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SUMMARY

This study examines the risk of cancer (inci-
dence) over a period of 40 yecars among the in
utero exposed survivors of the atomic bombing of
Hiroshima and Nagasaki, and adds eight years of
follow-up to a previous report which was confined
to mortality. Only two cases of childhood cancer
were observed among these survivors in the first
14 years of life; both had been heavily exposed.
Subsequent cancers have all been of the adult type.
Not only did the observed cancers occur earlier in
the >0.30 Gy dose group than in the 0 Gy dose
group but the incidence continues to increase and
the crude cumulative incidence rate, 40 years after
the A-bombing, is 3.9-fold greater in the >0.30 Gy
group. In the observation period 1950-84, based
on the absorbed dose to the mother’s uterus, as
estimated by the Dosimetry System 1986 (DS86),
the relative risk of cancer at 1 Gy is 3.77 with a 95%
confidence interval of 1.14-13.48. For the entire
>0.01 Gy dose group the average excess risk per
10 person-year-gray is 6.57 (0.07-14.49) and the
estimated attributable risk is 40.9% (2.9%-90.2%).
These results, when viewed in the perspective of
fetus doses, suggest that susceptibility to radiation-
induced cancers is higher in pre- than in postnatally
exposed survivors (at least those exposed as adulls).
However, definitive conclusions must await further
follow-up studies.
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INTRODUCTION

Much interest has centered on the relationship of
abdominal or pelvic exposure of pregnant women
to diagnostic radiation to the risk of cancer in
their children. Bithell and Stewart! have reviewed
the data from the Oxford Survey, showing an
increase in the carcinogenic effect of prenatal x-
irradiation with increasing dose within 15 years
of birth and variation in the risk associated with
other epidemiological factors. Recently, Harvey
et al,? using twins, have also suggested that x-
irradiation in the embryonic period increases the
risk of childhood cancer (especially at ages 10—
14). Among the A-bomb survivors of Hiroshima
and Nagasaki, although the radiation-induced cancer
risk is higher in those who were children at the
time of the bomb (ATB) than older individuals,® no
remarkable increase in cancer mortality in childhood
has been seen in children exposed in utero,~"
nor has an increase in the incidence of leukemia
in these individuals been observed.” This seeming
disparity between the effects of exposure to med-
ical irradiation and to that of the A-bombs has
occasioned a lively, sometimes acrimonious debate
(see UNSCEAR 1986 Report for a review of the
evidence).® Suffice it here to state that the issue
remains unresolved.

Earlier studies have mot, however, addressed the
question of whether the carcinogenic effect of
prenatal radiation exposure is limited to childhood.
None of the follow-up studies on radiation-induced
cancer among prenatally exposed children has been
longer than 15 years after birth except for those
individuals exposed in utero to the A-bombing of
Hiroshima and Nagasaki. There is no assurance,
therefore, that cancer due to A-bomb exposure while
in utero will not increase in adulthood merely be-
cause an increase in childhood cancer has not been
observed. Even if stillbirths and early postnatal
deaths due to A-bomb exposure modified the risk of
cancer in childhood, the incidence of adult cancers
may remain unaffected because of the different de-
velopmental mechanisms involved in the expression
of childhood and adulthood malignancies.

It is the purpose of this study, through an eight-
year extension of the observation period,® to review
not only cancer mortality but also the postchildhood
cancer-inducing effect of A-bomb exposure in the
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in utero exposed population, using cancer incidence
data confirmed by the tumor registries in Hiroshima
and Nagasaki.

MATERIALS AND METHODS

Subjects. The subjects of the present study were
drawn from the 2,802 individuals constituting the
RERF Mortality Study of Children Exposed In
Utero (excluding 18 subjects from the original
sample of 2,820 subjects determined, after the
construction of the study sample, to be ineligible
by the definition of the in utero exposed survivor).?
In utero exposed survivors are defined as those
individuals who were bom of A-bomb exposed
mothers in the period from the time of the bombing
(6 August 1945 in Hiroshima and 9 August 1945
in Nagasaki) to 31 May 1946, The date of birth
was obtained by interview with the individual or
his or her mother (92% of these dates are consistent
through year, month and day with the officially
recorded birth date). The trimesters of pregnancy
at which the subjects were exposed are based on
the day and month of birth as follows (days in
parentheses are for Nagasaki).
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Trimester  I: 7 (10) February 1946-31 May 1946

Trimester 1I: 7 (10) November 1945-6 (9) February 1946

Trimester I11I: 6 (9) August 19456 (9) November 1945

These survivors were identified from one or more
of three sources, namely, birth records, the RERF
Master File, and the 1960 A-bomb Survivors Survey
data. Most, albeit not all, were ascertained through
a secarch of the records on births occurring prior o
1 June 1946. The Master File contains information
on all A-bomb survivors registered with the RERF.
Of the 183 subjects employed in this analysis and
identified by the Master File, 60.1% were derived
from the supplementary schedules of the census
conducted prior to 1960, 28.4% [rom individual
investigations, and 11.5% by chance. The 1960
A-bomb Survivors Survey was based on a supple-
mentary survey of A-bomb survivors and in utero
exposed children conducted at the time of the 1960
National Census. Through this survey, all in utero
exposed children resident in the two prefectures of
Hiroshima and Nagasaki on 1 October 1960 were
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ascertained. The study subjects identified solely by
the 1960 A-bomb Survivors Survey contribule to
the follow-up study for the period after 1960 only,
since these individuals were necessarily alive on the
date of the Survey.

The individuals included in the present study are
confined to those members of the Mortality Study of
Children Exposed In Utero sample (2,802 subjects)
for whom estimates of A-bomb exposure doses
exist. Three persons whose exposure status is
unknown and 45 on whom no dose estimates exist
were excluded. Individuals not present in either city
ATB (NIC, 878 individuals) were also excluded.
From the 1,876 prenatally exposed survivors on
whom A-bomb dose estimates are available, the
following were excluded: those who did nol have
a koseki (family register) for reasons other than
stillbirth or neonatal death, foreign nationals (36
individuals), and five individuals (one cancer case)
born on the day of the bombing, and where it is
unclear whether they were actually bomn before or
after the evenl. Six persons whose follow-up was
incomplete were also excluded.

In the present study the subjects to be analyzed
were confined to those surviving on and after 1
October 1950; a) 37 identified solely through the
Master File who had died in the interval from the
time of the bombing to 30 September 1950 were
excluded. Also excluded was one case recorded in
the Master File who died after 1 October 1950 and
was only identified as an in utero exposed child at
death. b) 161 individuals identified through birth
records who died between the time of the bombing
and 30 September 1950 were excluded. The final
count of the in utero exposed subjects in this study
is 1,630 (Table 1), and those who could at least
be identified by a birth record accounted for 67.6%
(1,102), those ascertained through the Master File,
11.2% (183), and those recognized solely by the
1960 A-bomb Survivors Survey, 21.2% (345).

Confirmation of the cause of death and cancer.
Death was confirmed by examination of the koseki,
and the cause was transcribed from schedules based
on death certificates kept in the health cenlters
throughout Japan. Confirmation of death is 99%
complete.

s, 1B0FERBHBERELZ I OS2
3, 4%, AEBFOEFIECBRESATL I 7,

1960 LI O BT IOLH WS,

AMROMBRE T, KAEBELECHAS R
(2,802 A) th, J5Hk s FRERBERHEEML TS0
TWAFIREL &, #HBREITHTHS 3 A
B UHBERIGEEABS ATV VASETERIFL 2.
EREE W homicbng s o 2% (NIC, 818A)
bRgsbes s, ERHEBHEBHEREEHEOAT
TEAHRABERELIBAD 6 RDHFEHEHL A
FEfEDH A VWA EREC LI OBATHEO S -
EEEBROE (BA), WFIZHEBROBIZHE
Lzed, oldErERrBREoigoniaT
Holh TS S AL EREED). HIBHE
BMEOTEES 6 AL L.

FHEOMBHFTOMRFE L, 19508108 1 HLED
SfFECRELA; Tabb a) FUREELIEEI9S0F
9 H30F £ TOMMOIECE T, HEIHES (T TR
ENFATAERBRIL 2. FECERICREABER &6
THEsH, FELEIEGs L 21950F10A1H
Pligiz b L 1 mlsRkL 2. b) RS, S
MR &, BEES 5195049 A30H £ ORI
FEC- L =161 AL BRSML 2. RIFEIC B 1) B RGN i
HORBMEBEHILE0ATHY (F1), ZDI5
B b G ERETHERR L 2 F H67.6% (1,102),
JRIESCERTRERL L 228 £°11.29% (183), % L T 19604
FEREREERETOLMERL 2 E1221.2% (345) C
H 5.

R CEOWE. ACIFFEAE DL, FERE
HAZFE& B0 REHPRET 2RCBIRIIET
CHEE,SIERL TV A, FECOMREITNV% TSR
THD.



RERF TR 4-88

TABLE 1 NUMBER OF SUBJECTS, OCTOBER 1950-DECEMBER 1984
#1 WHEEH, 1950H£10H ~1984F12H

A. Mortality sample (total 1,630 subjects)

DS86 dose (uterus): 0 Gy

City: Hiroshima
Sex: Male

Data source: Birth records

710 (100)

765
1102

>0.01 Gy 920 (166)
Nagasaki 229
Female 865
Others 528

B. Dismibution by DS86 organ (uterus) dose groups and T65DR fetus dose groups

T6SDR DSB6 organ dose (uterus, Gy)
fetus dose
(Gy) 0 0.01-0.29 >0.30 Total
0 708 (100) 108 ( 0) 816 (100)
0.01-0.29 2( 0 568 (153) 70 ( 3) 640 (156)
>030 6( 2) 168 ( 8) 174 ( 10)
Total 710 (100) 682 (155) 238 (11) 1630 (266)

Dose groups of both D586 and T65DR are defined by total dose of neutron and

gamma doses

DS86 MILE & U TESDR R EEE & ¥ w4 L hEFOSHBRTE G L 2
() Number of subjects assigned temporal DS86 dose estimates for this paper
TOHEHTHEMCHELADSBS BREEHL 82 EH

Cases of cancer were ascertained through the death
schedules and the tumor registries in Hiroshima and
Nagasaki. The latter registries have collected data
on cancer cases in these cities since 1958 under the
sponsorship of the local medical associations and
with the technical assistance of RERF. Not all of
the methods of ascertainment used by the registries
are equally reliable. Histological confirmation by
tissue examination is definite, followed in reliability
by clinical findings, including findings of operations
and radiography, and the statement on the death
certificate. It should be further noted that it is
impossible to identify systematically cancer cases
among subjects who have migrated from the tumor
regisiry reporling areas.

Dosimetry. The A-bomb radiation dose estimates
used heretofore at RERF have been based on a
dosimetric system developed at the Oak Ridge
National Laboratory., Individual estimates of the
gamma ray and neutron doses, taking into account
the shielding status of the survivors, were compulted;
these estimates are often referred to as "tissue kerma
in air.”!%1! Fetal absorbed doses in this system are
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merely the estimates of maternal kerma (T65DR)
multiplied by transmission factors averaged over all
stages of fetal development and without regard to
orientation or posture at the time of exposure.!!
These transmission factors differed trivially from
those associated with the uterus (see Table 9 of
Reference 11).

Recently, as an outgrowth of a complete reassess-
ment of the A-bomb radiation dosimetry, a new
system has been installed. This system, known
as the Dosimetry System 1986 (DS86), differs
in many respects from its predecessor.!?~1% The
DS86 estimates, for example, within 1,600 m in
Hiroshima and 2,000 m in Nagasaki, when the
requisite detailed shielding information exists, are
computed directly for each individual through a
modeling of the circumstances attending his or her
exposure without the use of explicit, average trans-
mission factors and take into account orientation
and posture, where known. Thus, they allow better
for the effects of the latter and the scattering of
radiant energy that occurs within tissues. Beyond
1,600 m in Hiroshima or 2,000 m in Nagasaki,
where detailed shiclding histories do not exist for
the majority of survivors, organ-absorbed doses are
obtained indirectly. Free-in-air (FIA) kerma is
estimated at the survivor’s location by regression
methods, and the latter estimate is then adjusted
using average structural and body transmission
factors. Actual fetal absorbed doses, as such, are
not yet available, and may not be for some time.
We have, therefore, used the mother’'s computed
uterus-absorbed dose (doses above 6 Gy have been
truncated). Phantom studies!! have shown that the
correspondence between the uterus dose and that to
fetal tissues is high in the latter half of pregnancy,
bul may overestimate the energy absorbed by the
developing tissues in the first half when more fluid
surrounds the embryo or fetus.

Unfortunately, DS86 doses are not presently avail-
able on all subjects whose T65DR doses have been
estimated. Indeed, for 266 subjects (16.3%) in the
present sample such doses are not at hand. To
these individuals we have assigned a tentative DS86
uterus-absorbed dose computed in the following
manner. Women within the Life Span Study (LSS)
sample who were 12 years of age or older ATB and
on whom both a DS86 uterus-absorbed dose and a
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T65SDR dose exist were distributed by their T65DR
dose in (.10 Gy intervals. Within each of these
intervals, the mean DS86 uterus-absorbed dose was
calculated. We then distributed those subjects in
the in utero sample without a DS86 dose but on
whom a T65DR kerma dose of less than 6 Gy
exists in the same 0.10 Gy T65DR intervals, and to
the individuals within each such interval assigned
a uterus-absorbed dose corresponding to the mean
DS86 organ dose calculated as described above. If
the T65DR kerma dose was 6 Gy or over, since
there are reasons to believe these estimates are in
error, we assigned the mean DS86 uterus-absorbed
dose among those women in the LSS sample who
were 12 years of age or older ATB with T65DR
kerma doses of 6 Gy or over. For the cancer
cases, the maternal DS86 ulerus-absorbed dose and
T65DR fetus dose (neutron and gamma), based on
Kerr's factors, are shown in Table 3, but it should
be assumed that the errors are very large in the fetus
doses.

Statistical methods. The expected cancer cases
and total deaths from causes other than cancer were
computed based on the vilal statistics for all of
Japan (1947-84)'® and compared with the observed
cancer cases and noncancer deaths in the years
1950-84. Since the deaths in any five-year period
after 1950 are relatively few, we have used the
average mortalily ralc in successive S-year age-
groups to calculate the expectations. For example,
the average mortality rate at the 5-9 age-group in
1950-54 was used to compule the expected number
of deaths in the 5-9 age-group. To oblain the
number of cancer cases, the ratio 1.4 (for 1975-
79)1% of cancer cases to the number of cancer
deaths was used. The cancer cases were observed
mainly in the period 196081, and, despite the small
number, they probably suffice for calculating the
expected cancer cases. The two-tailed p-values for
the test of the null hypothesis, that is the ratio of
the observed and the expected numbers is one, were
calculated based on the Poisson distribution with the
mean of the expected values for cancer cases and
deaths from causes other than cancer.

In the present study, the opportunity to examine dif-
ferences in cancer risk with time is limited because
of the small number of cancer cases. However, the
cumulative cancer incidence rates calculated by life
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table methods, using an observation period divided
at intervals of one year, have been calculated for
three dose groups (0, 0.01-0.29, and >0.30 Gy),
and graphically represented (Figure 1).

AL -MEMBELE = >0HRIFE(0, 0.01~
0.29, £ LT =20.30Gy) t2wTH@izRLA
(X1).

FIGURE 1 CUMULATIVE HAZARD RATE USING LIFE TABLES AND ONE-YEAR INTERVALS
FOR THREE EXPOSURE DOSE GROUPS (DS86 UTERUS-ORGAN DOSE)
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Estimation of cancer risks is based on an additive
relative risk (RR) model in which the differences by
city i (Hiroshima, Nagasaki) and sex j (males, fe-
males) in the background cancer incidence rate were
stratified and the risks determined using a Poisson
model'” based on R;j, the person-years of obser-
vation in the period 1950-84 in four dose groups
(k = 0, 0.01-0.29, 0.30-0.59, and >0.60 Gy).
Under the Poisson model, it is postulated that Yj;y,
the number of cancer cases, follows the Poisson
distribution with mean E(Y;}.), where

E(Yijx) = Rijrgij

Here g;; is the background cancer incidence rate
for city i and sex j per person-years of observation
and X;; is the mean absorbed dose to the mother’s
uterus of dose group k in the stratum ij. Assuming
k =0 in the 0 Gy dose group, then the expected

FEHE ) A 2 (LA INGH A fEBREE (RR) £ 70 S HEE
IDETNTI, BEAREEROIMB R i
(IR - W), A j (B, k) DERLREE
L, Mo>@&is (k=0, 0.01~0.29, 0.30~0.59,

L5

=0.60 Gy)Bl®d Y A 7 |13 1950~BAEDIBEAFE T
b5 Ry 123D < Poisson €7 N & B W T ikE
L 7. Poisson ETNVTIE, MWLM Y £ Poisson
FAIZHEG E(Y;) 2T e T3,

(1 +bXj5r) .

I Tgy; REHQ, i OWREAFLL ) OBAK
RERTHY, X dij Bios 2 K REBFORHE
OPEFERISERTH L. 0 Gy BRBTCIE k=0
EFThE, COBOMEEREEME E(Y;,)=



cancer cases in this group would be E(Y;;p) =
R;jogi; and the RR in the dose group k as contrasted
with the 0 Gy dose group would be 1 + bX;;;. A
model using mean doses is appropriate for testing
a hypothesis which assumes that the cancer risk
increases with dose because, although the estimated
doses may be unreliable individually, the dose
group-specific mean is more stable.

RESULTS

Number of deaths. Because of the limitations
imposed by the data, they have been divided into
only two time periods,

RERF TR 4-88

Rijoij & 20, 0Gy BB IZHT 5 kR EO
MBIl +bX) L 25 TH5 5. A
HESRITEHE E w28 Lag vy, SR
TEDFHETIVEEL TV AOT, PEHEE
FAW 72 %8 700 (3 SRR A 0L o0 100 000 P - T 6 fis R L
HMMT 2w 3 EHEOREIHEDTH S,

w B
L. TFICLEARARMBLELG, I
2HAM It BE S L 1.

I 1 October 1950-30 September 1960 (age 4-15 years)

HIA.  19504£10F 1 B~19604£ 9 A30H (4 ~158)
1L 1 October 1960-31 December 1984 (age 14-39 years)
& 11 8. 1960810H 1 A ~19844F12H 31 H (14~ 39 )

The numbers of deaths by cause are shown in Table
2. In period I, the subjects were 4-135 years old and
decaths were few. The first cancer patient, however,
was identified in these years. For period II, when
the subjects were 14-39 years old, except for the
>0.3 Gy group, about 50% of the deaths were
due to accidents or suicide (44% is the expected
value based on the vital statistics during the same
observation period in all of Japan), and cases of
cancer deaths began to increase in all dose groups
as the survivors grew older.

Number of cancer cases. All identified cancer
cases are listed in Table 3. Thirteen (72.2%) of
the 18 cases were confirmed histologically and for
2 cases only the death certificate statements are
available. In the first 10 years after birth, only one
cancer death was identified, a case of liver cancer
in a girl aged 6. (No cancer cases were recorded
in the period August 1945-September 1950.) Her
mother, aged 31 ATB, had an estimated absorbed
dose to the uterus (DS86) of 1.39 Gy in Hiroshima
in trimester 1 (delivery on 5 March 1946). The
subject, the third child, weighed about 2,000 g at
birth, and was reported to have had a small head
and to be mentaily retarded.'® The next case to be
identified was one of Wilms' tumor in a girl aged 14
(August 1960). The mother, aged 21 ATB, had an
estimated uterus-absorbed dose (DS86) of 0.56 Gy
in Hiroshima in trimester II. The subject, the first
child, weighed about 3,300 g, a standard weight, at

FEEBIZECHEE2ICTELA, BIMTIE, #HHH
B4 ~15ETHEHELTFALAL 0. LALEW
OBET OB REE L. SEOIMTIEHR
HIF14~39ET, =0.30 Gy MM ABREFECHOH
S0%EHEEL CRABILLILOTHS (A42E
DA ERE A O A D BEFECH AN MR
4% ThH5). HIFHE oMM TV T AT ORRE
THREFECE A MM L #h e 7=,

FRIEIE.  WERE L L aeMiEM A E IR, 18/
13 (72.2% ) IRHEEECRER s, 25T
BT sBEAT S RERORYO
WERMTIE 6 LR ONFEOMIEL L HI A S h
OB TH A, (19465 8 H~19504 9 A @ ML,
WEEM OISR L HI L 2w, ) £ ORI BB 31K
T, R (SRS TR L, FeERlasRHEE
fii (DS86) & 1.39 Gy TH 5 (1946 5 A 5 0 k).
KAEBEZFT, BEGOREH 2,000 g, hEEiE &
MEEN L FRES T WS, " RIZHERR
ERAEFIEMED R T, Wilms M TH - 2~
(1960F 8 A ). % @ 413 9 0% 02 21 & T 0F 45 0 30
MizRE TR L, = kAR ALHEE I (DSB86) 12

0.6 Gy Th o, FAFE—FTdEaFkEIL
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TABLE 2 NUMBER OF DEATHS OBSERVED BY CAUSE AND OBSERVATION PERIOD

# 2 FERBIE URREEIGIM B O MBMEFEC

Obs. period Obs. period Total
C Oct. 1950-Sep. 1960 QOct. 1960-Dec. 1984 Oct. 1950-Dec. 1984
ause
of DS86 DS86 DS86 DS86 DSg6 DS86 DS86 DS86 DS36
death 0 Gy 0.01-0.29 Gy >0.30 Gy 0 Gy 001-0.29 Gy >030 Gy 0 Gy 0.01-0.29 Gy >03 Gy
<513> < 569> <203> <702> <677> <234> <710> < 682> <238>
Total deaths 8 5 4 16 17 12 24 22 16
All known causes 8 3 4 16 i 12 24 20 16
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
Diseases
Infective and 3 1 2 0 0 0 3 1 2
parasitic discase ( 37.5) ( 33.3) ( 50.0) ( 0.0) ( 0.0) { 0.0) ( 12.5) ( 5.0) ( 12.5)
Malignant neoplasms 0 0 1 2 5 2 2 5 3*
( 0.0) ( 0.0) ( 25.9) ( 12.5) ( 29.4) { 16.7) ( 83) ( 25.0) ( 18.8)
Respiratory system 0 0 0 0 1 0 0 1 0
( 0.0) ( 0.0) ( 0.0) ( 00 ( 59) ( 0.0) { 00) ( 5.0) ( 0.0)
Others except ill- 3 1 0 5 2 6 8 3 6
defined conditions ( 37.5) ( 33.3) ( 0.0) (313) (11.8) ( 50.0) { 33.3) ( 15.0) ( 37.5)
Ill-defined conditions 2 0 0 0 1 1 2 1 1
( 25.0) { 00 ( 0.0) ( 0.0) ( 59 ( 8.3) { 83) ( 5.0 ( 6.3)
Accidents or suicide 0 1 1 9 8 3 9 9 4
( 0.0) ( 33.3) ( 25.5) ( 56.3) ( 47.1) ( 25.0) ( 37.5) { 45.0) ( 25.0)
Cause unknown™* 0 2 0 0 0 0 0 2 0

<. >Number of subjects at risk % & &2 ( ) % of a cause group in all known causes £¥E[E-5% 5 2 OFEED %

*Including the stomach cancer death suspected to have been induced by radiotherapy for Wilms® tumor

Wilms B OB RER CHERS WAV OS SMBECHEED
**Completely unknown causes of death E[ T8

881 UL Jddd
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TABLE 3 ALL CANCER CASES
#3 WEFOY 2P

Dose (Gy) Birth date Onset Death
City Timing
ME No. and ATB Date Date
DS8  T6ESDR - Sex Site Ascertainment
uterus  fetus Y M D ¥ M Age Y M  Age
0.00 0.00 HF Il (34) 45 9 4 75 1 29 "8 3 32 breast histologically
0.00 0.00 HF @6y '45 11 02 '84 3 38 alive breast operation
0.00 0.00 HF 1(3) 46 4 12 79 2 32 alive breast histologically
0.00 0.00 HF Ia7) 45 12 31 80 10 34 alive uterus histologically
(0.00) 0.00 HF (8 46 3 6 - - - B0 10 34 uterus death certificate
0.01 0.00 HF 1T (36) 45 8§ 20 ‘80 7 34 '80 7 34 chonio histologically
0.01 0.00 HM @3 45 11 24 68 11 22 alive urinary radiography
0.01 0.00 HF I (32) ‘45 9 22 '81 3 35 alive stomach histologically
0.02 0.00 HF I (38) '45 3 8§ 63 7 18 63 11 18 leukemia™  histologically
Timing ATB: I = wrimester I, I = trimester II, 1II = trimester III, and ( ) is gestational age (Continued &5 ¢ )
MR 0 I=FWEFEN T, T={EHEM, M={EHEEEMm, ( ) 2N ER
-Unkown  *acute granulocytic **acule lymphoeytic
r At EE B > otk

TME No. 245977:

471020:
703517:

857242:

The primary cause and onset of disease is known from surgical data. The onset might be 7 September 1952. Mental
retardation and small head size also have been reported (refer to RERF TR 1-83).18

FEELBEFEMBFH -7 LD MM, RERPIZIG2EIRTHOIERELED. MEERL O HELRESh T3 (RERF
TR 1-83%H).»

The death certificate states that uterine cancer is the primary cause of death.

FECBE T I FEEMICEREcshTw s,

The cause of death is the recurrence of ovarian cancer.

FEIE 14 90 Hieis o0 75 58,

The death certificate indicates that this individual died of stomach cancer; however, it may have been induced
radiotherapeutically in the course of the treatment of the Wilms’ tumor.

FECHRI- L FEECREL TS, LA L Wilns BEOBEARTHHBRER L VREFEREs 20 b LAY,

88-F YL J44d
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TABLE 3 Continued $t &

Dose (Gy) Birth date Onset Death
City Timing

MF No. and ATB Date Date
DS8 T65DR  Sex Site Ascertainment
uterus  fetus Y M D Y M Age Y M Age
0.04 0.02 HM I(4) 46 4 1 76 3 29 '76 30  leukemia™* histologically
(0.08) 0.01 HF I(7) 46 3 11 - - - 67 21  colon death certificate
0.21) 0.25 N F I(3) 46 4 13 'M1 3 24 71 10 25  stomach operation
0.40 0.28 HF me2) *45 12 2 80 1 34 alive thyroid histologically
0.56 0.33 HF I(s) 46 1 17 '60 8 14  "81 12 35 Wilms’ histologically
0.58 0.44 HM 1II(36) 45 8 25 '80 8 35 alive hystiocytosis  histologically
0.90 0.75 HM mQarn ‘46 1 5 6 29 alive stomach histologically
1.39 0.61 HF I(8) '46 3 - - - '53 1 6 liver histologically
2.13 2.41 NF III(6) 45 8 23 68 5 22 '81 7 35 ovary histologically

287 WL JHHY



birth. This individual died at age 35 of stomach
cancer. No cancer was observed in the 0 Gy dose
group before 30 September 1960, that is, at a time
when they were still under about 15 years of age.

A further 16 cases of cancer were identified in
period II. The stomach cancer in the Wilms’ tumor
patient is not included in these 16 cases because
the cancer of which she died may have been an
effect of radiotherapy. She received irradiation
(probably 0Co) five times during 1960-62 although
the doses are unknown. In the following analysis,
this case will be treated as Wilms' tumor and not
as stomach cancer. A tolal of five cancer cases
in females aged 29-38 occurred in the 0 Gy dose
group (three cases of breast cancer, two of uterine
cancer). The first cancer case in the 0 Gy dose group
was a 29-year-old breast cancer patient. A total of
11 cases in subjects aged 18-35 occurred in the
>0.01 Gy groups (seven females and four males).
These include two cases of leukemia (a female aged
18 with acute myelogenous leukemia and a male
aged 29 with acute lymphatic leukemia), previously
reported by Ishimaru et al,” both of whom were
exposed to low doses of A-bomb radiation (DS86
uterus-absorbed dose of 0.02 Gy in trimester III and
0.04 Gy in trimester I, respectively) in Hiroshima.
In addition, there were two cases of stomach cancer
(both female), and one each of urinary cancer
(male), villous tumor (female), and colon cancer
(female) in the 0.01-0.29 Gy dose group. There was
one case each of thyroid cancer (female), malignant
histiocytosis (male), stomach cancer (male), and
ovarian cancer in the >0.30 Gy group.

Comparison with statistics for all of Japan.
Using the vital statistics for all of Japan for 1947-84
and a cancer incidence ratio of 1.4(1975-79),1%:16
the expected numbers of cancer cases and total
deaths from causes other than cancer were computed
and compared with the observed numbers (Ap-
pendix Tables 1 and 2). For cancer cases occurring
in subjects under 14 years of age, mortality statistics
were used since the tumor registries are incomplete
before 1958.

In the 0 Gy dose group, the observed results (5
cancer cases and 22 noncancer deaths at 4-39
years of age; October 1950-December 1984) differ
only slightly from the expected values based on

13
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#93,300 g, BT T H - 72, FWMOADBEET
FEL L 7. 19604E 9 A30HLLET, T4 bbatfE s
EESEREORMICE, 0Gy BRETIEEIT £/
WEmEsnihar.

WIMTIE, FICI6M 08 EM 2R L~ Wilms
A A OPER T & 5 F 8B SRR O RE T
HofehrbLhZwOT, ZOIBMOFIZRZZOBEN
FEEOLTVEWV. ZOBEIFIN0~62F (2, HR
EAMTHZAS5 0O AR (RS { "Co) &
Tk, UBROBRIFCZ 0ERIEEETE L <
Wilms B & LTI, 0 Gy St B ¢1229~38 0
TR S O ER AT & - A2 (3 IR, 2
FFEE). 0 Gy BRETCORWOMIEN T20E O
IMBETHE . =0.01 Gy HBEBEITIE, 18~35
EOMNBETHNHADERMASS 2 (KET A, B
fEAAN). ZORIZERALT Itk TLIETHE S h
7= F1IMA 2 5 (185 O S0 B 8% B 005 0 aofk & 296
DR yAREALKOBE) FEEhTEY,
i &b R TR ARG o BUR B R (& %, DS86
T EWGEI TR 12 0.02 Gy & IEIEREIE Lo
0.0OAGy)IcEB LA, o2tz T0.01 ~
0.29 Gy St B T3, W 2 M (H L b &) &
R SR (B, ME B (k). i
(&) H#EIMF &Lk, =0.30 Gy BT
(3R IR (i), ErEMERsRE (), T
(B#%), ZLTIHEEFE1HFo2sN:.

BA2EOHKE cOHEE. 197-84F0H 4%
El oo A8 FEL & it & W54 bhE 1.4 (1975~79
F)SREHAY, MEEHEBLAOITER Iz £ 3
FECHBEII>WTMEMEERL, BB R
La(ffgd1 U 2). 4L TOMERIZHLT
&, 1G8ELHMOMEBERITRETH LI LD,
FECHF AWV,

0Gy MRBOBERR (4 398 TH 56, IEH
FELC 22101 ; 195010 H ~19845:12H ) i, B4 %[H
A b O BRTEGE (U FRE S8 8 3.76, MARFIRMFELC $E
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all of Japan (3.76 expected cancer cases and 21.25
expected noncancer deaths; p-values are 0.357 and
0.761, respectively). This supports our belief that
with regard to deaths, at least, the follow-up study
of the in utero exposed children is complete and
unbiased. Compared with the expected 3.64 cancers
and 21.79 noncancer deaths at 4-39 years of age, 7
cancer cases and 17 noncancer deaths were observed
in the 0.01-0.29 Gy group (p-values are 0.065 and
0.360, respectively). The 3 cancer cases at 4—39
years of age observed in the 0.30-0.59 Gy and the 3
in the >0.60 Gy group are significantly larger than
the expected 0.68 and 0.54 cancer cases in these
groups (p-values are 0.010 and 0.0085, respectively).
There is little difference, however, between the 3
observed noncancer deaths and the 4.28 expected in
the 0.30-0.59 Gy group (p-value is 0.762).

The 10 deaths from noncancer causes among those
aged 4-39 in the >0.60 Gy group are significantly
larger than the expected 3.42 (p = 0.002). Non-
cancer diseases accounted for 80.0% of the deaths
in this dose group in these years (8/10, one each of
meningitis, pulmonary tuberculosis, acute myelitis,
nephrosis, heart failure, diabetes, acute myocardial
infarction, and cerebral spastic infantile paralysis),
and deaths from accidents or suicide accounted
for 20.0% (2/10). Of the 22 deaths from causes
other than cancer in subjects aged 4-39 in the
0 Gy dose group, 59.1% (13/22, four cases from
nephritis or nephrosis, two cases each from diarrheal
disease and epilepsy, and one each from meningitis,
moniliasis, and heart failure, and two ill-defined
causes) were from noncancer deaths and 40.9%
(9/22) due to accidents or suicide. As observed,
even with the exclusion of cancer, the proportion of
disease-related deaths among all deaths of subjects
aged 4-39 is greater in the >0.60 Gy than in the
0 Gy dose group.

Estimation of risk of cancer. Cumulative hazard
rates for the three dose groups (0, 0.01-0.29,
>0.30 Gy) were calculated using life table methods
and one-year intervals as shown in Figure 1. The
cumulative hazard rates, 40 years after the A-
bombing, are 0.0073 in the 0 Gy dose group, 0.0105
in the 0.01-0.29 Gy group, and 0.0283 in the
>0.30 Gy group. As will be noted, the rates in the
low dose group and the 0 Gy group are about the
same, although cancers were detected earlier in the
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21.25; pfEiz& 4 0.357, 0.761) & kZignv, =
i, P2 L IBL TSR BERE OB
AERRETH), AP0l wIiRenEz 4
BIU240THE. 0.01—0.29 Gy BTIX, 4~
39EE O M G R #1364 % IR AR 21, 79 12
AL, MEBEHT, FMECHITAFEE L (pi
2% £ 0.065£0.360). 0.30—0.59 Gy BT 4 ~
39 DMIELE T, =0.60 Gy BTIIHREL 3 »
MEsh, MBELE4LOMBFMHO.68R F0.544 1
LHEBEILES60L (pilEE40.01020.005).
Lal, 0.30—0.59 Gy B iia. 281248 L, @iz
SNARBRACHE I TAZE LG pl10.762).

4 ~30uE O I TEC #1003 1A TF
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RPERELCRERCLAHCTHE 2. UErs
FaALEI, BEaBeTL 4~30E0LIEEHD
FIEOEIEIE, 0 Gy MRBEL VL =0.60 Gy HO K
AEG,
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BEUXIOHEE. H1IGRT LI CZo08RE
(0, 0.01—0.29, 20.30 Gy ) ORFIEEHE % 1 E£/H
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EGATE S O Gy AR TE L TIAIHE THA L 0 R M
WRELLY, tORMBERIEBERLTLL T &



former group. However, cancers not only occurred
earlier in the >0.30 Gy group than in the 0 Gy dose
group, but the incidence continues 1o increase and
the cumulative rate is 3.9-fold greater in the former

group.

In the 0 Gy dose group, there were five cancer
cases, and a crude incidence rate of 23.0 per 10°
person-years (5/21770; see Table 4). In the 0.01-
0.29 Gy dose group, there were seven cancer cases,
and the crude incidence rate is 32.3 per 10° person-
years (7/21659). The seeming concentration of
cancer cases in the 0.01-0.08 Gy interval in the
0.01-0.29 Gy group may be due to chance. The
>0.30 Gy group was divided into a 0.30-0.59 Gy
and >0.60 Gy groups. In the 0.30-0.59 Gy
group, there were three cancer cases, and the crude

RERF TR 4-88

BHrs., Ll 0.30 Gy BETIZO0 Gy BRI LD
WMARHICEET 32T <, REEFHME
B, BUMABERTIOGYAMBOINEIIE T

(LR

0Gy RETCIMEMS SHLD, 10HAFEYALD
DHMBEERIL23.0TH - = (5/21770, F42H).
0.01—0.29 Gy T TIRHIER A7, HIEETIZI107G A
FLYAD32.3TH A (7/21659). 0.01—0.29 Gy Bt
D0.01—0.08 Gy M2 iEF PP LT w200k,
WETHE LB 3, 20.30 Gy B #0.30—
059Gy B & =0.60Gy B &2 2. 0.30—
0.59 Gy HECITREEER A3, MEEHEL10HAFL -

TABLE 4 CANCER INCIDENCE, LEVEL OF PRENATAL EXPOSURE TO A-BOMB
RADIATION, AND ESTIMATES OF RELATIVE RISK (RR) BY AN
ADDITIVE MODEL ADJUSTING FOR CITY AND SEX. 1950-84

&4 HREE, REHBER, ROWH, METELARMMEFLIzL 2
fAxdfEfa g (RR) O#EE i, 1950 — 844
DS86 uterus organ dose (Gy)
0 0.01-0.29 0.30-0.59 >0.60

Observed

Mecan D586 uterus dose (Gy) 0.000 0.087 0.416 1.372

Mean T65DR fetus dose (Gy) 0.000 0.054 0.324 1.051

No. at risk 710 682 129 109

Person-years 21770 21659 4095 3287

Cancer cases 5 7 3 3

Crude rate (X107°) 23.0 32.3 723 913
Estimated

Back ground cases 558 5.38 0.96 0.76

Excess cases - 1.31 1.13 2.88

RR 1.00 1.24 2.18 4.78

95% CI RR - (1.01,210) (1.06,6.32) (1.19, 17.93)

Pearson X2 for goodness of fit: x*=3.96 (df = 11, p=0.971)
Test for Hg: allRRs =1 (b=0) x*=4.71 (df =1, p = 0.030)

Reler to the Statistical methods section for the model equation. The estimated coefficient
b (SE) is 2.767 (2.225) for the mean DS86 uterus organ dose (Gy) by each strata.

EFLRHAN RO WS,
b (SE)12.767(2.225).

&R DS8E FEBARMIR (Gy) 0 PRI+ 5 HEEHN
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incidence rate is 72.3 (3/4095). Similarly, in the
>0.60 Gy group, there were three cancer cases with
a crude incidence rate of 91.3 per 10° person-years
(3/3287). The mean DS86 uterus-absorbed doses
are 0.087, 0.416, and 1.372 Gy in the 0.01-0.29,
0.30-0.59, and >0.60 Gy groups, respectively.

The risks of childhood and adult cancers combined,
using a Poisson additive RR model based on person-
years of observation from 1 October 1950 to 31
December 1984, are shown in Table 4. The fit of
this model, as judged by Pearson’s Xis good (x* =
3.96, df = 11, p = 0.971), and the null hypothesis,
Hg: b = 0, that is, all RRs = 1, can be rejected
statistically (x* = 4.71, df = 1, p = 0.030). These
resulls indicate statistically that the risk of childhood
cancer and adull cancer combined increases with
increasing dose. This finding, however, may have
been influenced in part by the fact that the two cases
of cancer in the 0-14 age range occurred in the
>0.30 Gy group. The excess cases (4.01 = 1.13
+ 2.88) in the >0.30 Gy group shown in Table 4
is greater than the two cases observed in the same
group in the age range 0-14 years. An analysis
similar to that in Table 4, limited to the risk of adult
cancers in subjects 15 years of age or over and based
on person-years of observation of subjects aged 15—
39 has been made. Though, at face value, the risk
of cancer tends to increase with increasing dose, the
linear increasing trend with dose is not statistically
significant (p = 0.164).

Summary measures of the cancer incidence risk
and their 95% confidence intervals among the in
utero exposed children, based on an additive RR
model and using the DS86 uterus-absorbed doses,
are shown in Table 5. Over the period 1950-
84, the estimated RR (95% confidence interval)
of cancer at 1 Gy organ (uterus)-absorbed dose is
3.77 (1.14-13.48), the estimated average excess risk
per 10" person-year-gray (PYGy) among survivors
receiving 0.01 Gy or more is 6.57 (0.47-14.49),
and the estimated attributable risk is 40.9% (2.9%—
90.2%). An analysis limited to the risk of adult
cancers for those aged 15-39 gives estimates of the
cancer RR at 1 Gy of 2.44 (0.71-9.49), of average
excess risk of cancer per 10 PYGy of 4.80 (-1.26—
14.98), and an attributable risk of 26.0% (—6.8%—
81.2%).
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N72.3T& 5 (3/4095). FIHRIZ =0.60 Gy BT 1
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FERL gt o ik, 0.01—0.29, 0.30—0.59,
=0.60 Gy 8##T#% 4, 0.087, 0.416, 1.372Gy T
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BRIFCHD (¥2=3.96, di=11, p=0.971), /&
fR& Hy :b=0, %&b 5 &G E=1, 3 &t
MizEIpE NS (X2 =4.71, df=1, p=0.030). ch
5 DFEHRIE, SROMINCECDNRIBO® &k AR
O e e b BERESML TwEZ & 2B
e L Twva, LaLl, =030 Gy B0 0~ 14
EMPERE CREL 2 2BIOMIER I LD Z ORI
OB EZH b LTV, #4108 T =0.230 Gy
HoifEEEH(4.00 =1.134 2.88) 12, [WEOD
0 ~14AEFEME R CsE sl 2k 0 ks, 164
LI EO N 3EE ) 22 10RE L, 15~39&0
MEBEAFCE S XL LABROBINEIT- 2. R
HMEeEE ) 22 BRI 2 EmA s 5 &34
RAGH, ZOHTRME G LR ICHETE
Zwy (p=0.164).

DSB6 T E IR AR IR & fHAp A fe g T d 5,
e BBEIc s AWML ) A7 OBIRIIRE S
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TABLE 5 SUMMARY MEASURES OF CANCER INCIDENCE (1950-84) IN
RELATION TO PRENATAL EXPOSURE TO A-BOMB RADIATION BY AN ADDITIVE MODEL
BASED ON MOTHER'S ESTIMATED DS86 UTERUS ORGAN DOSE

#5 HHO DS8s #HETEMEFHRMAHOAEMBE TV L5, BRsBsR -
ML (1950 —849F ) TP+ 2 RE 45 M35
Estimated Average Attributable
RR excess risk risk
(at 1 Gy) (per 10* PYGy') (%)
Follow-up 1950-84 all ages™
Estimated values 347 6.57 40.9
95% lower 1.14 0.47 2.9
95% upper 13.48 14.49 90.2
Follow-up over age range 15-39 years™**
Estimated values 2.44 4.80 26.0
95% lower 0.71 -1.26 -6.8
95% upper 9.49 14.98 81.2

Jrpersrm—ycm*—gray N iE-gray

*Significant, p = 0.030 in the test for Hp: all relative risks = 1 (b = 0)
HHE, Hy: BHMEEE=1(b=0)O#HMET p=0.030
**Not significant, p =0.164 in the test for Hy: all relative risks = 1 (b = 0)

HET LY, Hy:

DISCUSSION

No invesligation, hcretofore, has examined the
relationship of radiation exposure in the embryonic
or fetal period to risk of adult cancer in a human
population.  This study, which includes cancer
incidence up to 40 years following exposure, sug-
gests an increase of cancer in individuals who were
prenatally exposed. The observation of two cases
of childhood cancer in children aged 0~14 in only
the >0.30 Gy dose group may have influenced, to
some degree, these results. At present, although the
risk of adult cancers in subjects 15 years of age or
older, excluding the two cases of childhood cancer,
shows a tendency to increase with increasing A-
bomb radiation dose, the increase is not statistically
significant.

The cumulative cancer incidence rate with child-
hood and adull cancers combined, 40 years after A-
bomb exposure, is 0.0283 in the >0.30 Gy group
as against 0.0073 in the 0 Gy group and 0.0105 in
the 0.01-0.29 Gy group. Although cancers tended
to occur earlier in the 0.01-0.29 Gy group than in
the 0 Gy dose group, the crude cumulative cancer
incidence rates differ little. As seen in Table 5, dur-
ing the observation period 195084, the estimated
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RR of cancer at 1 Gy is 3.77 (1.14-13.48). Among
the >0.01 Gy dose groups the estimated average
excess risk per 10* PYGy is 6.57 (0.47-14.49), and
the estimated attributable risk to A-bomb radiation
is 40.9% (2.9%-90.2%). These summary indexes
are 30%-40% lower if the calculation is limited
to the risk of adult cancer in the subjects 15-39
years of age. In the future, as the observation
period becomes longer, the average excess risk will
increase and the RR and the attributable risk will
decrease as the incidence of spontaneous cancer
increases.

To determine whether thesc risks are higher than
those of posinaltaily exposed children, the risk of all
cancers among A-bomb survivors aged 0-9 ATB
has been compared with those of children in utero
ATB in Table 6. For A-bomb survivors aged 0-9
ATB, the data were derived from Part 2 of Report
11 of the RERF LSS.' It should be noted that the
period of observation differs between the A-bomb
survivors aged 0-9 ATB and the in utero exposed,
and one risk estimate is based on cancer mortality
while the other is based on cancer incidence.
However, nearly identical average excess risks are
seen; these are based on the uterus-absorbed dose
of the mothers of the in utero exposed children,
in the one instance, and the kerma dose received
by the A-bomb survivors aged 0-9 ATB, in the
other. It is well known that the RR of cancer is
higher the younger the age ATB. Comparison of in
utero exposed children with exposed adults shows
the cancer risk (including adult cancers) to be higher
in fetuses than in adults. This raises the possibility
that radiation-induced cancers will increase as the
in utero exposed children become older. Since the
incidence of adult cancers originally is higher than
the incidence of childhood cancer, the fulure may
show more clearly an increase in cancer incidence
due to radiation exposure. At present, il remains
to be resolved why the risk of leukemia in the
prenatally exposed survivors is not commensurate
with that seen in the A-bomb survivors aged 0-9
ATB.

In the analysis thus far described, the cancer in-
cidence rate is based on cancers occurring afier
1 October 1950. The reasons for this limitation
are: a) because of the confusion in the official
vital statistics system immediately after the war,
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TABLE 6 COMPARISON OF CANCER RISK BETWEEN “IN UTERO EXPOSED”
AND “EXPOSED AT 0-9 AGE ATB”

#6

“REPIBRIR” & BB O ~ QR OWME" LORM Y 2 7 ¢t

In utero

(1950-84)
D586 uterus dose

0-9 Age ATB
(1950-85)
DS86 tissue kerma

No. of cancer

RR at 1 Gy all cancer

Average excess  all cancer

risk /10* PYGy

18 (2) 142 (31)
3.77 leukemia 17.25
other cancer 223

6.57 leukemia 293
other cancer 2.27

( ) Number of lenkemia cases © 1l #3 & i {7 2

the death certificates for some deaths within one
year after birth, 1945-46, were not available and
the cause of those deaths are unknown, b) it should
reduce the possibility of bias in ascertaining subjects
through the Master File where they may have been
identified as in utero exposed shortly after their
death notice prior to October 1950, and c) it makes
more exact comparison of the magnitude of the risk
in the in utero exposed with the risk among A-bomb
survivors of 0-9 years of age ATB since the risk in
the latter group is based on cases of cancer death
occurring after 1 October 1950.

As previously stated, 161 and 37 deaths occurring
before 1 October 1950 among the subjects identified
through the birth records and Master File, respec-

tively, were excluded from the present analysis.
None of these 198 deaths was attributed to cancer.

However, since the risk of cancer from birth to
the present is of interest, and the restriction of
the observation period lo cancers occurring after
1 October 1950 provides information only on the
risk after approximately 4 years of age, the risk
was estimated for the entire period from birth to
December 1984 based on the subjects identified
through birth records. Individuals so ascertained
represent 67.6% (1102/1630) in Table 1 and 161
individuals were died from birth to 30 September
1950. An increasing trend in cancer incidence with
dose similar to that shown in Table 4 is observed
among these 1,263 (1,102 + 161) subjects, though
the increasing trend is not statistically significant
because of the smaller sample size (Appendix 3).
The estimated RR at 1 Gy within this group is 3.19
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(0.74-16.03), the average excess risk per 104 PYGy
is 4.67 (-0.77-12.78), and the atiributable risk is
30.3 (-5.5-91.2). These values are somewhat lower
than those shown in Table 5 (1950-84).

Fatal cancers within this study group can be as-
certained almost completely because a copy of the
death certificate is available. If the cancer subjects
are still living, we must depend on the tumor reg-
istry, but since the latter registries were not begun
until 1958, ascertainment of incident cases of cancer
occurring before 1960 is incomplete. If cancer
cases occurred after 1960, since the subjects may
have migrated from the tumor registry reporling
areas, cancer deaths can be identified, but living
cancer cases cannot. Although the migration rates
in the Adult Health Study do not differ by radiation
category, migration is higher in the younger than
in the older age-groups and higher in Nagasaki
than in Hiroshima,?® and a correspondingly high
migration rate in the in utero exposed survivors
from the tumor registry reporting areas is to be
expected. Our evaluation assumes that migration of
the in utero exposed children is independent of their
radiation dose levels. The validity of this assump-
tion is testable, at least crudely. The proportions
of prefectures other than Hiroshima and Nagasaki
among the last addresses available for our subjects
provides information on this issue. Based on these
addresses, the migration rate in the 0 Gy group
is around 15% and may have increased with the
level of exposure, reaching 20% in the 0.30 Gy or
more (Appendix 4). As a consequence, the absolute
risk of cancer incidence may be underestimated by
around 15%-20%, and the risks actually higher than
we compute. Subjects whose mothers were not
in either Hiroshima or Nagasaki city ATB (NIC)
were selected in the original sample® as a potential
comparison group. Their last addresses also indicate
that the migration rate in the NIC is especially high
(33.3%) when compared to other groups. In the
0 Gy dose group (710 subjects alive in October
1950), there were two cancer deaths and one in the
NIC group (795 subjects alive in October 1950); in
addition, three cancer cases have been reported to
the tumor registry for the 0 Gy dose group but none
for the NIC group. Thus the total observed cancer
cases are five for the 0 Gy dose group (this number
is close to the expected number, 3.76, derived from
the statistics for all of Japan) and one for the NIC
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group. Since the high migration from the tumor
registry reporting areas among the NIC group could
have influenced the results, the NIC group were
excluded from our analysis.

As listed in Table 3, the 16 cancer cases, excepling
the two childhood ones, consist of adult cancers,
such as breast (3), stomach (3), leukemia and related
diseases (3), uterus (2), colon, thyroid, ovary,
urinary bladder, and villous tumors. Thus, no
increase has as yect been observed in any particular
site of cancer. Neither of the two cases of childhood
cancer (liver cancer and Wilms' tumor), observed
only in the >0.30 Gy group of in utero exposed
children of Hiroshima and Nagasaki A-bombs, can
be unequivocally assigned to radiation. In the liver
cancer case, however, mental retardation and small
head size,!® both of which are increased in the in
utero exposed children, was reported.

The number of children under 15 years of age
identified by birth records in whom the risk of
cancer could be followed completely from birth is
1,263 and the mean DS86 organ (uterus) absorbed
dose is 0.184 Gy. For this cohort, as described
in a previous paper, only one case of childhood
cancers developed under 10 years of age, and the
maximum, 95% upper limit of the estimated excess
risk is far less than that estimated from the Oxford
Survey.! Since one other individual, exposed to
0.56 Gy, developed cancer at age 14 in the same
cohort, the risk estimates for childhood cancer under
15 years of age was calculated anew. The upper
limit of the 95% confidence interval in a two-sided
test based on a Poisson distribution of expected
values for the two observed cases of cancer is
7.22, and the number of cancer cases that would be
expected from the statistics for all Japan is at most
0.73 (0.52, the expected cancer deaths in the entire
birth record sample multiplied by 1.4, an adjustment
for mortality to incidence rate,!® data not shown).
Hence, a rough estimation of the increased risk of
childhood cancer in children aged 0-14 gives a
maximum of 279 ([7.22 - 0.73)/[1,263 x 0.184]
% 10%) as the number at risk per 10 population-
gray. The results observed in children exposed
in utero to A-bomb radiation are not strikingly at
variance in terms of the magnitude of the risk with
the results (an estimated risk of 572 + 133 per 10%
population-fetal-gray) observed among the children
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under 10 years of age in the Oxford Survey! of
children exposed in utero to medical radiation.

Kneale and Stewart?! have attributed the seeming
disparity between the Oxford Survey and the A-
bomb experience to children whose reticuloendothe-
lial system was damaged through exposure and who
died at a young age of infectious diseases due to a
decrease or loss of their immunologic competence.
Undoubtedly, mortality of children who were less
than 1 year of age was high in the high dose
group (around 10 excess deaths were estimated
in the >0.60 Gy group), though an excess in
mortality was observed only for children who were
exposed in the third trimester where mechanical
injury may also have played a role in their deaths.
Regrettably, nothing definite is known in this regard
because deaths in this age-group often have no
apparent cause. There is no evidence, however,
that infectious diseases were increased and resulted
in an increased death of children under 1 year of
age. Because there is a tendency in Japan to report
early nconatal deaths as stillbirths,”® the number
of excess deaths of children under 1 year of age
may have been greater. Furthermore, since our data
are based almost entirely on birth records, it is not
clear whether stillbirths were increased in prenatally
exposed children as a result of A-bomb exposure,
Yamazaki et al?® have reported that fetal mortality
was 10.2% (10/98) if the mother was within 2,000
m of the hypocenter in Nagasaki compared to a fetal
mortality of 2.7% (3/113) if she was within 4,000~
5,000 m of the hypocenter.

Since the number of cancer cases in the present
analysis is small, we have failed to identify statisti-
cally significant differences in the risk of radiation-
related cancer associated with exposure in different
gestational periods. The results of other human
population studies have been inconsistent in this
regard.! 2425 Further careful follow-up of this co-
hort will be required if this issue is to be resolved.
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APPENDIX TABLE 1 AVERAGE ANNUAL MORTALITY RATE (x10~°)
FOR ALL DEATHS AND FOR ALL DEATHS FROM
MALIGNANT DISEASES BASED ON ALL JAPAN, 1947-84
fH4iE1 BERE£EIC LI 2FC & BEREMIECO
THEMFECE (10 4F), 1947844

All malignant

Age All deaths neoplasms Calendar year
at basis for

risk  Male Female Male Female calculation

0 8759.2 7663.0 5.3% 3.0% 1947

14 17444 1697.4 3.4 2.1* 1947
5-9 182.1 160.4 32 22 1950-54
10-14 68.8 54.3 4.2 33 1955-59
15-19 1129 622 6.8 54 1960-64
20-24  140.1 741 8.6 1.7 1965-69
25-29 1292 75.0 123 135 1970-74
30-34 118.2 712 186 230 1975-79
35-39 148.6 853  30. 349 1980-84

*The numbers of cancer deaths at age 0—4 in 1947 of 1984
volume and the proportion of cancer deaths at age 0 in 1947
of 1947 volume were used. The statistics of cancer deaths at
age 0—4 in 1947 of 1984 volume are different from those of
1947 volume.

19474 0 ~ 4 i O M FE (B L1984 IR, 19T 0 EOMITE O Wl
IMTIERE A 6 O HF A B v . 14T 0 ~ 4 RE O FECHA L
BAMM LATHEM & TR T 5,
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APPENDIX TABLE 2 OBSERVED NUMBERS OF CANCER CASES AND CANCER DEATHS
AND OF ALL DEATHS EXCLUDING CANCER AND THE CORRESPONDING
EXPECTED NUMBERS DERIVED FROM DATA FOR ALL JAPAN

8% 2 WREEM (R UML) OMBH BN O 2BEIECH, RUBA2EO
FT—9h b RE s DY

Aung. 1945-Sept. 1950 Oct. 1950-Dec. 1984
Age at risk Age at risk Age at risk Age at risk
H380 uteecy 0 14 4-14 15-39
dose group
in Gy Cancer  All deaths Cancer  All deaths Cancer  All deaths  Cancer All deaths
cases except cases except cases except cases except
cancer cancer cancer cancer
0 Obs. O(C 0) 34 0( 0) 22 0(C O 8 St 2 14
Exp. 7 (0.02) 39.8 7 (0.05) 294 ? (0.16) 75 3.6 (2.6) 13.7
O/E - 0.85 - 0.95 - 1.06 1.39 1.02
P - 0.404 - 0.892 - 0.690 0.311 0.796
0.01-0.29 Obs. 0O( 0) 43 0( O 20 0(C O 5 il 15) 12
Exp. 7 (0.02) 41.7 7 (0.05) 312 7 (0.18) 83 3525 135
O/E - 1.03 - 0.64 - 0.60 2.02 0.89
P - 0.766 - 0.043 - 0.329 0.050 0.822
0.30-0.59 Obs. 0( 0) 9 0( 0) 6 1( 1) 2 2( 0 1
Exp. 7 (0.00) 8.8 7 (0.01) 63 7 (0.03) 1.6 0.6 (0.5) 2.6
O/E - 1.03 - 0.95 - 1.21 3.11 0.38
p - 0.761 - 0.890 - 0.458 0.055 0.522
>060 Obs. 0( O 18 0(C O 3 1¢ 1) 3 2( 1 7
Exp. 7 (0.00) 6.9 7 (0.01) 51 7 (0.03) 1.3 05(04) 2.1
O/E - 2.60 - 0.59 - 2.30 3.88 332
P - 0.000 0.510 0.088 0.031 0.003

Aug. 1945-Sept. 1950 (age 0—4 at risk); birth record sample only
10456 8 F ~ 19505 9 H( 0 ~ 4o ); HENBOS
Oct. 1950-Duec. 1984 (age 4-39 at risk); the subjects to be analyzed in the paper
195087 101] — 198437 121 ( 4 ~ 208 | ; O RK T THRIT = N s RE
( ) cancer deaths #5EC #
p two-tailed p-value for the test Ij: O/E = 1 based on the poisson distribution with the mean of the
expected value.
Hy #5: O/E= 1@ 6 OWIEED p ¥, WEEW & TEH &+ 5 Poisson TS (.
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APPENDIX TABLE 3 CANCER INCIDENCE (birth-1984), LEVEL OF PRENATAL EXPOSURE TO
A-BOMB RADIATION, AND ESTIMATE OF RELATIVE RISK (RR) BY AN ADDITIVE MODEL
ADJUSTING FOR CITY AND SEX : Birth record sample only

fHeEE 3 WREE (MAERF~1984F), fRERRE, RU#HH, HATELL
BRI E 72V 12 & B AR fE PR EE (RR) O E i :
HAERGHEAD S

DS&6 uterus organ dose (Gy)

0 0.01-029 030-0.59 >0.60

Observed
Mean DS86 uterus dose (Gy)  0.000 0.085 0.403 1426
Mean T65DR fetus dose (Gy)  0.000 0.056 0.309 1.095
No. at risk 510 542 11z 99
Person-years 17202 18380 3690 2891
Cancer cases 3 6 2 2
Crude rate (X107 ) 17.4 32.6 54.2 69.2
Estimated
RR 1.00 1.19 1.91 3.98

Pearson x2 for goodness of fit: x2 =6.59 (df = 11, p = 0.831)
Test for Hy: all RRs = 1 (b=0) x> =249 (df = 1, p=0.115)

Summary measures:

Estimated Average Attributable
RR excess risk nisk
(at1Gy) (per 10* PYGyT) (%)
Follow-up: birth-1984
Estimated values 3.19 4.67 303
95% lower 0.74 -0.77 -55
95% upper 16.03 12.78 91.2

Refer to the Statstical methods section for the model equation.
EFIBHHNAEOTEBM,

The estimated coefficient b(SE) is 2.19(2.223) for the mean DS86 uterus
organ dose (Gy) by cach strata.

AW @ DSB8 T EWSMIE (Gy) o P - 5 HEFEbL(SENL
2.19(2.223).
Jfpcrson-:,n:zu‘—gr:w

N - gray
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APPENDIX TABLE 4 LAST ADDRESS* AVAILABLE OF SUBJECTS WHO WERE ALIVE IN OCTOBER 1950
fT8i# 4 1950F10AEFEH IOV T DM %5 O E*

Prefecture in Japan

Hiroshima Other Foreign™ Unknown
or prefectures country
DS86 Total Nagasaki
uterus dose
group Subjects C  Subjects C  Subjects C Subjects C  Subject C
0 Gy Total 710(100.0) 5 604(85.1) 4 104(14.6) 1 2003) 0 0000 O
Male 316(100.0) 0 266(84.2) O 49(15.5) 0 103) 0 000 O
Female 394(100.0) 5 338(85.8) 4 55(14.0) 1#1 103) 0 000 ©0
0.01-0.29  Total 682(100.0y 7 560(82.1) 5 119(174) 2 3004) 0 000 0O
Male 323(100.0) 2 268(83.0) 2 55(17.0y 0 0000) 0 000 0
Female 359(100.0) 5 292(81.3) 3 64(17.8) 2#2  3(08) 0 000 0
>0.30 Total 238(100.0) 6 189(794) 5 47(19.7) 1 208 0 000 0
Male 126(100.0) 2 107(84.9) 2 19(15.1) 0 0(0.0) 0 000 O
Female 112(100.0) 4  82(73.2) 3  28(25.0) 1#3 2(1.8) 0 000 0
NIC Total 795(100.0) 1 516(65.0) 1 265(333) O 13(1.6) 0 1wy o0
Male 398(100.0) 1 251(63.3) 1 137(344) O 9(2.3) 0 103 0
Female 397(100.0) 0 265(66.8) 0 128(322) 0 4100 0 00Oy O

( )% C Cancer cases 1 NIC Not in city ATB ##®usiia T # R

*The dates of last address available are different among individuals and are up to December 1986.
OS2 HHOEMOHEFENRE L TREVIBE1RZAETTTH S,
**The death in a foreign country can be confirmed if they have Japanese nationality.
HETOHRCEEZOEAFODEERTH LTI ARTS 3,
#1This cancer case was identified only by death certificate.
ZOWMEMISFECEWNEOATEDE AL,
F2The present address of one cancer case was Aichi Prefecture, but she was hospitalized in Nagasaki Prefecture.
The ather cancer case was identified only by death certificate.
1O RIERIERMR T h o2 A, FAHNEHROGERIZARLA, o 1 MOSEMISIECEN $O 4 TRES Ak,
#3This cancer case died of stomach cancer in Kyoto but she was in Hiroshima Prefecture when she got Wilms’
tumor,
SOWEREWHEOLMFMCHCL TV 24, Wilns B2 EALAOREB AL ETH 2,
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