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SUMMARY

A study was made of the relationship of radiation
dose to the incidence of urinary bladder tumors
among atomic bomb survivors and controls in
the RERF Life Span Study extended sample.
A total of 112 cases of urinary bladder tumors
was identified among approximately 99,000
subjects in this fixed cohort during 1961-72.
Morphologic diagnoses were available for 86
cases (76.8%), cystoscopy alone for 21 cases
(18.7%), and only the cause of death recorded on
death certificates for 5 cases (4.5%). Urothelial
carcinoma (transitional cell carcinoma) is the
most common type of urinary bladder tumor for
which morphologic diagnoses are available.

The 1961-72 incidence rate was calculated using
106 cases identified as urinary bladder tumors.
Although the crude annual incidence rate in the
high dose group (100 rad or more) is elevated in
both cities and both sexes, all nine cases with this
dose were aged 40 years or more at the time of
the bomb (ATB). The standardized relative risk
adjusted for city and sex for those of age 40 or
more ATB in the high dose group is 1.8 in
comparison with the control group and this is
a suggestive statistical difference. A statistically
significant elevation of risk occurs in the high
dose group for urothelial carcinoma and adeno-
carcinoma of the urinary bladder among those
aged 40 or more ATB.
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INTRODUCTION

The excess risk of urinary bladder tumors among
workers employed in the manufacture of dyes
and certain chemical substances who are
chronically exposed to particular chemical
carcinogens is well known."? There are few
reports, however, relating induction of urinary
bladder tumors to ionizing radiation. The 1977
report of the United Nations Scientific Committee
on the Effects of Atomic Radiation® presented
some findings on mortality from cancer of the
bladder among patients following the irradiation
of the pelvis by radium or X-rays. Beebe et al*
reported suggestive evidence for possible induction
by atomic radiation of malignant neoplasms of
the bladder and other urinary organs among
proximally exposed A-bomb survivors, based on
the pathology diagnosis of the autopsy materials
in the RERF Life Span Study (LSS) sample
during 1961-65. Recent analyses of deaths
among A-bomb survivors in the mortality study
sample suggest an increased mortality due to
cancer of the urinary organs by radiation dose.**¢
However, these authors noted that only about
40% of the deaths attributed to these cancers
were recorded on the death certificates.’

The present analysis reports the relationship
between development of urinary bladder tumors
and dose for A-bomb survivors and controls in
the LSS extended sample during 1961-72.

MATERIALS AND METHODS

The study subjects were selected from the LSS
extended sample,” Hiroshima and Nagasaki,
who were alive as of 1 January 1961. They
numbered 98,663 individuals with 74,355 in
Hiroshima and 24,308 in Nagasaki, including
74,114 A-bomb survivors, and 24,549 subjects
who were not in the city (NIC) ATB. Exposure
dose of the individual A-bomb survivors was
calculated by the T65D system.” The T65D
total dose is the sum of independent estimates of
the gamma and neutron doses in rad.

Table 1 shows the distribution of the subjects
by dose, city, and sex. Dose is unknown for
2,194 (2.2%) of the total individuals. It appears
that subjects are differently distributed by dose
and city.

Ascertainment of Urinary Bladder Tumors
Cases diagnosed as tumors of the urinary system
during 1961-72 were screened from the mortality

#
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L SR T 1R M Y IR R L /= e 3 B o) I JORAT: 735
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TABLE 1 DISTRIBUTION OF INDIVIDUALS IN THE LSS EXTENDED SAMPLE BY CITY,
SEX, & DOSE, 1 JANUARY 1961

#l RBEWELAEAYREOBH, MROHRR ST, 196141018

T6S5 dose in rad

Item

NIC <1 1-99 100+ Unk Total

Hiroshima No. 18711 26851 24633 2915 1245 74355
% 25.2 36.1 33.1 39 1.7 100.0

Nagasaki No. 5838 4285 10666 2570 949 24308
% 24.0 17.6 439 10.6 3.9 100.0

Male No. . 10124 12470 14232 2366 992 40184
% 25.2 31.0 35.4 5.9 2.5 100.0

Female No. 14425 18666 21067 3119 1202 58479
% 24.7 31.9 36.0 5.3 24 100.0

Total No. 24549 31136 35299 5485 2194 98663
% 24.9 31.5 35.8 5.6 2.2 100.0

study,® pathology studyB and the Hiroshima and
Nagasaki Tumor Registries data.® In cooperation
with urologists of the larger hospitals of
Hiroshima and Nagasaki additional efforts were
made to ascertain all urinary bladder tumors in
this sample unreported to the Tumor Registries
in the two cities during 1961-72.

Based on the autopsy and biopsy materials
available, the morphologic types of urinary
bladder tumors were classified by the pathologist
(H.S.). Altogether, 112 cases of urinary bladder
tumors were identified in the LSS extended
sample, Hiroshima and Nagasaki, between
1961-72. By morphologic type 86 cases were
identified including 81 wurothelial carcinoma
(synonym: transitional cell carcinoma'®), 3
adenocarcinoma, 1 mixed type of carcinoma, and
1 sarcoma. Twenty-one cases of urinary bladder
tumors identified by cystoscopy alone were
classified as a papillary tumor of the bladder
upon reference to the clinical findings on the
medical records. Only five cases were designated
as cancer of the urinary bladder by the cause of
death given on the death certificate and these
were classified as carcinoma of the bladder,
type unknown.

Calculation of Incidence Rate and Statistical
Evaluation

The annual incidence rates of urinary bladder
tumors in the LSS extended sample are expressed
in terms of person-years at risk to examine the
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TABLE 2 DISTRIBUTION OF URINARY BLADDER TUMORS IN THE LSS EXTENDED SAMPLE
BY MORPHOLOGIC TYPE, SEX, & AGE AT DIAGNOSIS, HIROSHIMA AND NAGASAKI 1961-72

%2

S WAIAKE I B 1 3 BIA O 545 ; MR, fE, BURISEMR,

TG0 R U R, 1961—T724F

Sex Age at diagnosis
Morphologic type Total

M F <40 40-59 60-69 70+

Urothelial cancer No. 81 53 28 3 9 26 43
% 723 76.8 65.1 75.0 64.3 66.7 78.2

Adenocarcinoma No. 3 1 2 0 0 1 2
% 2.7 1.5 4.7 0 0 2.6 3.6

Mixed type No. 1 1 0 0 0 1 0
% 0.9 1.5 0 0 0 2.6 0

Sarcoma No. 1 0 1 1 0 0 0
% 0.9 0 273 25.0 0 0 0

Papillary tumor No. 21 12 9 0 4 9 8
% 18.7 17.3 20.9 0 28.6 23.0 14.6

Type unknown  No. 5 2 3 0 1 2 2
% 4.5 2.9 7.0 0 741 5i1 3.6

Total No. 112 69 43 4 14 39 55
% 100.0 100.0 100.0 100.0 100.0 100.0 100.0

dose effect by city, sex, age ATB, and mor-
phologic type.!''2  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.

RESULTS

Distribution of Urinary Bladder Tumors by Mor-
phologic Type, Sex, and Age

Table 2 shows the distribution of the 112 cases
of urinary bladder tumors identified in this study
by morphologic type, sex, and age at diagnosis.
Urothelial carcinoma was the most frequent
type with 72.3%; adenocarcinoma 2.7%; mixed
type of carcinoma 0.9%;sarcoma 0.9%; papillary
tumors of the bladder 18.7%; and carcinoma of
the bladder, type unknown 4.5%. Urothelial
carcinoma was the most frequent type of tumor
in both sexes and every age category. Of the
112 cases 94 (83.9%) were aged 60 years or more
at the diagnosis of the disease.

Incidence Rate of Urinary Bladder Tumors in
LSS Extended Sample During 1961-72

Of the 112 wurinary bladder tumors, 6 were
excluded from the calculation of incidence rates
because they were diagnosed prior to 1 January
1961. .

SREBPBEAECHEL LY BESRE R
Ho < falf#E #H T Mantel & U Haenszel 8 T

FEHE (LA A P 22 RO R B R 22 & (.

s R

PEBERE S O AT, MR CERB ST

F 2 1A I ECMER & 1A L1210 o0 B N 48 o R
B, MERUZEFEMSHEERLA. Kb Eh-o7
DR LEEETT2.3%TH Y, IWE2.7%, BE
10.9%, MW 0.9%, FLICKIE RN 18.7%, Y
TR 4.5% Th -7, R EREIZS
b, TRTOEMREFTHRL E2 5742, 1120
941 (83.9% ) A REWIRF FEM60RE L) ET & - 7.

i 3 T K HE LA 45 03 B 1961 — 72 5 00 B bt I 9
g
b IR RE 85 112450 vh 6 712 19614 1 A 1 B LLRT 12 22 6T
Ehn, BELORE» SBL .
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TABLE 3 CRUDE ANNUAL INCIDENCE RATE OF URINARY BLADDER TUMORS IN THE LSS
EXTENDED SAMPLE BY DOSE & MORPHOLOGIC TYPE, 1961-72

#3 BB AKERICEG S BIEEGO S HBEESR,; ML UHEERS, 1961— 724
T65 dose in rad
Item Total
NIC & <1 1-99 100+ Unk
Person years 626164 394719 61726 25055 1107664
Morphologic type (Annual incidence rate per 100,000 population)
Urothelial carcinoma 7.5 (47) 4.8 (19) 113 (D 120 (3) 6.9 (76)
Adenocarcinoma 02 (1) 0.3 (1) 1.6 (1) 00 (@ 03 3
Mixed type of carcinoma 0.0 (0) 0.3 (1) 0.0 (0) 0.0 () 0.1 (0
Sarcoma 0.2 (1) 0.0 (0) 0.0 (0) 0.0 (0) 01 (1)
Papillary tumor 1.6 (10) 23 (9 1.6 (1) 0.0 (0) 1.8 (20
Type unknown 0.6 (4) 0.3 (1) 0.0 (0) 0.0 (0) 05 (5
Total 10.1 (63) 7.9 (31) 14.6 (9) 12.0 (3) 9.6 (106)
90% confidence limits for total bladder tumors
Upper 12.4 10.6 25.4 30.9 11.2
Lower 8.1 5.7 7.6 3.3 8.1
Crude relative risk 1.0 0.8 1.4 1.2 -

6 cases (5 urothelial carcinomas and 1 papillary tumor) with onset before 1961 were excluded in the

calculation of the incidence rate.
Number of cases in parentheses.

19616 LARTIZ S BLL 2 6 (A (PR3 L7 517, FLEARREAS 100 ) 2 BERHT» SBRIL 2.

FEAM P 1 AE 7 ¥

Table 3 presents the crude annual incidence rates
of urinary bladder tumors per 100,000 population
in the LSS extended sample during 1961-72 by
dose and morphologic type. The crude incidence
rate for all types of urinary bladder tumors is
1.4 times higher in the high dose group (100 rad
or more) than in the control group (<1 rad and
NIC); however, this difference is not statistically
significant.  Although the numbers are small
when examined by morphologic type and dose,
the increased risk in the high dose group seems
restricted to urothelial carcinoma and adeno-
carcinoma of the urinary bladder. Table 4 shows
the crude annual incidence rates of urinary
bladder tumors by dose and city. The crude
relative risk for the high dose group is 1.5 in
Hiroshima and 1.6 in Nagasaki. Again, these
rates are not statistically significant. Table 5
shows the crude annual incidence rate for urinary
bladder tumors by dose and sex. The crude
relative risk in the high dose group is 1.3 in
males and 1.6 in females with no significant
difference.

Table 6 shows the crude annual incidence rates
of urinary bladder tumors by dose and three age

£ 3 HGREMALERC BT 51961 -T280 AN
1075 A 2 7= 0 o I BERE 8 o0 4 [T 96 46 38 & f ik R O
HEER AR L .
H T AR SRS LR (100 rad L) B) AP BEREE (1 rad
S A CHATES) DL METHIH, ZOEILK
TR AHBE TS o, MR R ORI A D LEE
FlEE D v A, RO fi e EE BN R i bR
WMRUBBIZIBEShTHWa LB LNS. 412
i DGR 85 0 £ P HRL 36 2R 38 & AR I B PR TR BN L 2.
o A T o0 AR FR a0 FE B ER IR IR ES 1.5, RWH1.6T
s, ThoOMERELHEHANHFETE L., #5112
I I 955 0> FF THDML 56 4 5 & ARt R OMERICOR L .
PR O A K P fE B I B3, KEL.6T,
MEREEZ TGV,

F T LA T O B DERE 485
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TABLE 4 CRUDE ANNUAL INCIDENCE RATE OF URINARY BLADDER TUMORS IN THE LSS
EXTENDED SAMPLE BY DOSE & CITY, 1961-72

#F4 Ro@EEAEFICET 3 BES O EHEEESE,; SRECHHD, 1961—724

T65 dose in rad

Item Total
NIC & <1 199 100+ Unk
Hiroshima
Person years 511319 274601 32410 14222 832552
Cases 53 16 8 2 76
Rate (10—35) 10.4 5.8 15.4 14.0 9.1
90% confidence limits Upper 13.0 8.8 324 44.3 10.9
Lower 8.2 3.7 6.1 2.5 7.6
Crude relative risk 1.0 0.6 1.5 1.3 -
Nagasaki
Person years 114845 120118 29316 10833 275112
Cases 10 15 4 1 30
Rate (10—5) 8.7 12.4 13.6 9.2 10.9
90% confidence limits Upper 14.8 19.2 31.2 43.8 14.8
Lower 4.7 7.7 4.7 0.5 7.9
Crude relative risk 1.0 1.4 16 11 -

See note Table 3.

ATB categories. All nine cases in the high dose
group were in individuals aged 40 or more ATB.
The crude relative risk in the high dose group is
2.0; compared with the low dose group this is
not a statistically significant difference. No
urinary bladder tumors occurred in the high dose
group among persons under age 40 ATB during
the period from 15 to 27 years after exposure.

Table 7 shows the crude annual incidence rates
of urinary bladder tumors by dose and mor-
phologic type for those aged 40 or more ATB. It
appears that an excess risk of urothelial carcinoma
and adenocarcinoma exists in the high dose

group.

Table 8 shows the standardized relative risk
adjusted for sex and city among those aged 40 or
more ATB for all types of urinary bladder
tumors, and urothelial carcinoma and adeno-
carcinoma by dose. The standardized relative
risk for all types of urinary bladder tumors in
the high dose group compared with the control
group is about 1.8;the risk in the low dose group
(1-99 rad) is about 0.7. Examined by the
procedure of Mantel and Haenszel'® the
difference is suggestive (.05<P<.10). For a
similar comparison of the risk of urothelial

TATHBREEEMROLL ELCH . SRR
A A fEREIE 2.0T, (€A ARF & i L THE
MABEIEG G, HBRRISEL» S2TEETOMM
0, AR LR T MR A W A 40K SRl 0 A 2
MEBIGFREBL 27,

Fo T 12 BRAE AE 05 405 LU L o> 35 o0 ) DRI 985 o0 - T RL
RARAL G R OCHBRRIZRL 2. GEitETE
IR BB R OIS OB MA RS0 S 85T
H 3.

Fe 8 IZHHRS F R 405 2L E OB O+ ST ORIOB;
M35 & PR B LR B IR o o T, RUEIT A
frdeir U = MR e R A AR BB IZ R L A TR
&L 72 B AR O T o0 BY 00 b RN 955 o) 43 6
{LAERT MR 249 1.8, (&M AR (1 —99rad)
TE#0.7T H 3. Mantel & U Haenszel i£" #
WTHNBEE, BRESREESNA (.05 <P < .10).
IR B b I R PR oe o0 5 A 7 B 3R & [ BRI bk
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TABLE 5 CRUDE ANNUAL INCIDENCE RATE OF URINARY BLADDER TUMORS IN
THE LSS EXTENDED SAMPLE BY DOSE & SEX, 1961-72

#5 e PEEKAEEIC B S BRSO F B A S SR UER, 1961 — 724

T65 dose in rad

Item Total
NIC & <1 1-99 100+ Unk

Male

Person years 249658 156075 26036 11056 442825

Cases 36 23 5 3 67

Rate (10—5) 14.4 14.7 19.2 27.1 15.1

90% confidence limits Upper 19.0 20.9 40.3 70.1 18.5
Lower 10.7 10.1 7.6 7.4 12.3

Crude relative risk 1.0 1.0 1.3 1.9 -

Female

Person years 376506 238644 35690 13999 664839

Cases 27 8 4 0 39

Rate (10—5) 71 3.3 11.2 0.0 5.8

90% confidence limits Upper 9.9 6.1 25.6 - 7T
Lower 51 1.7 3.8 - 4.4

Crude relative risk 1.0 0.5 1.6 - -

See note Table 3.

TABLE 6 CRUDE ANNUAL INCIDENCE RATE OF URINARY BLADDER TUMORS IN
THE LSS EXTENDED SAMPLE BY DOSE & AGE ATB, 1961-72
#6 FaMIIEAERIZ B 5 IS O 5 ER LS FRER OB
S, 1961 —T724

T65 dose in rad

Item Total
NIC & <1 1-99 100+ Unk
Age <20 ATB
Person years 289787 187175 30116 12959 520037
Cases 2 1 0 0 3
Rate (10—5) 0.7 0.5 0.0 0.0 0.6
90% confidence limits Upper 2.2 2:5 - - 1.5
Lower 0.1 0.0 - - 0.2
Crude relative risk 1.0 0.8 - - -
Age 20-39 ATB
Person years 195219 118180 19672 8200 341271
Cases 9 4 0 1 14
Rate (10—5) 4.6 33 0.0 12.2 4.1
90% confidence limits Upper 8.0 b s - 57.9 6.4
Lower 2.4 1.2 - 0.6 2.5
Crude relative risk 1.0 0.7 - 27 -
Age 40+ ATB
Person years 141158 89364 11938 3896 246356
Cases 52 26 9 2 89
Rate (10—5) 36.8 29.1 75.4 513 36.1
90% confidence limits Upper 46.3 40.4 131.5 161.7 43.0
Lower 28.9 20.4 39.3 0.9 30.1
Crude relative risk 1.0 0.8 2.0 14 -

See note Table 3.
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TABLE 7 CRUDE ANNUAL INCIDENCE RATE OF URINARY BLADDER TUMORS
IN THE LSS EXTENDED SAMPLE WHOSE AGE ATB WAS 40 OR MORE
BY DOSE & MORPHOLOGIC TYPE, 1961-72
F T PR O 5 405 L b o0 5 Ay R T A S B 0 S 2 0 I AT % 4 B

MEAE R R R O,

1961 — 724

T65 dose in rad

Item
NIC & <1 199 100+

Person years 141158 89364 11938
Morphologic type (Crude annual incidence rate per 100000 population)

Urothelial carcinoma 29.0 (41) 16.8 (15) 58.6 (1)

Adenocarcinoma 0.7 (1) 1.1 (1) 8.4 (1)

Mixed type 0.0 (0 1.1 (1) 0.0 (0)

Papillary tumor 50 (D 9.0 (8) 8.4 (1)

Type unknown 21 (3 1.1 (1) 0.0 (O

See note Table 3.

TABLE 8 COMPARISON OF STANDARDIZED RELATIVE RISK FOR URINARY
BLADDER TUMOR IN THE LSS EXTENDED SAMPLE WHOSE AGE WAS 40
OR MORE ATB, 1961-72
F 8 HEHRER G 40RE L) b o0 i 3 AL Ok 4 ek B o s VRN A5 £ 8 A
FRAT I fE R 3 o e, 1961 — 724

T65 dose in rad

Items

NIC & <1 1-99 100+
Subjects 14541 9361 1242
Urinary bladder tumors 52 26 9
Crude incidence rate (/1000) 3.6 2.8 7:2
Standardized relative risk
adjusted for city & sex 1.0 0.7 1.8
Statistical test by Mantel
& Haenszel’s procedure x2=5.33 df=2 .05<P<.10
Urothelial carcinoma &
adenocarcinoma 42 16 8
Crude incidence rate (/1000) 2.9 1.7 6.4
Standardized relative risk
adjusted for city & sex 1.0 0.6 1.9
Statistical test by Mantel
& Haenszel's procedure x2 =958 df =2 P<.01

See note Table 3.

carcinoma and adenocarcinoma by dose the
difference is significant (P<<.01)., Therefore, it is
concluded that the risk of wurinary bladder
tumors is significantly different by dose and the
excess risk in the older age ATB group stems
from urothelial carcinoma and adenocarcinoma.

The average period between exposure and
diagnosis for the 10 cases of urinary bladder

THE, BUEETHB(P<.01). LANST,
ﬁﬁﬂ'ﬁﬂ AN EREEoZIXEETH Y, #
HR S EE i A% I 0 B 0 fE [0 3 DM R s B RO R U
Iz L2 e#d@RATLENS.

o i B T R B R R AT40EE L)k o O o IDERE 48
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TABLE 9 AVERAGE PERIOD BETWEEN EXPOSURE AND ONSET
FOR 10 URINARY BLADDER CASES IN THE LSS EXTENDED
SAMPLE WHO RECEIVED 100 RAD OR MORE, 1961-72
# 9 FerdEILARENC 51055100 rad LI MR o 1 ERE 95
108l D e bk A0 5 5895 £ T O FHIMIM, 1961 — 724

Average period between

Age ATB Cases . .
exposure and diagnosis

40-49 4 25.2 (years)

50-59 4 20.9

60+ 2% 18.0

Total 10 21.0

*1 case diagnosed in 1958 is included.

tumors in the high dose group aged 40 or more
ATB is shown in Table 9. The numbers are
small when divided by three age ATB groups;
however, the latency of radiation-induced
urinary bladder tumors appears to be shorter
with increasing age ATB.

Appendix 1 lists the 112 cases of urinary bladder
tumors in the present study.

DISCUSSION

Reports on radiation-induction of malignant
neoplasms of the urinary tract in man are few.
Palmer and Spratt!* reported an excess of
bladder cancers following irradiation of the
pelvis by therapeutic radiation;the mean latency
was 14.0 years. Smith and Doll'® reported that
an excess risk of malignant tumors following
bladder pelvic irradiation for metropathia
haemorrhagica was improbable. McIntyre and
Pointon!® reported a suggestion of sensitivity of
the bladder to cancer-induction by radiation at
extremely high doses based on 8,950 patients
treated for cancer of the cervix. Mortality data
on the A-bomb survivors during 1950-74 suggested
an association between mortality from urinary
tract cancer and dose among those aged 35 or
more ATB.5

It is generally said that the histologic classification
of carcinoma of the bladder is to some extent
unsatisfactory in terms of prognosis.” Both
benign and malignant neoplasms of urinary
bladder are generally classified clinically as tumors
of the urinary bladder.!” The present report
includes as papillary tumors of the bladder
cases diagnosed as urinary bladder tumors on
cystoscopy alone. The diagnosis of papillary

1958 Iz BT & vz 11l & & .

10fAl D HE 2 5 B WF & COFAMM%E £ 9 2R L £,
PORER SRR E D0 P 2 LEMBE L L 2B
A, TRCS R R I IOERE 985 0 R OR R 0 TR 4 o A
WML ABIME->THLEDEITH 3.

ek 112 4= 37 o o RERE 0 11261 2 #13C L /=

2

AN B O FFR #5 12 k T B B i i oo TEAE BT A AR 56 e
T AEmE LD v, Palmer BT Spratt™ 135
B AR BOAE HR A 20 2 S B o0 £ B A R
51, FOFEEBFRMMITIL.0ETHLEMEL .
Smith B U Doll™ (3 AHEME & HMLEE 0 7= o 12 1 I
AR OB A R 7 B 0 FEMERE A O fi SR RN
BHENELEVWTH A I EHEL L. Melntyre R UF
Pointon® |&F & S o L TRO TEwmit T
EEE AR 2B 8,950 A1 BT, BERELE B S AR
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M3 5.7 FETRBREREO S T BHREL & 32
BF & h 7= E L B BEFLERRES & L T &S . MR
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tumors of the bladder has very high reliability
having been determined by a urologist.

Based on crude annual incidence rate the present
analysis of wurinary bladder tumors among
A-bomb survivors and controls in 1961-72 shows
a greater risk in the high dose group than in the
control group in both cities and both sexes. No
cases of urinary bladder tumor were identified
in the 4,242 A-bomb survivors who received
100 rad or more and were under age 40 years
ATB, although 16 cases of urinary bladder
tumors were identified among the low dose and
control group of 67,077 subjects who were
under age 40 ATB. Of the 112 persons with
urinary bladder tumors in this study 84%
developed the disease at 60 years of age or more.
Subjects under age 40 ATB were under 55 years
in 1961 and less than 67 in 1972. Thus, it
appears that most of the study subjects under
age 40 ATB had not reached the susceptible age
for development of wurinary bladder tumors
during 1961-72. In contrast to young survivors
under age 40 ATB, the standardized relative
risk adjusted for city and sex in the high dose
group aged 40 or more suggested an effect of
radiation. These subjects were aged 55 or more
in 1961 and 67 years or more in 1972. Therefore,
almost all subjects aged 40 or more ATB reached
the susceptible age for development of urinary
bladder tumors during the observation period
in the present analysis of data. This suggests
that the susceptible age for development of
urinary bladder tumors and years after exposure
have important roles in the detection of radiation-
induced urinary bladder tumors.

The latency period of radiation-induced cancer is
an interesting subject in considering follow-up
data of the risk of malignant neoplasms by site
among A-bomb survivors in relation to dose. An
epidemiologic  difference has already been
reported in the development of radiation-induced
cancer including leukemia among A-bomb
survivors by site of cancer, morphologic type,
years after exposure, and quality and quantity
of radiation dose.>!8%! However, several
previous mortality reports®*>* on the RERF
fixed cohort suggest it is unlikely that an excess
risk of radiation-induced cancer, excluding
leukemia and lung cancer occurred before 1961
even among those aged 40 or more ATB. Beebe
et al® reported that the probable onset of excess
mortality for cancer of the urinary organs in
the 100 or more tad group would be in 1967-70,

10
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FIGURE 1 CRUDE ANNUAL MORTALITY RATE PER 100,000 POPULATION OF CANCER
OF BLADDER IN JAPAN BY SEX & AGE, 1975
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or 22-25 years after exposure. The present data
have unavoidable limitations for studying the
latency period of radiation-induced urinary
bladder tumors in relation to age ATB. The
observations are restricted to 15 to 27 years
after exposure. Therefore, the follow-up of
incidence of the disease among exposed survivors
for the whole life span is incomplete, especially,
in the younger age ATB groups. According to
the 1975 Vital Statisticsin Japan,?* the mortality
rate for cancer of the urinary bladder increases
with age as shown in Figure 1. Urinary bladder
tumors are rare in those under 60 years old.

Regarding the present observed evidence, the
pattern of excess risk of radiation-induced
urinary bladder tumors might be demonstrated in
relation to age ATB and calendar year after
exposure as shown schematically in Figure 2.
It is wunlikely that radiation-induced urinary
bladder tumors appear only among older age
ATB survivors, despite our present inability to
demonstrate an increased risk in the younger
age ATB group with high dose. This proposed
hypothesis concerning the pattern of latency of
radiation-induced urinary bladder tumors in

11

Source: Vital Statistics in Japan24
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FIGURE 2 SCHEMATIC MODEL FOR EXCESS RISK (CUMULATIVE RISK) OF RADIATION-INDUCED
URINARY BLADDER TUMORS IN RELATION TO AGE ATB & YEARS AFTER EXPOSURE
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relation to age ATB and years after exposure
must await further observations on the A-bomb
survivors for support or disproof.

Examined by dose and morphologic type, the
significant excess risk in the high dose group
aged 40 or more ATB appears to stem from
urothelial carcinoma and adenocarcinoma. It is
not apparent that papillary tumors of the urinary
bladder are related to radiation.

The cases identified in this study were ascertained
by retrospective review of medical records and
available pathologic materials during 1974-75.
Therefore, it was not possible to examine the
clinical course and pathologic characteristics
of all identified cases in relation to dose.

There were 79 deaths among the 112 cases of
urinary bladder tumors reported here during
1961-72. The underlying causes of death on the
death certificates were: cancer of the urinary
bladder (8th ICD188) 20 (25.3%), cancer of
other and unspecified urinary organs (8th
ICD189) 17 (21.5%), and neoplasms of un-
specified nature ‘of other genitourinary organs
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(8th ICD237) 10 (12.7%). Death in the other
32 cases was attributed to causes other than
neoplasms of the urinary tract. Thus, it appears
that a mortality study of urinary bladder tumors
based on death certificates is of quite limited
value in assessing the radiation effect.

In addition to the study of urinary bladder
tumors an attempt was made to detect kidney
tumors in the LSS sample in 1961-72. ABCC-
IJNIH Pathology Studies Report 3*° of the
autopsy program compared the underlying causes
of death on death certificates with the principal
autopsy diagnoses during 1951-70. The
confirmation rate for cancer of the kidney was
27.3% and the detection rate was 23.1%.
Therefore, a complete ascertainment of malignant
neoplasms of the kidney is not possible without
autopsy. From the 4,348 autopsy subjects in
the original LSS sample during 1961-72, 32
cases of renal cell carcinoma were identified as
malignant neoplasms of the kidney, and there
were only 3 such carcinomas among individuals
who received 100 rad or more. Two of these
three cases were under age 50 years at death,
but no renal cell carcinoma of the kidney was
identified among those who received less than
100 rad and who were under age 50 at death.
The effect of radiation on the risk of malignant
neoplasms of the kidneys could not be studied
using the RERF autopsy materials during
1961-72, because of the few cases and the biases
in the autopsy series in relation to dose, cause
of death, age at death, etc.?5'?°
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APPENDIX I CASES OF URINARY BLADDER TUMORS IN THE LSS EXTENDED SAMPLE
HIROSHIMA AND NAGASAKI, 1961-72

ek 1 IR R U B 0 3 5 TR A TE K S T 0 B B BENTAEEA, 1961 —T24E

Age T65D Dx Age Age T65D Dx Age
ME s A'?B rad Yr Mon atDx MF Sex ATB rad Yr Mon atDx
Hiroshima
F 41 0 69 05 65 F 62 106 58 04 75
M 24 0 66 05 45 M 59 11 65 04 79
F 47 0 72 04 74 M 50 3 72 08 78
F 37 0 64 09 56 M 52 0 68 07 75
M 65 46 68 08 88 F 44 NIC 65 07 64
M 49 0 69 06 73 F 50 0 70 01 74
F 58 0 71 02 84 M 56 2 64 11 75
M 40 4 60 04 54 F 47 0 57 05 59
M 47 48 61 05 63 F 47 0 58 02 60
M 49 218 67 03 71 M 46 0 72 02 73
M 44 458 71 02 70 F 51 0 66 11 73
M 52 11 71 06 78 M 49 20 61 10 65
F 5 18 54 11 67 M 43 0 62 03 60
F 56 0 70 06 80 M 51 Unk 64 12 7
F 53 254 66 08 74 F 50 0 62 05 77
M 42 0 64 04 61 M 42 0 64 07 61
M 53 11 72 09 20 M 55 Unk 67 09 17
F 37 0 65 12 57 M 46 0 61 02 61
M 44 13 72 06 70 M 62 1 62 05 79
F 37 15 63 08 55 M 51 5 71 09 77
M 46 0 61 06 62
——
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APPENDIX 1 Continued

8% 18 &

Age T65D Dx Age
MF  Sex  ,TB  rad Yr Mon atDx
Hiroshima, Continued
F 46 0 62 10 63
M 64 0 61 09 81
M 55 0 66 09 76
M 51 0 2 06 78
F 14 0 69 07 38
M 47 0 62 01 63
M 45 NIC 69 10 69
M 44 52 71 07 70
M 31 74 66 05 51
F 56 104 61 03 72
F 47 4 63 03 65
M 44 142 72 01 71
F 47 31 67 08 69
M 49 0 65 02 69
F 55 0 67 07 77
M 48 0 67 07 70
M 39 NIC 70 10 64
M 38 NIC 71 01 64
F 1 0 65 03 21
M 42 NIC 72 11 69
Nagasaki

M 37 NIC 65 08 57
M 41 54 70 05 66
M 26 1 71 12 52
M 36 74 61 01 52
F 417 11 66 05 68
M 47 44 62 01 63
M 55 1 72 06 82
M 47 1 61 01 63
M 18 72 64 10 37
M 52 3 70 02 71
F 41 3 61 03 57
M 44 43 67 02 65
F 48 3 64 08 67
F 46 13 71 05 72
M 41 31 66 11 62
F 60 256 66 11 81

] Age T65D Dx Age
ME B ATB rad Yr Mon atDx
M 54 0 65 05 74
M 50 NIC 69 01 73
M 50 NIC 70 09 75
M 48 NIC 62 12 66
F 52 NIC 64 12 71
F 36 NIC 68 04 59
F 39 NIC 61 08 55
F 48 NIC 67 05 70
M 50 NIC 70 07 75
F 51 NIC 67 07 73
M 54 NIC 67 01 76
F 54 NIC 65 04 74
F 51 NIC 71 06 77
M 50 NIC 65 11 70
M 51 NIC 64 01 69
M 49 NIC 62 02 66
M 49 NIC 71 03 75
M 53 NIC 72 02 79
F 40 NIC 71 08 66
F 51 NIC 92. 03 77
M 21 Unk 61 04 37
F 44 0 66 10 65
F 52 143 71 10 79
M 30 0 62 07 47
F 50 0 66 08 71
M 54 0 60 01 68
M 41 848 68 11 65
F 44 NIC 68 08 67
F 44 NIC 65 03 64
F 46 20 67 07 68
M 46 0 70 05 71
M 51 0 72 06 78
M 51 118 62 05 68
M 50 NIC 61 06 66
M 53 NIC 63 04 70
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