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LEUKEMIA IN OFFSPRING OF ATOMIC BOMB SURVIVORS
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s 528 Mm%

1946-63

HIROSHIMA - NAGASAKI
LB - k&

INTRODUCTION

Persistent chromosomal aberrations have been reported
in survivors of Hiroshima and Nagasaki who were under
30 vears of age and within 1500 m from the hypocenter
at the time of the bombs (ATB).!

of the progeny of exposed survivors has failed to demon-

Extensive surveillance

strate any increase in the risk of mortality or congenital
malformation or any alteration of the sex ratio.? However,
these measures of genetic change may lack power to
discriminate the effects of radiation. Since leukemogenesis
is not understood the occurrence of leukemia among the
children of atomic bomb survivors holds considerable
interest. Medical irradiation of either parent prior to
mating has been found to increase the leukemia rate in
their children.®* Increased genetic mutation as well as
increased leukemia rates in the offspring of animals exposed
to radiation, or treated with chemical substances inhibiting
the synthesis .of intracellular nucleic acid, have been
demonstrated experimentally.®®

This report deals with leukemia in the children of the
atomic bomb survivors born from 1946 through 1963 with
particular reference to incidence, cytological type, age
and year of onset.

METHODS

Ascertainment of Leukemia Patients Through the
ABCC Leukemia Detection Program in Hiroshima and
Nagasaki,” approximately 1100 leukemia patients have
been identified in persons living in or near Hiroshima
City and Nagasaki City sometime during their illness.
There are 128 persons in the Hiroshima registry and 87
in the Nagasaki registry who developed leukemia and who
were born after May 1946, i.e., conceived after the atomic
bombs. The diagnosis of leukemia was confirmed after
review of all available clinical and pathological materials.
For each case, a field investigation determined location
ATB, location of family register, and residence of parents.
Satisfactory information was obtained on the parents of

#

bl

ISR AF (2308 K05 T, BLHLA 51500m i O BEREIZ S 5
RIRE - BEO#SBEEE G, BtodakREEo

brziAEEshTws. ! i, HREFEOFH®
2B B IREE & A T, FECE P R A 5 o B,
HeavidEEkoEEEvohTtuwizn.?2 Lal, &
EFEMERORE L LTI, ZTHh6HsEDRE#
BlEshdausd L, AMFOFEEIID VT
FREtHHBEENTE AT, Hp#REFEoTHRics
FARMBEECZODCTIHHENOBELAE 2T w3,
AT B o - A ERHXEEAEZ05L, 20T
iz 2 MBEEERIENT S LEBDL AT VRE. 34
BOATRRERET, H 3 VIZHIEOBEAGN FHET 2{LEY
Hosbs 20 2o FRICBENEREEORN L
SUHMEHEEOBEMARI 2 EFERTHAD S
htwnsg, 5

ZOHETIE, 19468, 51963 F Ttk E N E IR
BREOFfIIEII20MEENTRE L, BIZZDHEES,
Hiflafl, HEFEMRS L UEBEEIZ L TH~NE.
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119 patients in Hiroshima and 83 in Nagasaki. Table 1
shows the distribution of these cases by the exposure
status of parents. It is believed that virtually all leukemia
cases developing in the two cities and adjacent areas have
been ascertained through the ABCC Leukemia Detection
Pr()gra\m.7

gz La, ES1196], E\s3fomifiz-v ol
BT ERIEBoNA. Zh o OMEROMHEORERE
B GHAsRLIIRLAE, RS- BEBOWETN S L4
DIEFFIZEE LA ML, ABCC AMBEHEMBEFCL -
T, BEAETNTHBESATWVWI2EDEETL.T

TABLE 1 F, CASES IN ENTIRE LEUKEMIA REGISTRY BY PARENTAL EXPOSURE, 194665
*1 HmMBEESHO Fo1fil: MR omRIRED, 1946 - 654

Mother's exposure

Father's exposure distance m XBO WM ERE

distance m

Not-in-city Taotal
<2000 2000-10000
HEOBRER e &3
Hiroshima /5 &
<2000 T 0 6 7
2000-10000 0 5 20 25
Not-in-city M T 1E 1 7 79 87
Total #t 2 12 105 119
Nagasaki £ W
<2000 -0 2 1 3
2000-10000 0 10 7 17
MNot-in-eity P A7 1 1 61 63
Total & 1 13 69 83
Parental exposure unk L COSes luded —Hivoshima 9, Nagasaki 4.

EHOBERRES T THIEHO 9F & L8O 4 FIZBRL L.

Sampling Considerations Information is not available
on the number of children of exposed parents resident in
either city. Enumeration of the base population is compli-
cated further by the immigration of persons who were not
in the cities ATB. As an alternative approach, the leu-
kemia rates were estimated for two specifically defined
fixed samples. One is the JNIH-ABCC I, mortality
sample and the other consists of all ', children registered
at ABCC for whom parents’ exposure status is known and
from whom the F'| mortality sample was selected.®

The F; mortality sample consists of approximately 53,000
childgen born in the two cities between 1 May 1946 and
31 December 1958. The sample is divided into three
groups by exposure status of parents: one or both parents
located within 2000 m from the hypocenter; one or hoth
parents located between 2500-10,000m; and neither
parent in the city ATB. The groups are matched by year
of birth and sex. Table 2 shows the distribution of this
sample by the exposure status of parents and the corre-
sponding distribution of leukemia patients. The mortality
experience of the F; sample has been recently surveyed.®

EEADEE LE - BE#ElifcEETsEREo o
BEizowTE, BRAS L. s L A BER
OFEIL, FHBFIEHiwatrs 2EOEANS LS
WIZELIIEETAES. ChizithAdFELLT, B
WAaERCH-THIOhA2>0RERAF*HOTH
MmHEEEOHELTL 7. 2D 1213, T - ABCC
HEOEREREOTE(F ) 0 CERERE R TH Y,
b 1 212, HHEOBBRES B LT T, FIEC
HEREEAMEOIERE L 2T 05 ABCCHS O F &
BTHA.P

FoSETERERA: o FECEMERE AL, 19464
5H1HLLE198FE12H 31 H £ izl ohEF s it
53,000 A THERR 2T A, ZoERE, WO K
BLESTOUT3S0BISEEIRE: T4hb, 1li#
OB ELIE—FH2000m Kz w238, 20WBEOME
2t — HA2500 4 5 10,000 m iz v =, 3) i 88 AT R
BEIZHNIZVED s AEO3BTH-T, ZheofBlO
HAEEE LSRR —BT3E32LTHE. |21
i, COEAOHBOBBIRENGE L, FHIIHET
AAMBHOFHETLE. 20 F ERIIETAFHTE
ZoWTREAE T bhT a8



TABLE 2 LEUKEMIA INCIDENCE IN F, MORTALITY SAMPLE BY PARENTAL EXPOSURE, 1946-61
#2 F1iECEREFRIIET 2 AMMBREER: WBoMBIREN, 1946 — 614

Parental exposure distance m i35 & ¥ HE BE 3

City —
i1 <2000 2500-10000  Notin-city o
AR & it

Subjects Hiroshima [ 11427 2* 11566 6* 11539 2* 34532 10*
X AR Nagasaki £ 45 6294 6304 6289 2*  1R87TR  3*
Person-years Hiroshima & 111754 112486 112605 336844
t risk ) v i :
& Nagasaki £# 56314 56270 56329 168912
I.cubemia cases Hiroshima & 5 17.9 53.8 17.8 29.6
J10 %year 3
R Nagasaki & ¥ 177 35.5 17.8
Pl Total & 17.8 35.6 23.7 25.7

*Leukemia cases = 055

During the course of previous genetic studies,**!* ABCC
has investigated the exposure status of parents of most
children born in Hiroshima or Nagasaki City after 1 May
1946. Through 1963, the exposure status of the parents
of 163,000 children, or approximately 64 % of all children
born in the two cities, was known. Children in the larger
F, sample were divided into three groups:

Group 1—One or both parents within 2000 m from the
hypocenter;

Group 2—One or both parents between 2000-10,000 m,
neither within 2000 m;

Group 3—Neither parent in Hiroshima or Nagasaki ATB.

Although this sample of | offspring is attractively large
it provides an imperfect basis for determining leukemia
rates since its surveillance has not been continuous and
no allowances have been made for death and migration.
Therefore, it was used only to supplement the I, mortality
sample. The distribution of this larger F';, sample by
exposure status of parents is shown in Table 3 together
with the parallel distribution of leukemia cases.

RESULTS

Table 1 shows the distribution of 202 children with leukemia
in the ABCC registry who were born after 1 May 1946
and who developed leukemia prior to 1 September 1965.
Leukemia was infrequent in children with one or both
parents exposed within 2000m from the hypocenter
{Hiroshima 8, Nagasaki 4). There were 32 children with
leukemia in Hiroshima and 18 in Nagasaki with one or

ABCC T3, LIpiO#MEFMBTE? 50 12H0T, 1946%
SHIODBEERSEF R TCEEn T LA YO T
OBOBEBIREE HE LA, 19638 F Tz, WHTEE
MR HE 163,000 A, T4bbsEREROMM%IZoW
TEOWBOBBRESF b s TE. 20O LD KHE
T FIBEARII OIS TLERS.

BIB—HELIZFO—HHBLOH A 52000m %
il TR L T BB,

B2 —WME o — FH2000-10,000m T H R

LTweT, WIFhd2000m K CHB LT VL0,

?%ﬁ~ﬁﬁ]ﬁﬁt LEBEHCLEET RREBIIOE D S
ZOF BRIz LOHTRBETLELSY, F0BRKH
HTAMGEN T 2bhTE s, HCHLIUEHIIV
TEESA TV EZ 0T, AMREERERHE oML L
TEHFRELTHSE. LENFST, TR F FECEHE
AL i coiEHLE ZOKRBESL FEAE
ZH I AMMoBBRKEN S E, FhIzHEST A A
mElormE£3IIRT.

w R

#1LIGABCCIHG s hA-AMmAEFIR, 1946465 A1 H
LisictEghiEngdc, 196698 1 HETLzdREL
rAMFBAE 22 FoSHEERT. B r0—F8
O o BEHE AT2000 m K TH S F OB MBI R v
(EE8H, EW4M). WREZIEE0—FOMERERHE
A200mLETHAANROBMFEIL, LB T332,



TABLE 3 LEUKEMIA CASES IN F; SAMPLE OF BIRTHS IN CITY REGISTERED AT ABCC BY PARENTAL
EXPOSURE AND CITY OF BIRTH ’

#3 ABCCTHHLTWANALED Fi Az Ed 5 O med: e e s & o i L
Mother’s exposure Father’s exposure distance m 538 o B8 S RE
distance m e —r3=s
: <2000  2000-10000 OGO 28
B @ 1 B R 7 P T 7 &3t
Hiroshima 5 &
<2000 Leukemia FILL#H5 0 0 2 2
F, children Fy#¥ 1765 1635 6401 9801
2000-10000 Leukemia HI0L#E 0 1 8 9
F, children F1#5# 1663 5912 13675 21250
Notin-city T Leukemia 11104 1 5 11 17
F, children F, #3024 6741 36866 46631
Total 3F Leukemia  F IM# 1 6 21 28
F, children F1## 6452 14288 56942 77682
MNagasaki B
<2000 Leukemia  E fiL# 1] 0 0 0
F, children FrH 516 992 3389 4897
2000-10000 Leukemia ©H .liLLfE 0 6 1 7
F, children Fl## 1544 11737 23696 36977
Not-in-city i3 A7  Leukemia & i 1 0 8 9
FI children Ty ## 1513 7449 35279 44241
Total &t Leukemia B L4 1 6 9 16,
F, children Fi# s 20178 62364 86115

both parents bevond 2000 m from the hypocenter ATE.
Most cases occurred in children both of whose parents
were in neither city ATB.

Incidence of Leukemia in the F, Mortality Sample
Table 2 shows the numhber of leukemia cases, number of
subjects, person-years of risk, and incidence by exposure
category. By December 1961, 10 leukemia cases had
developed in the IF, mortality sample in Hiroshima and 3
in Nagasaki. All were born between May 1946 and
December 1958; the person-years of risk vary between 3
to 15 years and average 10 vears. The leukemia rate
for the entire I*, mortality sample is 30 per million per
year in Hiroshima and 18 in Nagasaki. No statistically
significant differences are noted among the rates for the
three exposure groups. The mean radiation dose estimates
(T57D) for subjects exposed to the atomic bomb within
2000 m from the hypocenter for Hiroshima and Nagasaki
are 191 and 220rad, respectively, and the medians 65
and 96rad.® For parents located beyond 2500m the

dose is negligible, less than 5rad.

EWMTHBH S - 2. LA DL,

Ml b RBIZEELT VLS.

jit A I R

FIRCERERAICEI280KREEE L2 xam
Wi, o RE, BENE, bk UREEES SR
FiECEREMEADS b, 1961120 £ TIo %
FLAEmmEflE, RETEI0m, B iz 3ifcs - .
INHOFNETTIM6E 5 H » 519584 12H £ ClzE %
NTVa, POBRBAERIEL»SISE0RET, Fiy
WHETHE. FriECEREEA 2K AT 1,000,000 A
LD OHMPETFEMIEEE L, BB TIE30, RETIE18
Thd. 300FEBRBIcEITABEEOMIC TN
CHBEOERED N, LB LUVEHIZE TS #H
4 2 BiE 2000 m i o) o B OB EHEE W (T57D ) o F iy
FENFN19] rad HLE U220 rad TH Y, #OhpfE
365 rad H# L% rad TH 5.8 WHA2500m LIED
MW ABASDERIZEHDOTHEL, S5radllTT
HABH.
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Incidence of Leukemia among All F, Children Regis-
tered at ABCC There were 28 children born in Hiroshima
and 16 in Nagasaki who developed leukemia among the
approximately 160,000 children registered by ABCC in
hoth cities. The distribution of these patients by parental
exposure is shown in Table 3.

Table 4 compares the actual number of F| patients with
leukemia in each exposure group with the expected number
caleulated from the distribution of the total ', sample on
the assumption that leukemia is not related to irradiation
of parents. The comparisons are made separately and
collectively for three birth intervals (1946-47, 1948-53
and 1954-64). No statistically significant difference is
noted between the observed and expected number of
children with leukemia in each exposure group for any or
all the birth periods studied.

Age at Onset of Leukemia Characteristics of the 202
cases of childhood leukemia oceurring in the I; portion
of the entire [.eukemia Registry were analysed by exposure
status of the parents: Group 1, one or both parents exposed
within 2000 m; Group 2, one or both parents located
between 2000-10,000 m and neither within 2000 m; and
Group 3, neither parent in the city ATB. The distribution
of all 202 F, leukemia cases is shown in Table 5 by
exposure group and age at onset. No statistically significant
difference in age at onset characterized the various
exposure groups. In all exposure groups the frequency is
highest in the 0-4 and 5-9 age groups. These data fail to
demonstrate any effect of radiation on age at onset, but
of course the frequencies in Group 1 are quite small.
Table 6 shows the relationship between year of birth and
age at onset of leukemia for each exposure group for all
F, leukemia patients. All cases of acute leukemia were
divided into four groups by year of birth: 1946-50, 1951-55,
1956-60, and 1961 and later. In order to increase sample
size the Hiroshima and Nagasaki cases were combined.
The earlier the year of birth the higher was the average
age at onset of leukemia. These data fail to demonstrate
any significant variation in age at onset by parental exposure.
Table 7 shows the relationship between year of onset and
age at onset of childhood leukemia. The year of onset
was divided into four periods: 1946-50, 1951-55, 1956-60,
and 1961 and later. In all groups the average age at onset
rose with the average age of the population. No significant
differences were noted among the exposure groups. The
study also failed to demonstrate any relationship between
interval from atomic bomb exposure to birth and the age at
onset of leukemia.

Type of Leukemia The percentage distribution of all F,
cases in the Leukemia Registry by cell type and chronicity
is shown in Table 8 for each exposure group. In Nagasaki

ABCC TE#ahTV3 F, £80AMKEER ABCC
THES ATV Ao HE RS 160,000 Ao 53
AL B R, RS T 28, R TIEI6M S 5 .
IS OE OB OBEBRRERNSARILE3 IR,

#Alz, RERBCIHILIARAMBOERE, AWK
HHBEOEBEEREAL LD EEELT, FIEAS
Bogfihr ot E LAMEHLZEELA-LDTH S.
ZoteEz, WAEFEEE 3 ORFIIZ 5T (1946 - 474,
1948 — 534, 19564 —64%E), Fh F L2V TiTA ) &
ERIEMEIC VT T 2. COMEMME 2
MMz THSTE, FEEFH OIS RAMEO B
W LR E oI, HAFNCEEOERED S
s,

BMRAREEER THi:h-ALBEHOI 5 F i
BELAALB 202 FH oS>V T, RIRTWEO
WHARBER I ST A - U1 H—mBE it
O—FA2000m K THBE LT ST, 20 H2H—WE
FRIRFO-HA2000-10,000m OHEEIZVT, 55
£ 2000m A i TIEEE L T unlE; 3 B L L RURER
Wiz Ao 8. Fp Q202 flomEiEsn sk
URPIREE®Y S A £ 5 1057, REERICE, &
WA BA T2 M SN L AEEZR DL D -
o FOMBEHTE, 0-4@bL05 - 9FEERTO
HEANRETHS. ZN6DERTIE, HBREERICK
HEOBEIBRDORLVH, LEIABLIIEIIBITS
BEELEE I E . £613, Firamisefizsia
H BT O (LA AR & B S R & OB E R,
MR NE O 2 A2 BEEEIZL S T, 1946 - 504,
1951 - 554F, 1956 — 604 & & F1961ELI% O 4 B (25 1T
. BEOHBASIEAT A0, ERHLEHOR 4G
Lz, WAEREAR G LR R & B S #s i
Hirs . Zhob 0BT, SEEIETEICHOBRIR
BILE2H8ZETARDORA TV 2L, RTIE, A
RS OB L BRI ERE OMERE TR T. %R
R, 4Bz, T4 bbb, 1946504, 1951 -
554, 1956 -60fE & L UN196LELIETH L. FOETE
SERIEO TR RTEHOFEFERf - T LA L
. HHEBHEMcERoZIEbLN A £, I
OB T, HWIRA 6 HE T TOMB & A MR E
wmLromMzzAbsoBERELAL oMLY S .
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TABLE 4 LEUKEMIA IN F, SAMPLE OF BIRTHS IN CITY REGISTERED AT ABCC BY YEAR OF BIRTH
AND PARENTAL EXPOSURE GROUP

#4 ABCCTERLAHTANME FABARIZHIT 2 AMmmEH: $4EEE - HROBBEY

Birth Hiroshima 5 5 Nagasaki 4 b
Statist k
# é\;e;rﬁ ;‘;;{tc Group *1 2 3 Total Group 1 9 3 Total
= i BB it Hige it
1946-47 Leukemia Observed BEE¥ ... ... 0 3 1 4 1 3 1 5
BB Expected 11745 1.0 1.9 191 4 0.5 3.2 1.3 5
F, children Fiés . 2457 4612 2892 9961 1013 6369 2538 9920
1948-53 Leukemia Observed % ¥ 2 5 i 14 0 2 (i )
BMA  Expected MIiFH. 2.4 41 5 14 Vi 3.7 3.6 8
Fl children F1#E 8 e 5792 10168 18435 343095 2992 16686 16019 35698
195464 Leukemia Observed #ZE#L ... 1 6 3 10 0 2 1 3
HOH  Expected MIFH ... 18 3.5 47 10 0.3 1.5 12 3
F, children F1& 8 ... 6239 11548 15539 33326 3949 19827 16722 40498
Total Leukemia Observed #EER ... 3 14 11 28 1 T 8 16
et BOA  Expected MR .o, 5.2 9.5 13.3 28 1.5 8.0 6.5 16
F, children Fy@¥ . 14448 26328 36866 77682 7954 42882 35279 86115
Expeeted value calevlated on Fy population BEIE Fy M2 ET e T E Lo
*oroup I Both or cither pavent exposed within 2000 m BIW: AME AR F0—FHAW0nkilTHBLT S8
Group 2: Bolh or cither parent exposed between 200010000 m 5 2,48 @l 21220 —FHA2000-10,00m TS LTS
Group 3. Neather parent in eity ATH. At B L EBBEHRIRILY S AR

TABLE 5 PERCENT DISTRIBUTION OF F, CASES IN LEUKEMIA REGISTRY BY AGE AT ONSET

#5 AMMEEKE G5 Fyflo 5T 8eE 5 E 514

Group BHEEE 1 2 3 Total & 3F
!\ge at onset Leuk == L T T
35 0 O R eukemia a9 eukemia % eukemia eukemia
5 =1 1L 475 fA1 = 1 75 7] B 1L 4 5 11 1 #5 151

Hiroshima 5 &

0-4 25.0 2 43.8 14 34.2 27 38.3 43
59 37.5 3 34.4 11 35.4 28 35.1 42
10-14 37.5 3 15.6 il 19.0 15 18.0 23
15+ ] 0 6.3 2 11.4 9 8.6 11
Total #t 100.0 ] 100.0 32 100.0 79 100.0 119

Nagasaki £#f

0-4 75.0 3 61.1 11 31.7 19 40.2 33

5.9 0 ] 22.2 4 36.6 22 31.7 26
10-14 0 0 11.2 2 30.0 18 24.4 20
15+ 25.0 1 6.1 1 1.7 1 3.7 3
Total A 100.0 4

100.0 18 100.0 60 100.0 82




TABLE6 MEAN AGE AT ONSET OF ACUTE LEUKEMIA CASES IN LEUKEMIA REGISTRY
BY YEAR OF BIRTH (HIROSHIMA +NAGASAKI)
#6 BHMBEHIC S5 R2MEAMEOFRBAFER: HEEE (5B +RE)

2 3

Mean age  Cases

T8 il £ P 151l ¥

Mean age  Cases

Y ear of birth L0 il
4 2 Mean age  Cases
T #4 17 ¥
1946-50 14.5 2
1951.55 7.8 4
1956-60 3.6 5
196165 1.0 1

8.0 20 9.9 63
5.1 11 6.0 36
3.1 15 3.7 24
1.3 3 1.3 9

the frequency of acute lymphocytic leukemia is slightly but
not significantly higher in Group 2 than in the other groups.
Otherwise, the frequencies of the different types of
leukemia in Groups 1 and 2 are generally similar to those
in Group 3. This study provided no evidence that previous
radiation to parents subsequently altered either the cell
type or chronicity of the leukemia developing in the F,
progeny.

Table 9 shows the average number of years elapsed
between 1945 and the onset of leukemia in the F, children
by parental exposure and type of leukemia. Thus far,
almost 20 years after the atomic bombs, the average
number of years elapsed before onset is more than 10 for
each type of leukemia. The results fail to demonstrate
that previous exposure of parents to significant amounts
of ionizing radiation altered the type or time of onset of
leukemia in their progeny.

Leukemia in Children Exposed in Utero Only two
children who were in utero ATB in Hiroshima are known
to have developed leukemia (Table 10). One mother was
located about 10,000m from the hypocenter ATB at 6
months gestation. The other mother was located 1900m
from the hypocenter and delivered a full-term baby 2 days
later. No child exposed in utero in Nagasaki has been
found with leukemia.

The in utero population is not sufficiently well known to
encourage estimation of incidence on the basis of two
cases. The observed number generally agrees with the
expected spontaneous incidence for the 20.year period
after exposure for the 3050 in utero exposed children in
Hiroshima registered at ABCC. There is at least no
marked increase in incidence in those who were irradiated
in utero at close distances.

wT. BT, 88 v RREAMEOEEE, B2
HrZoMoBLIPPEVIZREETRLZV. 0
fo, F1IEEIUCE2H ST I&REoOMAOHE
I3, H3IBOEINELFZERLTHA. ZORETIE, W
HoEBRIL-7T, Fioam@mMaE 2 18 %EED
BTN EAFEC ALV I RBERED LW,

#£9, 19458 »5 FIANFEERE TOFHEBTEHR
%, Ho#BRENs L UrAnERER IcRT. FEigd
SMNEMBELBEITOLIS, ERYUOANKED
HRETOFEHEBEHIVTALI0ELD ETHE. 2
DR TE, THOAMBORNE 2 I BFRERY, £
OEAFLRCHEEROEHERMRIERL TELD
ZEb-EWIFMAERED SR L V.

BBA#HERICHETIZANE LEOKAREERRE cAMEA
HEELLEEBDLNATVI20EbT2HTHS (F
10). 1M OEHEILEBEICEES »H TROM» 5
10,000m 3BfFiz WA, EA o L HoREIE, HSEEE
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TABLE 7 MEAN AGE AT ONSET OF ACUTE LEUKEMIA CASES IN LEUKEMIA REGISTRY

#7

FUIAREE 8% 12 8513 5 B (0805 00 1 H S0 05 6 b - S84 4 FE B (15 &+ R0 )

BY YEAR OF ONSET (HIROSHIMA +NAGASAKI)

Group 88t 1 2 3
Year of onset _— e

REBER Mean age Cases Mean age Cases Mean age  Cases
F 1 1) £ T E 4 15 & g2ka o 17
1946-50 0 1.3 3 1.5 2
1951-55 3.0 1 3.3 9 3.5 16
1956-60 5.0 4 5.4 17 6.5 46
1961-65 8.0 7 7.0 20 B.6 68

TABLE 8 PERCENT DISTRIBUTION OF F, CASES IN LEUKEMIA REGISTRY BY TYPE OF LEUKEMIA
X8 AMMEEKIIEID PO E5RIM6: HU5

v Group #8081 2 3 Total & it
Type of leukemia : - - - L — i -
- M o eukemia Leukemia Leukemia o eukemia
REG 110551 1 5 % anmm £ 1 5
Hiroshima L&
Acute granulocytic BHME ... 50.0 4 40.6 13 43.0 34 42.9 51
BIE Lymphoeytic U ¥ 7S8RIE o 250 ° 2 34.4 11 25.3 20 27.7 33
Monocytic  HERIE 0 0 6.3 2 1.3 1 2.5 3
Stem cell, uncertain, ete. 88182, HMUFHL & 250 2 15.6 5 25.3 20 22.7 27
Chronic granulocytic MM B8N ... 0 0 3.1 1 5.1 4 4.2 5
Total #f 100 8 100 32 100 79 100 119
Nagasaki 56
Acute granulocytic T8tk . 50.0 2 22.2 4 50.8 31 44.6 a7
B Lymphoeytic V) > 7S3REE 50.0 2 55.6 10 32.8 20 38.6 32
Monocytic  BERME 0 0 11.1 2 3.3 9 1.8 4
Stem cell, uncertain, ete. S¢#llla, M FBHL L 0 0 11.1 2 8.2 5 8.4 T
Chronic granulocytic M8fEF8ME ... 0 0 0 0 4.9 3 3.6 3
Total 3t 100 4 100 18 61 100 a3

100

TABLE 9 MEAN DURATION BETWEEN A-BOMB AND ONSET OF LEUKEMIA

(HIROSHIMA +NAGASAKI)

#9 BB S AMBREEE S ToTHEME (LS +EE)
Group Type of leukemia Cases Mean duration
fiide 3 [ 1 75 & 151 ¥ < £ 40 B

1 Acute granulocytic SPER#EtE ... 6 17.5 vears
Acute lymphocytic  BAEY » oTERiE L 4 15.0
Chronie granuloeytic MREF#I1E 0
2 Acute granulocytic EEEMME. ... 17 13.0
Acute lymphocytic B4R otERAE L 21 14.8
Chronic granulocytic M IER 8 ... 1 17.0
3 Acute granuloextic BMEBHEME . 65 14.7
Acute lymphocytic @AY ¥ VBRI L 39 14,9
Chronic granulocytic fRFEBMME. ... 7 15.0




TABLE 10 LEUKEMIA IN CHILDREN IN UTERO ATB —HIROSHIMA
%10 KBHABEBRROBMERN — K&

Item GiH Case fEffl 1 Case fEfil 2
Sex TR A b e Al e Male Female &
Distance m BB 9920 1900

Date of birth EFHH ...

7 December 1945 8 August 1945

Month gestation ATB RIREFEMRA ... 6 10
Year of onset EREE e 1954 1963
Age at onset BWHFEM 9 17
Type of leukemia FHIMMH ..., Acute lymphoeytie  Acute granulocytic
2 v R BERFEE
DISCUSSION £ B

The age-specific incidence of leukemia in Japan is highest
at ages 0-4 years and shows a remarkable drop in those
aged 5 and older; a second peak is present at ages 55-59
years.'"1* However, the actual number of leukemia cases
is largest at ages 0-4 yvears and decreases gradually with
age, so that 27% and 46 % of all leukemia cases develop
before the ages of 10 and 20 years, respectively. It is
estimated that approximately 80% of all leukemia cases
develop before the ages of 10 and 20 years, respectively.
It is estimated that approximately 80% of the F, gener-
ation of the atomic bomb survivors had been born by
1958% and the average duration of risk for the sample is
approximately 10 vyears. These figures suggest that at
least 20 % of the expected leukemia cases in this population
have already developed and that a reasonable determination
of the childhood leukemia rate may be made at this time.

Thus far the incidence of leukemia in the children of
proximally exposed survivors does not differ significantly
from that of children born to the distally exposed survivors
or to parents not in the city ATB, and the rate in each
group is approximately the same as that for all Japan.
Since the experience is small, one must ask whether the
failure to find significant differences is consistent with
true differences of any substantial magnitude, or are the
numbers large enough to lend force to the negative
conclusions.

If we call the incidence in the exposed group P, and the
incidence in the nonexposed group P, , with groups of the
size of the present sample (17,800 each), the probability
of obtaining a sample such that the hypothesis of no differ-
ence is rejected at the .05 level of significance is given

by the power function of the Fisher-Yates test, evaluated
at P, and P,, and with N, =N, =17,800. For

HAIZ&I 5 AMBAEOEMNBEEEE, 0 -4F12H0
TEHBTHY, SHEMEICAZLFLLWD L, 55-59&
TEZOWLIHE.0 Lal, BMFEDEEER,
0—4FIZBVWTHERTHN, FHoWiNzohTLE
VIZIE L, 2 EHER 027 %3106 £ Tlom L, 46%
F20E ETICHMT S, HBEHESEO THOH80%IE
198 F Iz EhnTwa tFE2Z6H,] ABEELRD
THBEHBEHINETES. ChooMiErs, 20
HEEMCE T2 AMFBMFAOL L LE20%1FEFT
ZRFALTHY, MRAMBEERF S 2BERETE
A2OTIREvwhEEZILNAS.

INETHEZ S, MHEBEHEBREOFEIIFT 2 AME
FEHER L, MIREREE E S EBEREANIILE S 5
MEOFHRORERLOMIZIIERLEN 2, &L
LEDERIHACHEHOE L IZIFR—TH5. BEHEH
MNENDT, AEEIFROLSN LI L IFERICHYS X
ELENFETIHELFELLVY, 5501 E0E
EMERAEXEH T3 2000 +5TH 22 83 P,
Bt A0 EN S 5.

MR BIT AR EESY Py, EHBBICS AR ERS
Pypethid, HEOEAO K x0EH (£17,800A)
T, EFZVEVIREN CAESRKECEANEIS
LI UBAPB LN BREREIE, Pk Py gLl N =
N2 =17,800 & L T5F{ifi € 1 5 Fisher-Yates ¥ O %



P, =10.0 x10™* and P, =2.24 x107*%, the power
function has a value of .90. That is, if the incidence in
the exposed group is truly 10.0 x 10~ and the incidence
in the nonexposed group is truly 2.24 x 10™*, we would
have a probability of .90 of rejecting the no-dlfference
hypothesis at level .05. It seems unlikely, therefore, that
the risk of leukemia in the I, group whose parents were
exposed within 2000m ATB is as much as four times
normal expectation.

Despite the observations'® that at least 46 % of spontane-
ous leukemia has developed by the age of 20, and that the
incidence of leukemia in prenatally irradiated children
rises progressively with age in the first decade,™'* only
two cases of leukemia in persons exposed in utero have
been observed in the population. Neither was exposed to
significant amounts of radiation during the first and second
trimesters of gestation, when diagnostic abdominal X-
irradiation is thought to increase the likelihood of subse-

quent leukemia and cancer.*

The relationship between ionizing radiation and leukemia
is well documented.'®!® However, the mechanism respon-
sible for the induction of leukemia is not clear. The
production of chromosomal aberrations and the activation
of latent virus by irradiation exemplify possible mechanisms.
The role of parental irradiation prior to conception is

16

even more complex.'® Observations on leukemia in the

offspring of animals exposed to ionizing radiation or various

chemical substances®-®

suggest that genetic mutations may
be responsible for the development of leukemia. Markedly
high leukemia rates in irradiated I, mice derived from
crosshreeding of A/JAX and AKR mice!™ support the
concept that radiation activates a latent virus vertically
transmitted. Similar transmission of different strains of
leukemia-inducing virus in animals is also known.!®!?

In man, Stewart first reported an increased risk for all
childhood tumors in children born to mothers who received
diagnostic abdominal X-ray irradiation before conception.'*
Recently Graham et al® reported that children whose
mothers experienced preconception X-irradiation had a
relative leukemia risk 1.6 times that of control children,
and that preconception irradiation of fathers carried a risk
of 1.3. An example of the possible transmission of human
leukemia from a mother to her infant has been described.??
These studies suggest the possibility that chromosomal
damage induced by irradiation in germ cells or transmission
of virus from parents to their offspring, may influence the
subsequent development of leukemia in the F; generation.
Experiments made by Ito?' and Setsuda et al®® suggested
that susceptibility to leukemia was transmitted vertically
in several generations. They observed not only bone
marrow hypoplasia in the I, generation but also develop-
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ment of granulocytic leukemia in the F, —F, generations
which derived from the cross-breeding of rats given
X-irradiation or aminopterin. In man, Garrica et al??
reported an excess of leukemia in the pedigree of a patient
with hypoplasia of the bone marrow. Although no increased
incidence, or unusual distribution as to type, age at onset,
or year of onset, of leukemia has been demonstrated in
the F| offspring of the parents with significant amounts
of atomic bomb radiation, a longer period of observation
will be required for the definitive evaluation of parental
exposure to atomic bomb radiation as a cause of leukemia

in later generations.

SUMMARY

In a survey having a 90% chance of detecting a quad-
rupling of risk, no significant increase in leukemia has
been observed in the offspring of persons exposed to atomic
bomb radiation in Hiroshima and Nagasaki.

In the children with leukemia who were born to previously
irradiated parents, there was no unusual finding in regard
to the interval from parental exposure to onset, age at
onset, or type of leukemia.

Failure to demonstrate a radiation effect does not mean
that there is no such effect. It merely means that within
the experience thus far open to observation no effect is to
be seen. There now is sufficient experience to justify a
long period of observation of the F, and subsequent
generations for a possible increase of leukemia.

TI/T7U V5452045 bORBEXEIZEL S
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