
higher frequency of mortality from cancer of
the central nervous system among children
exposed prenatally to diagnostic X-ray has been
reported.® A recent report on cancer mortality
among A-bomb survivors in a fixed cohort during
1950-74, did not mention mortality from brain
tumors in relation to dose, due probably to the
small number of deaths.”

The present study analyzes the incidence of
primary intracranial tumors among A-bomb
survivors and controls in the LSS extended
sample between 1961-75, 16 to 30 years after
exposure to the A-bombs, especially, in relation
to dose.

MATERIALS AND METHOD

Ascertainment of primary intracranial tumors
has been conducted on the LSS extended
sample® of 98,663 A-bomb survivors and
controls, comprised of 74,355 subjects in
Hiroshima and 24,308 in Nagasaki, who were
alive as of 1 January 1961. Dosimetry of
A-bomb survivors in this cohort was available by
the T65 dose system which gives total dose asa
simple sum of gamma and neutron doses in rad.’

Table 1 shows the distribution of the sample by
dose, city, and sex. The distribution was quite
different by dose and city, but there was no
difference by dose and sex.
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TABLE 1 NUMBER OF SUBJECTS IN THE LSS EXTENDED SAMPLE
BY DOSE, SEX, & CITY (AS OF 1 JANUARY 1961)
#£1 RHGRATLAERPOSREH: A,
TR UHEH B (19614 1 A 1 HEE)

T65 Dose in rad

City Total
NIC* <1 1-99 100+ Unknown

Hiroshima No. 18711 26851 24633 2915 1245 74355
% 76.2 86.2 69.8 534 56.7 75 .4

Nagasaki No. 5838 4285 10666 2570 949 24308
%o 23.8 13.8 30.2 46.9 43.3 24.6

Male No. 10124 12470 14232 2366 992 40184
% 41.2 40.1 40.3 43.1 45.2 40.7

Female No. 14425 18666 21067 3119 1202 58479
% 58.8 59.9 59.7 56.9 54.8 59.3

Total No. 24549 31136 35299 5485 2194 98663
%6 100.0 100.0 100.0 100.0 100.0 100.0

*Not in city ATB. J5HEEST T 1E

Through the ABCC-RERF pathology program,
autopsies were performed on 5,012 subjects out
of 17,300 deceased LSS extended sample
members during 1961-75, or an autopsy rate of
about 29%. Table 2 shows the distribution of
autopsy subjects in the sample during 1961-75
by dose, sex, and age at death. The distribution
of the autopsy subjects was not different by
dose and sex, but there was significant difference
by dose and age at death. The majority of these
autopsy subjects were more than 60 years old in
every dose category. This is characteristic of
RERF autopsy data, when compared with a
hospital autopsy series, because since 1961 the
ABCC-RERF autopsy procurement program has
focused on the fixed cohort of A-bomb survivors
and controls who by definition were born before
the A-bomb and are thus older than the general
population.'®

All possible cases of intracranial tumors in this
cohort have been sought from RERF autopsy
files, Tumor and Tissue Registries in both cities,
and death certificates in the mortality study.
Additional effort has been made at Hiroshima
University Hospital to identify those intracranial
tumor cases not reported to the Hirdgshima City
Tumor Registry. Pathologists reviewed all of
the accumulated medical data, and recorded
morphologic type and clinical signs of brain
tumors. In this study the intracranial tumors
were morphologically classified as glioma,
meningioma, pituitary tumor, and others

ABCC — B i o4 B M FE ¢, 1961 —T5F D IC
PR L A #Fdn A bk A 4 L A H #5117, 300 A ) 5,012
NowTEEATThbA, Thbb, EBELN
29%Td - 7F. 2121961 —T5H (28 M & T 4T 7= kb 5
FHOFE, MR USECHEEER 3T 2R L . B
EF A BRECIEBRE LN A ERTI Lo
e, HAELEFECHEEMM AL OMIZIEHEE L £
AHohl., BHEZHESRED RS &
X5 T0Ll ET®H - 2 Ofdm i3k T o8
A L T o RGN L 0T
&0, 19614 LI, ABCC — HUROF O &) 4 A T i
A, HHEHEGHEE> S ATV A EEER %
e LTwa e, RS HEBREFLAZEE
REUCBESN TV EOT, —ERMK D FEEH 5
{fo2Twad."
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TABLE 2 DISTRIBUTION OF AUTOPSY SUBJECTS IN THE LSS EXTENDED SAMPLE,
HIROSHIMA & NAGASAKI, BY SEX, AGE AT DEATH, & DOSE, 1961-75
#2 HuPERAEMNNERECHBREZ T AEOSMA, LR UKEG:
P, FECHFH @G R U AR, 1961—T754F

T65 Dose in rad

Sex & Age Total
NIC* <1 1-99 100+ Unknown

Male No. 561 820 945 187 60 2573
% 52.2 52.3 48.8 53.6 73.2 51.3

Female No. 514 748 993 162 22 2439
% 47.8 47.7 512 46.4 26.8 48.7

Age <40 No. 41 69 82 27 6 225
% 3.8 4.4 4.2 79 7.3 45

40-59 No. 171 202 263 79 13 728

% 15.9 12.9 13.6 22.6 15.9 14.5

60-69 No. 308 395 455 85 26 1269

% 28.7 252 23.5 24.4 31.7 258

70 + No. 555 902 1138 158 37 2790

% 51.6 575 58.7 45.3 45.1 5849

Total No. 1075 1568 1938 349 82 5012
% 100.0 100.0 100.0 100.0 100.0 100.0

*Not in city ATB. JGHusi NATE

consisting of craniopharyngioma and tumors of
the blood vessels. All of the tumors of glial
origin such as astrocytoma, glioblastoma,
ependymoma, and ganglioglioma were classified
as glioma. On the basis of clinical signs alone
54 possible cases had been diagnosed but the
physical examination data were very questionable
so these cases were rejected from the intracranial
tumors in this study.

There were 104 cases designated as primary
intracranial tumors in the LSS extended sample
during 1961-75. Of these 104 cases 93 (89%)
were classified for morphologic types using
surgical or autopsy materials and 6 cases (6%)
were designated by records of surgical operation.
Only 5 (5%) of the cases were classified as
primary intracranial tumors by underlying cause
of death on the death certificate. Of 104 cases
45 had a clinical sign of brain tumor, but 59
cases had exhibited no clinical sign and were
incidentally identified as primary intracranial
tumor at autopsy. It is plain that the detection
of intracranial tumor cases who were incidentally
identified by autopsy depends upon the autopsy
rate for the study population.

Prevalence of subclinical adenoma in the pituitary
gland was examined using autopsy materials in

Ko UFE S 0 SR REES & ML S A S % S Do
HESE & 153 L Ao BARMIRENE, B3R, LacHife
J, o MR R D R AR T NT
FHENRAE & U T L 2. R AERO & T A
TREAMEN & BT s h T v d, BRIFRAT I
B AEFICED LA I NS ORERMIIFRET
BRI L 2.

1961 — 754 o [ 12 AF s af FEAL A B [ f o v C i 56
MEBENEE L shAL0X 10405 7. Zhb
10441 @ 5 5 9344 (89% ) A obEHFRERES L < Ikl kl
TR YA s, SRRl E LD
e (6 %) T, FEC WD FIEE T L HE
PR & sr & R EREH T2 5 (5 %) Th-
fo. 104 vh AST A g B A3 O B RAEAR & A L T s
#¥, SR IXERAAEIR & R & 9T, HIR TR
BHIE PN AR s 0 . BlFTilRIcHERl s i
F#EAEEOFEMFHEEROSIBRECEES RS
ZERHBTHSB.

ft TERMAOBAEEMBOFH L LHE L OMNEL



relation to dose. The study subjects were selected
from RERF autopsy materials belonging to the
LSS extended sample in Hiroshima during
1961-74. Index subjects were selected from
autopsy cases who received 180 rad or more
and control subjects from those with less than
1 rad. Thus, 100 pairs of subjects were matched
by sex and age at death. Histologic sections
from the pituitary glands available in the RERF
autopsy materials were restained for several
sections and reviewed microscopically for
subclinical adenomas, with a blind procedure
for exposure dose.

The annual incidence rates of primary intra-
cranial tumors with a clinical sign among the
LSS extended sample are expressed in terms of
person-years at risk in order to examine the
dose effect by sex, and age ATB.'™!? The
standardized relative risk and the statistical
differences were examined by the procedure of
Mantel and Haenszel'® using the risks based on
the number of study subjects. The risk of
primary intracranial tumors without a clinical
sign was examined in autopsy subjects by sex,
age at death, and dose. In the matched-sample
study for subclinical adenoma in the pituitary
gland, relative risk was calculated by the
matched-sample procedure of Mantel and
Haenszel.'?

RESULTS

Prevalence of Primary Intracranial Tumors in
the LSS Extended Sample during 1961-75

Table 3 shows the distribution of 104 primary
intracranial tumors by a clinical sign of brain
tumor and morphologic type. The distribution
of morphologic type is quite different between
symptomatic and asymptomatic primary intra-
cranial tumors. Glioma is the most frequent
type of tumor (42%) among those with one or
more clinical signs, but meningioma is the most
frequent type (73%) among those without such
manifestations.

Primary Intracranial Tumors with a Clinical
Sign of Brain Tumors

Table 4 shows the distribution of 45 primary
intracranial tumors with clinical signs by
morphologic type, sex, and age at onset,
Although the distribution of morphologic type
is different by sex, glioma is the most frequent
type of tumor in both males and females and
also the most frequent type in every age

RERF TR 15-79
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TABLE 3 DISTRIBUTION OF PRIMARY INTRACRANIAL TUMORS IN THE LSS
EXTENDED SAMPLE, HIROSHIMA & NAGASAKI, BY MORPHOLOGIC TYPE &
CLINICAL SIGNS OF BRAIN TUMORS, 1961-75
# 3 H o A EA A (xR o R A AR 0 A, A R U B
MLERRY B ORI 0 BE PR SEIR B, 1961 —754F

Morphologic Clinical Sign of Brain Tumor

kepe Yes % No % Total %
Glioma* 19 42.2 4 6.8 23 221
Meningioma 8 178 43 72.9 51 49.0
Neurinoma 6 13.3 11 18.6 17 163
Pituitary tumor 4 8.9 0 0.0 4 3.9
Other** 3 6.7 1 1.7 4 39
Undetermined*** 5 11.1 0 0.0 5 4.8

Total 45 100.0 59 100.0 104 100.0

*Composed of astrocytoma, glioblastomas, ependymoma, & ganglioglioma.
**Two cases of tumor of blood vessels and two cases of craniopharyngioma.
#**Not confirmed histologically (underlying cause of death was brain tumor)
* RURAINANE, BRERME, - Z<HEARRE R PR EEERERAE &L R 5.
ok I RIS 2 1A, R O IR RS 2 ).
kM CHERE TV A (FFER P IIER ¢ dh - ).

TABLE 4 DISTRIBUTION OF PRIMARY INTRACRANIAL TUMORS WITH
CLINICAL SIGNS IN THE LSS EXTENDED SAMPLE, HIROSHIMA & NAGASAKI,
BY MORPHOLOGIC TYPE, SEX, & AGE AT ONSET, 1961-75
£4 HoWERKERMGRE ST AEEERE G T 2 FEERIEAEL O
S, DRk UM R MR, 1ER UREEIEEMH), 1961754

Morphologic Sex Age at Onset

Total
Type Male  Female <40 4059 60+
Glioma No. 8 11 6 9 4 19
% 50.0 379 42.9 47.3 333 42.2
Meningioma No. 1 7 0 3 8
% 6.3 24.1 0.0 26.3 25.0 17.8
Neurinoma No. 2 4 4 1 1 6
% 12.5 13.8 28.6 5.2 8.4 13.3
Pituitary tumor . No. 2 2 1 3 0 4
% 12.5 6.9 71 15.8 0.0 8.9
Other No. 1 2 3 0 0 3
% 6.3 6.9 214 0.0 0.0 6.7
Undetermined No. 2 3 0 1 4 5
% 12.5 10.4 0.0 5.3 33.3 11.1
Total No. 16 29 14 19 12 45
% 100.1 100.0 100.0 100.0 100.0 100.0

category. Meningioma is frequently observed WA, £, SEBBCEVTHELEALNA.

among those aged 40 and over. Neurinoma is W o } R . —
frequently observed in younger ages. Pituitary BMEIHR (3 40RE L L DK 12 5 < B 5 fe. AR 1

tumor is observed among those whose age was BHEEIZEH SN T E R L 6058 KO
less than 60. BB LN,

Table 5 shows the crude annual incidence rate of
primary intracranial tumors with a clinical sign 25 (2 Ml o0 B PR RE AR A A T S 5 S8 1 S 3 P
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TABLE 5 CRUDE ANNUAL INCIDENCE RATE OF PRIMARY INTRACRANIAL TUMORS WITH
CLINICAL SIGNS IN THE LSS EXTENDED SAMPLE, HIROSHIMA & NAGASAKI,
BY MORPHOLOGIC TYPE, SEX, & DOSE, 1961-75
%£5 BRBEEABHMREC L0 B BRERE AT 5 FRETENES O FHERER
KM U B s HLAREY, $ER UHRAERL, 1961— 754

T65 Dose in rad

Item Total
NIC & <1 . 199 100+ Unknown
Male
Person years 303590 189730 31536 13455 538311
Morphologic type (rate/100,000)
Glioma 0.7 (2 1.6 (3) 6.3 (2) 0.0 (0) 1.3:¢7)
Meningioma 0.3(1) 0.0 (0) 0.0 (0) 0.0 (0) 0.2 (1)
Neurinoma 0.3 (D) 0.0 (0) 0.0 (0) 0.0 (0) 0.2 (D)
Pituitary tumor 0.3 (D) 0.5 (1) 0.0 (0) 0.0 (0) 0.4 (2)
Craniopharyngioma 0.0 (0) 0.0 (0) 3.2(1) 0.0 (0) 0.2 (D)
Undetermined 0.3 (1) 0.0 (0) 0.0 (0) 7.4 (1) 04(2)
Total 2.0 (6) 2.1 (4) 9.5 (3) 74 (1) 2.6 (14)
90% confidence limits Upper 3.9 4.8 24.6 35.3 4.1
Lower 0.9 0.7 2.6 0.4 1.6
Female
Person years 461693 292287 43827 17307 815114
Morphologic type (rate/100,000)
Glioma 1.9 0.7 (2) 0.0 (0) 0.0 (0) 1.3 (1D
Meningioma 0.2 (1) 1:7.05) 0.0 (0) 5.7 (1) 09 (N
Neurinoma 0.0 (0) 1.0 (3 0.0 (0) 5740 05 4)
Pituitary tumor 0.0 (0) 0.7 (2) 0.0 (0) 0.0 (0) 0.2 (2)
Tumor of blood vessel 0.2 (1) 0.0 (0) 0.0 (0 0.0 (0) 0.1 (1)
Undetermined 0.2 (1) 0.7 (2) 0.0 (0) 0.0 (0) 04 (3)
Total 2.5(12) 4.8 (14) 0.0 (0) 11.5:(2) 3.4 (28)
90% confidence limits Upper 4.2 7.5 - 364 4.7
Lower 1.5 2.9 - 2:1 24

Three cases with onset prior to January 1961 were excluded in calculation of incidence rate.
Number of cases in parentheses.

19614F 1 ALIATIZ560 L 7= 3RS EHA T A S BRI L 2.

() P9I RE ¥

DML S & HME, ERUHEN IR L L.
19614E 1 HLAATIZ % 4E L 7= 3l R S E R H» 5
Brob U, BT R R S A o S AR O

of brain tumor by morphologic type, sex, and
dose. Three cases whose onset was prior to
January 1961 were excluded in the calculation
of the incidence rate. In males, the rate (107°)

of all types of primary intracranial tumors is
9.5 in the high dose group (100 rad or more),
2.1 in the low dose group (1-99 rad) and 2.0 in
the control group (less than 1 rad and not-in-city
(NIC) ATB). The crude relative risk for those in
the high dose group in comparison with the
control group is 4.8 and the risk for those in the
low dose region is 1.1, respectively, although the
90% confidence limits of the rate suggest no
significant difference. The crude risk of glioma
was elevated in the high dose group, but the

FEHEA (10 75 ) 1A @4iteE (100rad LILE) 79.5, &
BB (1 —99rad ) T2.1, FUBEE (1 rad SRR U508
BN A E) T2.0TH 5. 2 OLFEDIOBEH
PRAR G EEEETEL T A v, LBl
P2 LR O M A fE R 48, (AR ELRE O fE bR
BE11THD. SR ME BRI HHRETFT
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TABLE 6 COMPARISON OF RISK FOR PRIMARY INTRACRANIAL TUMORS WITH
CLINICAL SIGNS IN LSS EXTENDED SAMPLE MALES, HIROSHIMA & NAGASAKI,
BY DOSE, & AGE ATB, 1961-75
#6 HawAHLAREMRERE S ZEEEKEET S
IR TR IARE PAR A DGR ER L, KSR B SRR O BB ER S, 1961 — 754

T65 Dose category in rad

Item
Control Low Dose High Dose
NIC & <1 1-99 100 +
Age <20 ATB
Number of subjects 11208* 7427 1102
Person years 165592 109554 16178
Number of cases 2 1 2
Rate per 1000 1.8 1.3 18.1
Annual incidence rate (10°) 121 0.91 12.36
Crude relative risk 1.0 0.8 10.2
Age 20-39 ATB
Number of subjects 5060 2800 615
Person years 70553 38844 8574
Number of cases 2 0 1
Rate per 1000 4.0 0.0 16.3
Annual incidence rate (10°°) 2.83 0.00 11.66
Crude relative risk 1.0 0.0 - 4.1
Age 40+ ATB
Number of subjects 6325 4005 649
Person years 67446 41332 6784
Number of cases 2 3 0
Rate per 1000 3.2 7.5 0.0
Annual incidence rate (10°%) 2.97 7.26 0.00
Crude relative risk 1.0 2.4 0.0
Total
Number of subjects 22593 14232 2366
Number of cases 6 4 3
Rate per 1000 2.7 2.8 12.7
Standardized relative risk 1.0 1.0 4.8

Mantel and Haenszell? test of significance after adjustment for age ATB: x2=6.56, df.=2, .01 <P<.05.

JET MR B OF WS 18 IF #% @ Mantel & Haenszel ©* @ 75 % 1% B & .

Standardized relative risk adjusted for 3 age ATB groups.

Zo o F R R E R A W IE L A A fE B R

*] case with onset before 1961 was excluded, 19614 LIGi 2 #5 L 7= 1 Broh L 7-.

number of cases was too small to draw a definite
conclusion. In females, however, no primary
intracranial tumor was identified in the high dose
group. The relative risk in the low dose group is
1.9 in comparison with the control group. There
is, thus, no evidence for a radiation effect in the
female exposed population.

Table 6 compares the risk of primary intracranial
tumor with a clinical sign among the male
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TABLE 7 DISTRIBUTION OF PRIMARY INTRACRANIAL TUMORS IN
THE LSS EXTENDED SAMPLE, HIROSHIMA & NAGASAKI,
BY MORPHOLOGIC TYPE, & CLINICAL SIGNS, 1961-75
#7 i AN AL AR E A B 1 B0 B R R TR E AN o o A,
IR R O R RS R UBEREARRY, 1961— 754

Clinical sign of brain tumor

Morphologic Type
Yes % No %

Glioma 11 64.7 4 6.8

. Meningioma 3 17.6 43 72.9
Neurinoma 1 5.9 11 18.6

Pituitary tumor 2 11.8 0 0.0

Vascular tumor 0 0.0 1 1.7

Total 17 100.0 59 100.0

population by age ATB and three dose groups.
Although the number of cases is small in each
cell when the data are partitioned into nine
different cells, including three age ATB categories
and three dose categories, the standardized
relative risk adjusted for age ATB is approximate-
ly 5 in the high dose group and 1.0 in the low
dose group in comparison with the control
group as the standard. The procedure of Mantel
and Haenszel'® reveals this difference to be
significant (.01 < P < .05). By dose and age
ATB, the crude relative risk in the high dose
group is greater in the young age ATB group
(less than 20) than in the middle age ATB
group (20-39). In the older group the relative
risk is 2.4 in the low dose region. It appears that
age ATB is an important variable for radiation-
induced primary intracranial tumors with a
clinical sign of brain tumor. However, all three
cases in the high dose group were found in
Nagasaki survivors, with none in Hiroshima.

Appendix I lists the 45 primary intracranial
tumors with a clinical sign by city, sex, age
ATB, dose, date of onset, age at onset,
morphologic type, and method of diagnosis.

Primary Intracranial Tumorsin Autopsy Subjects
There were 76 cases of primary intracranial
tumors identified among the 5,012 autopsy
subjects in the LSS extended sample. There
were 17 cases with and 59 cases without a
clinical sign. .

Table 7 shows the distribution of morphologic
type by cases with and without a clinical sign.
It appears that significantly different distribu-
tions of morphologic type exist for tumors with
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TABLE 8 PREVALENCE RATE OF PRIMARY INTRACRANIAL TUMORS WITHOUT
CLINICAL SIGNS IN THE LSS EXTENDED SAMPLE, HIROSHIMA & NAGASAKI,
BY MORPHOLOGIC TYPE, SEX, & AGE AT DEATH, 1961-75

#8 HoWBEARHMREC ST ZMEERE AL 2 vERMEEEAES O

AR, LR URE: HER, SR UECHEM, 1961 —754
Item SgjatDexch Total
<60 60-79 80 +
Male
Autopsies* 495 1653 419 2567
Morphologic type (rate/1000 autopsies)
Glioma 0.0( 0 0.0( 0) 0.0(C0 0.0(0)
Meningioma 0.0( 0) 42(N 24( D 3.1( 8)
Neurinoma 20( 1) 1.8( 3 48 ( 2) 2.3(6)
Vascular tumor 00( 0 0.0( 0) 0.0( 0) 0.0( 0)
Total 2000 6.0 (10) 203 54 (14)
Female
Autopsies® 446 1355 627 2428
Morphologic type (rate/1000 autopsies)
Glioma 22( 1D 1.5( 2) 16(1D 1.6 ( 4)
Meningioma 22( 1) 18.5 (25) 14.4( 9) 14.4 (35)
Neurinoma 45(2) 22(3 0.0( 0) 21(95
Vascular tumor 0.0( 0) 0F.¢ 1) 0.0(C 0) 04( 1D
Total 9.0( 4) 22.9 (31) 15.9 (10) 18.5 (45)

*17 cases of primary intracranial tumors with clinical signs were excluded.
BEERAER 2§ 2 A ML S IS 173 PR ok L 7.

Number of cases in parentheses. () P33 EH £4.

and without a clinical sign, Meningioma is the
most frequent type of tumor for those without a
clinical sign.

Table 8 shows the prevalence rate of primary
intracranial tumors without a clinical sign by
sex, age at death, and morphologic type. The
rate is significantly higher in females than in
males in every age category, and altogether is
3.4 times greater. Meningioma is the most
frequent type of tumor among females whose
age at death was 60 and over.

Table 9 shows the prevalence rate of primary
intracranial tumors without a clinical sign by
dose and sex. There is no tendency for greater
risk of primary intracranial tumors without a
clinical sign in both males and females by dose.
Examination of risk after adjustment for age at
death in males and females showed no radiation
effect though the number of cases is small in the
high dose group.

The autopsy records revealed 12 cases (20.3%)
of other malignant pneoplasms out of 59 primary
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TABLE 9 PREVALENCE RATE OF PRIMARY INTRACRANIAL TUMORS WITHOUT CLINICAL SIGNS IN THE
LSS EXTENDED SAMPLE, HIROSHIMA & NAGASAKI, BY MORPHOLOGIC TYPE, SEX, & DOSE, 1961-75
#9 FalELAEEARE IS ZEEERE H L % E R MEEE RSO fRE,
IE i B U i AHLAEEY, R UMY, 1961 — 754

T65 Dose in rad

Item Total
NIC & <1 1-99 100 + Unknown
Male
Autopsies* 1380 942 186 59 2567
Morphologic type (rate/1000 autopsies)
Glioma 0.0(0) 0.0( 0) 0.0(0) 0.0( 0) 0.0( 0
Meningioma 4.3( 6) 21(2) 0.0 ( 0) 0.0( 0) 31(8)
Neurinoma 29( 4) 1.1( 1 54(1) 0.0(C 0 23(6)
Vascular tumor 0.0(0) 0.0(¢ 0) 0.0( 0) 0.0( 0) 0.0( 0
Total 7.2 (10) 32(3 54(1) 0.0( 0) 55(14)
Standardized relative risk 1.0 0.4 0.8 - -
Female
Autopsies* 1256 988 162 22 2428
Morphologic type (rate/1000 autopsies)
Glioma 24(3) 1.0( 1) 0.0 0) 0.0(C 0 1.6( 4)
Meningioma 15.9 (20) 11.1 (11) 185( 3) 455( 1) 14.4 (35)
Neurinoma 1.6( 2) 3.0( 3) 0.0C0) 0.0(¢ 0) 2.1(5)
Vascular tumor 08( 1 0.0(0) 0.0( 0) 0.0( 0) 04 (1
Total 20.7 (26) 15.2 (15) 18.5( 3) 455( 1) 18.5 (45)
Standardized relative risk 1.0 0.7 1.0 - -

Standardized relative risk after adjustment for age at death. FE U WF & i #ili 1E # o0 B 46 1L 40 &f i 1 P 32

Mantel & Haenszel3

test by age at death shows no significant differences in both sexes.

JEC M (2 & % Mantel & Haenszel " METIHEM L L HEREHN S S h L V.
*17 cases of primary intracranial tumors with clinieal signs were excluded.

B PR HEAR & 453 4 5051 B RS 17000k BR Ah L 2=
Number of cases in parentheses. () P15 .

intracranial tumors without a clinical sign. The
rate declined with age at death, being 50% in
those under 60 years, 30.8% at 60-69 years and
14.3% at 70 years or more. Examined by dose,
the rate is 20.0% in the high dose group, 11.1%
in the low dose group and 25.0% in the control
group. Therefore, the rate of complication of
other malignant neoplasms in those primary
intracranial tumor cases without a clinical sign
seems unrelated to dose. The 59 primary
intracranial tumors without a clinical sign were
generally small and most were less than 3 cm in
largest dimension.

Subelinical Adenoma in the Pituitary Gland in
Autopsy Material by Dose

To examine the presence of subclinical adenoma
in the pituitary gland between the high dose
group and .the control group, 100 matched
pairs were selected from the autopsy material
in the sample for 1961-74.

11
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TABLE 10 AVAILABILITY OF PITUITARY GLAND IN AUTOPSY SUBJECTS
FOR 100 SEX- & AGE-MATCHED PAIRS BETWEEN
INDEX CASES & CONTROLS, HIROSHIMA
#10 MEFEME - BE w2100 0 50 H G g, SR & B o
B T e R A AR, TR

Availability of Pituitary Gland

Control* Index Case**
Total
Yes No

Yes 95 2 97
No 3 0 3 ~

Total 98 2 100

*T65 dose 0 rad
**T65 dose 180+ rad

TABLE 11 SUBCLINICAL ADENOMA IN PITUITARY GLAND IN AUTOPSY SUBJECTS
FOR 95 MATCHED PAIRS BETWEEN INDEX CASES & CONTROLS, HIROSHIMA

11 B o —Fa /- 954 &I KR SR ARG & KRR o
I FREPIZH T 5 BEERE, B
Subclinical Adenoma
Control* Index Case**
Total
Yes No
Yes 1 8 9
No 5 81 86
Total 89 95

Relative risk : 5/8 = 0.6 (Mantel and Haenszell3 )

2 =0.31, df =1, P>.10
*T65 dose 0 rad
**T65 dose 180+ rad

Table 10 shows the availability of pituitary
glands for matched pairs by index and control.
There were 95 pairs available for review. Table
11 shows the distribution of subclinical adenoma
by index and controls. The relative risk for
index cases is 0.6 and is not statistically
significant. Therefore, no radiation effect was
observed for prevalence of subclinical adenoma
in the pituitary gland.

DISCUSSION

An excess mortality of brain tumors was
reported in follow-up studies of children
irradiated by therapeutic X-ray for tinea capitis
of the scalp.?”® In the United Nations Scientific
Committee 1977 report' a radiation-induction
rate of brain tumors was estimated at ap-

12
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proximately 20 (9-39) per million per rad per
year in one series® and approximately 5 (2-10)
per million per rad per year per unit absorbed
dose in another series.* The mean doses of
therapeutic radiation were estimated at about
140 rad® and about 120 rad,* respectively. In
a study of 14,554 adults with ankylosing
spondylitis, no excess mortality from brain
tumors was observed after X-ray treatment.'?

The experience of A-bomb survivors provides
evidence on the relationship between incidence
of primary intracranial tumors and a single whole
body exposure of mixed ionizing radiation
composed of gamma rays and neutrons.

The present analyses demonstrate that a sig-
nificant excess risk of primary intracranial tumors
with a clinical sign of brain tumors occurred in
the high dose group (100 rad or more) after
adjustment for age ATB in the male population
during the period between 16-30 years after
exposure. There were firm findings on relative
susceptibility by sex for radiation oncogenesis.
Greater susceptibility for radiation-induced
breast cancer and thyroid carcinoma in female
A-bomb survivors has been reported.!*'® Shore
et al® reported a male predominance for
radiation-induced brain tumors in irradiated
children with all six of the intracranial neurogenic
tumors in their study having occurred in males
alone. The present evidence among A-bomb
survivors of radiation-induced primary intra-
cranial tumors is consistent with the experience
of Shore et al® in their follow-up study of
children treated by X-ray for tinea capitis with
respect to sex differences.

Age sensitivity of radiation-induced intracranial
tumors is also interesting. Shore et al® reported
that no differential age sensitivity was observed
for brain tumor induction related to radiation
among the irradiated children whose age at
treatment was less than 15 years. Nor was an
excess observed in the irradiated adults followed
by Court Brown and Doll.'*

In the present study the follow-up of incidence
of primary intracranial tumors among A-bomb
survivors for the whole lifetime of the study
subjects is incomplete, but the analysis suggests
that sensitivity of radiation-induced primary
intracranial tumors with a clinical sign is greater
for younger ages ATB than for the older ages
ATB 16-30 years after exposure. A firm

13
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conclusion on this issue must await a complete
follow-up investigation when the study would
show disappearance of radiation-induced brain
tumors among the irradiated survivors.

A latent period for radiation-induced primary
intracranial tumors is another important factor
in the incidence rate for irradiated subjects.
Shore et al® reported that an excess mortality
of brain tumors became apparent 20 years after
X-ray therapy. In the UN Scientific Committee
1977 report' an average latent period for
radiation-induced brain tumors studied by
Munk et al'” was calculated as about 27 years.
In the present study, the average period between
exposure and onset for the three high dose cases
was 25 years. Jablon et al'® reported that
children of A-bomb survivors who received
radiation doses of 100 rad or more began to
develop an excessive number of malignant
neoplasms except leukemia after a latent period
of about 15 years from exposure. Otake!®
reported that a significant excess mortality of
cancer except leukemia was observed in heavily
exposed survivors in Hiroshima after 1960 or
15 years after exposure. Beebe et al” recently
reported that the probable onset of excess
cancer mortality except leukemia among heavily
exposed survivors could be observed after 1958
other than for cancer of the lung. The previous
mortality reports of A-bomb survivors suggest
that it was improbable an excess risk of primary
intracranial tumors began among heavily exposed
survivors before 1960,7%1820 although the
present study did not examine the incidence of
primary intracranial tumors among A-bomb
survivors until after 1960 or 15 years after
exposure.

Morphologic type specificity for radiation-
induced primary intracranial tumors is another
interesting subject. The present analyses suggest
that the crude relative risk of glioma in the high
dose group is about nine times greater than the
control, although the group is small. Excess
risk of meningioma with a clinical sign of brain
tumors was not observed in the high dose group.
Shore et al® reported 6 neurogenic tumors in
their second follow-up study of 2,215 children
irradiated for tinea capitis; there were 3 cases
of glioma, 2 cases of meningioma, and 1 case of
neurinoma. Modan et al* reported eight
malignant and eight benign neoplasms of the
brain including four meningioma among irradiat-
ed children, but they did not indicate the
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morphologic types of the malignant brain
tumors. Munk et al'” reported five cases of
radiation-induced primary intracranial tumors
and all were meningiomas. A number of case
reports exist of brain tumors after irradiation by
large amounts of X-ray therapy to the head; most
of these were meningiomas and sarcomas of the
brain, 2%

In the present study all three cases in the high
dose group were in Nagasaki survivors, with none
identified in Hiroshima. This city difference
may reflect the difference in the radiation
characteristics. =~ Hiroshima survivors received
both gamma rays and neutrons from low dose
to large total dose, but Nagasaki survivors
received gamma rays alone in the low dose
range and a few neutrons and a large dose ot
gamma rays in the high total dose range.® The
Oak Ridge National Laboratory group has
studied various organ dose estimates for A-bomb
survivors,”? but organ dose for the brain has not
yvet been estimated, however, it appears from
the tissue kerma dose conversion factor that the
absorbed dose is much more reduced for the
neutron kerma than the gamma kerma dose.
Therefore, it is believed that the organ dose for
the brain is lower in Hiroshima survivors than in
Nagasaki survivors in the same total dose
categories. This fact may explain the inter-city
difference of radiation-induced primary intra-
cranial tumors with a clinical sign.

Based on the autopsy materials for 1961-75, the
relationship between prevalence of primary
intracranial tumors without a clinical sign and
dose was examined, Although the autopsy rate
in our study cohort shows a serious bias by dose,
cause of death, etc.,'® it does not seem likely
that such bias introduces a statistical problem in
examining the prevalence of primary intracranial
tumors detected incidentally at autopsy in
relation to dose.  Although cases are few
in the high dose group of autopsy subjects,
there is no radiation effect on the occurrence
of incidentally detected primary intracranial
tumors. Meningioma is the most frequent type
of primary intracranial tumor without a clinical
sign, especially, in females. About 20% of the
cases had malignant neoplasms other than intra-
cranial tumors and incidentally detected primary
intracranial tumors had no apparent relationship
with coincidence of malignant neoplasms and
dose.
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In addition to the pituitary tumors which
produce clinical symptoms, subclinical adenomas
of microscopic size or larger have for many
years been recognized at autopsy in the pituitary
gland.?®3% Therefore, the presence of subclinical
pituitary adenoma was examined in relation to
dose using sex- and age-matched pairs of autopsy
subjects in Hiroshima, but no radiation effect
was observed. An increased prevalence of
pituitary adenoma has been reported in irradiated
mice.**>*  There may be different mechanisms
for development of pituitary adenoma in mice
and subclinical adenoma in the pituitary gland
in man after exposure to ionizing radiation.

MacMahon® reported that an excess mortality
of leukemia and cancer of the central nervous
system was observed among children who were
prenatally exposed to diagnostic X-ray and
suggested that the fetal brain was sensitive to
radiation-induction of brain tumors. Jablon
and Kato®® reported that no excess risk of
mortality from leukemia and other cancers
including brain tumors occurred during child-
hood among children exposed prenatally to the
A-bomb. In the present study, we also sought
possible intracranial tumors in a cohort of 2,457
in utero exposed persons and controls in RERF
mortality follow-up subjects. However, none
were found in the period 16-30 years after
exposure. Among 183 in utero children examin-
ed at ABCC up until 1965, one case of
meningioma with psammoma bodies of the
brain was reported in a boy who was in the
12th week of gestation ATB.3® His estimated
exposure dose was 29 rad in gamma rays and
4 rad in neutron dose. The record indicated
that the tumor was surgically removed in 1954.
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APPENDIX [
PRIMARY INTRACRANIAL TUMORS WITH CLINICAL SIGNS IN THE LSS EXTENDED SAMPLE,
HIROSHIMA & NAGASAKI, 1961-75
T 1
F R E LK E AR B B B ERAEIR 2 A T 3 5 5 EE I AR,
TR B U R, 1961 — 754

Case MFNo., CtY & Age T65Dose  Onset Age at Diagnosis
— ATB inrad  Yr. Mo. OfaEL Morphologic Type Method** Institution

1 N M 1 Unk 58 8 14 Astrocytoma Autopsy A
2 H M 14 0 59 7 28 Neurinoma Autopsy A
3 N F 3 27 59 8 17 Craniopharyngioma Operation E
4 N F 13 1 61 3 29 Neurinoma Operation G
5 H F 28 7 62 6 45 Meningioma Surgical B
6 HF 14 8 62 i 31 Pituitary tumor Autopsy B
7 H F 42 25 63 1 60  Meningioma Surgical C
8 N M 40 7 63 2 58 Pituitary tumor Autopsy E
9 H M 45  Unk 63 2 62  Undetermined Death certificate  F
10 H F 49 12 63 6 67 Glioblastoma Autopsy A
11 HF 38 0 63 6 55 Astrocytoma Autopsy A
12 H M 8 NIC 63 6 26 Astrocytoma Surgical B
13 H M 41 NIC 63 7 59  Pituitary tumor Surgical B
14 H F 46 8 64 12 65 Neurinoma Operation H
15 H F 19 37 65 3 39 Neurinoma Autopsy A
16 N F 5 NIC 65 3 25 Glioblastoma Autopsy A
17 H M 28 0 66 1 48  Meningioma Operation H
18 H F 38 NIC 66 3 59  Astrocytoma Autopsy A
19 H F 1 NIC 66 5 22 Astrocytoma Surgical B
20 HF 42 0 66 7 63 Undetermined Death certificate  F
21 N F 2 Unk 66 7 23 Neurinoma Surgical E
22 HF 54 15 66 10 75 Undetermined Death certificate F
23 H F 18 0 67 1 39  Glioblastoma Autopsy A
24 H F 34 63 68 1 56 Meningioma Autopsy A
25 H F 33 1 68 6 56 Undetermined Death certificate C
26 N M 2 182 68 12 25 Craniopharyngioma Surgical E
27, H F 19 0 69 1 43 Glioblastoma Autopsy A
28 H F 44 4 69 4 68 Meningioma Autopsy A
29 H M 59 30 69 10 83  Astrocytoma Autopsy A
30 H F 20 NIC 70 9 45  Glioblastoma Autopsy A
31 N M 31 187 70 12 56 Glioblastoma Autopsy A
32 H F 4 0 71 5 30 Ependymoma Surgical B
33 N M 16 113 71 12 42 Astrocytoma Operation E
34 H F 25 0 72 9 52 Glioblastoma Surgical C
35 H F 9 NIC 72 10 37 Tumor of blood vessel Surgical D
36 H M 47 5 72 11 74 Glioblastoma Autopsy A
37 H F 22 Unk 73 12 50 Meningioma Surgical C
38 N F 28 8 73 9 S Meningioma Operation E
39 H F 20 23 73 10 48 Pituitary tumor Surgical B
40 H M 37 0 74 2 66  Glioblastoma Surgical C
41 H F 26 40 74 9 55 Glioblastoma Surgical G
42 H M 42 0 74 9 72 Undetermined Death certificate F
43 H F 31 NIC 74 10 60 Meningioma Surgical ¢
44 H M 17 0 7] 5 47 Neurinoma Surgical B
45 H M 13 1 75 10 43 Ganglioglioma Surgical B

Institution: A — RERF; B — Hiroshima University Medical School
Prefectural Hospital; E — Nagasaki University Medical School; F — Private Physician or Hospital;

G — Kurume University Medical School; H — Okayama University Medical School.
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; C' — Hiroshima Citizen’s Hospital; D — Hiroshima
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