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SUMMARY
The incidence of leukemia has been analyzed in
relation to the fetal dose of individuals exposed
in utero, and the parental gonadal dose of
individuals born to atomic bomb survivors and
controls in the two fixed RERF cohorts. Among
3,636 in utero exposed children and controls,
3 leukemia cases have been identified through
1979. No excess risk of leukemia for in utero
exposed children is apparent. For children
born to exposed parents and controls, 36
leukemia cases have been identified in the years
. 1946-79 among 50,689 study subjects where the
parental gonadal dose is available, Again, no
excess risk of leukemia exists.

INTRODUCTION

No excess risk of lewkemia has been reported.

among children exposed in uterc to the A-bomb
or children born to A-bomb survivors during May
1946-December 1958.)2  Recently, improved
dosimetry has become available on the survivors
using a new epicenter in Nagasaki4 and formulas
developed for absorbed tissue dosefkerma dose
conversion factors for various organs including
the testes and ovaries.” Thus, it is now possible
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to calculate an absorbed fetus dose for individuals
exposed in utero and the parental gonadal dase
of children born since May 1946 in the RERF In
Uterc and Fy Mortality cohorts. -+

The present study analyzes the leukemia
incidence among individuals exposed in utero
and the children of A-bomb survivors in relation
to the absorbed fetus dose and the parental
gonadal dose as revealed by the Leukemia
Registry data® through December 1979,

MATERIALS AND METHODS

The in utero exposed subjects were selected
from the RERF In Utero Mortality’ and the
clinical follow-up samples.® The children born
to exposed parents were selected from the RERF
F, Mortality sample.’

Dosimetry

Fetal doses were calculated using the formulas
for the fetus dose/kerma dose conversion factors
proposed by Kerr,” namely, (Dy*/Ky*)=0.42,
(Dn*/Kn*)=0.14, and (Dn, */Kn*)=0.077
where Xy*=kerma gamma dose; Kn*=kerma
neutron dose; Dy*=fetus gamma dose converted
by kerma gamma dose; Dn¥*=fetus neutron dose
converted by kerma neutron dose; and Dn, y*=
fetus gamma dose converted by kerma neutron
dose.

Parental gonadal dose was calculated on the basis
of Kerr's testes or ovaries dose/kerma dose
conversion factors,’ namely, the dose to the
testes; (Dy**/Ky*)=0.65, (Dn**/Kn*)=0.40Q, and
(Dn, Y**/Kn*)=0.05; the dose to the ovaries;
(Dy***/Ky*)=0.40, (Dn***/Kn*)=0.12, and
(Dn, v***/Kn*)=0.12 where Ky*=kerma gamma
dose; Kn¥=kerma neutron dose; Dy**=testes
gamma dose converted by kerma gamma dose;
Dry***=gvaries gamma dose converted by kerma
gamma dose; Dn**=testes neutron dose converted
by kerma neutron dose;, Dn, y**=testes gamma
dose converted by kerma neutron dose; and Dn,
y***=gvaries gamma dose converted by kerma
neutron dose. For convenience in analysis the
doses have been classified as 50 rad or more,
149 rad, and O rad plus those not in city (NIC)
at the time of the bomb (ATB).

Ascertainment of Leukemia Cases

Ascertainment of leukemia cases is almost
complete in these cohorts through periodic
Koseki check for deceased cases. Confirmation
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TABLE 1 DISTRIBUTION OF IN UTERO EXPOSED CHILDREN AND
CONTROLS BY CITY AND FETUS DOSE

#1 Wi, BERRNCZABAEBRRERVZ0OMBE O

Fetus Total Dose in Rad

City
NIC* 0 1-49 50+ Total
Hiroshima 1816 573 510 49 2948
Nagasaki 490 52 110 36 688
Total 2306 625 620 85 3636

*Not-in-city ATB FBRESTINTEEL

Fetus total dose calculated by formula for the absorbed fetus dosefkerma
dose conversion factors using T65D Revised kerma dosimetry.
TEGBDRTH—vHEREHT, BIUBRIRER - vRBEFREFHOARIZLY

HELABRREME.

Fourreen subjects with unknown dose were excluded

BREAAO MBS L .

of the diagnosis of leukemia is based on the
RERF Leukemia Registry; the procedures for
the diagnostic review have been described
elsewhere.'® Leukosarcoma was excluded from
leukemia in the present analysis.

Distribution of Subjects by Dose

Table 1 shows the distribution of the in utero
exposed children and controls in the in utero
cohorts by city and fetus dose. There are 3,636
subjects excluding 14 subjects with unknown
dose.

Table 2 presents the distribution of the 50,689
subjects in the F; Mortality sample by city and
parental gonadal total dose (simple sum of
gamma and neutron doses). There were 2,036
subjects whose parental dose was unknown due
either to complex shielding or inadequate
information; they have been excluded.

RESULTS

Incidence of Leukemia among In Utero Exposed
Children and Controls

Table 3 shows the crude annual incidence rate
for leukemia among the in utero exposed
children and controls, Hiroshima and Nagasaki,
during 1945-79. Three leukemia cases have been
identified in this sample in the 34-year follow-up
period. No excess risk for exposed children
appears o exist. Only one case developed acute
lymphocytic leukemia among those individuals
who received 1 rad or more. When an analysis
was made of the discriminatory powar11 of the
in utero exposed sample, it was estimated that
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TABLE 2 DISTRIBUTION OF SUBJECTS IN Fqy MORTALITY SAMPLE BY CITY

AND PARENTAL GONADAL DOSE

F#2 W), WHOLMRERINICHAF FECAEEHAD G4

Maternal Dose

Paternal Dose in Rad

in rad 50+ 1-49 0 NIC Total
Hiroshima
50+ 73 52 112 619 856
1-49 i71 1314 854 4237 6576
<1 ) 250 811 25831 6660 10652
NIC 358 1212 2203 10985 14758
Total 852 3389 6100 22501 32842
Nagasaki
50+ 104 77 183 1121 1485
149 230 389 425 1775 2819
<1 552 664 1333 . 2988 5537
NIC 553 577 - 749 6127 8006
Total 1439 1707 2690 12011 17849
Total
50+ 177 129 295 1740 2341
1-49 401 1703 1279 6012 9395
<1 802 1475 4264 9648 16189
NIC 911 1789 2952 17112 22764
Total 2291 5096 8790 34512 50689

Parental gonadal dose caleulated by formula for testes or ovariesfkerma conversion factor
using T65D revised dosimetry. 2,036 subjects with parental dose unknown were excluded.

TEDHTHREMAOTRL - B vERFEHOLACTLINVHELABROEMBRERE . MO

BB AT 2,036 HBRL &

TABLE 3 CRUDE ANNUAL INCIDENCE RATE OF LEUKEMIA AMONG
IN UTEROQ EXPOSED CHILDREN AND CONTROLS, 1945-7%

#3 BARBRARUMBELSREL LAMKOFREEEE, 1045~794

Petus Total Dose in Rad

Total
NIC 0 149 50 +
Subjects 2306 . 625 620 85 3636
Person-years 72444 19403 19078 2255 113180
Leukemia cases 1 1 1 0 3
Rate (L07%) 1.38 5.15 5.24 .0.00 2.65
90% conf, limit Upper 6.55 24.46 24.87 - 6.85
Lower 0.07 0.27 0.27 - 0.72
Leukemia Cases
Fetus Dose in Rad Age at
No. MF No. Sex Type of Leukemia Onset Date of Birth
Gamma Neutron Total Onset
1 848523 M 2 0 2 Acute lymphocytic Mar;:h 1976 29 1 April 1946
2 246505 F 0 0 . 0 Acute granulocytic July 1963 18 8 August 1945
3 442671 M NIC Acute, type undetermined December 1954 9 7 December 1945
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TABLE 4 CRUDE ANNUAL INCIDENCE OF LEUKEMIA IN F, MORTALITY SAMPLE,
HIROSHIMA AND NAGASAKI BY PARENTAL GONADAL DOSE, 1946-79

#4 MROEMRBMBRINCHLES  RBOF FECHEARE» S BELL
C IS O FE R RAER, 1946~79F

Paternal Dose in Rad

Maternal Dose in Rad Total
S0+ 149 Control*
50+ Subjects 177 129 2035 2341
Person-years 4673 3394 52942 61009
Case 0 1 1 2
Rate (10°%) 0.0 29.5 1.9 3.3
90% conf. limits  Upper - 139.8 9.0 10.3
Lower - 1.5 0.1 0.6
149 Subjects 401 1703 7291 9395
Person-years 10678 46983 193926 251587
Case 0 0 4 4
Rate (10°%) 0.0 0.0 2.1 1.6
90% conf. limits  Upper - - 4.7 3.6
Lower - - 0.7 0.5
Control* Subjects 1713 3264 - 33976 38953
Person-years 44361 85379 897043 1026783
Case 2 2 26 30
Rate (10°%) . 4.5 2.3 29 2.9
90% conf. limits  Upper 14.2 7.4 4.0 4.0
Lower 0.8 04 2.0 2.1
Total Subjects 2291 5096 43302 50689
Person-years 59712 135756 1143911 1339379
Case 2 3 31 36
Rate (107%) 3.3 22 2.7 2.7
90% conf. limits -~ Upper 10.6 5.7 3.7 3.6
Lower 0.6 0.6 2.0 2.0
*Q rad + NIC 0 rad +HTATESRH

7 cases of leukemia would have to occur among
the 705 subjects in this sample who recejved 1 rad
or more if a radiation effect is to be shown.

Incidence of Leukemia among Children Born io
Exposed Parents and Controls .

Table 4 gives the crude annual incidence rate for
leukemia among the children born to exposed
parents and controls, Hiroshima and Nagasaki,
in the F; Mortality sample by parental gonadal
dose. In this sample 36 leukemia cases have been
identified during 1946-79. There is no significant
excess risk among these children where cither or
both parents were exposed.

Table 5 sets forth the observed and expected
number of leukemia cases by sex and three
classes of parental gonadal dose. The statistical
test used is an extension of the Mantel and
Haenszel pmcedure12 and no significant dif-

LadhifasrnkitEahis.
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VAT REE L AAMEOERHEEEEITHED
HEHIRER IR L 2. 1946~TIENMIZ Z D&
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TABLE 5 COMPARISON OF OBSERVED & EXPECTED LEUKEMIA CASES
BY PARENTAL GONADAL DOSE, 1946-79

#5 MBOEMBHEET A L0MREROEFERAVEEEO
Hewg, 1946794

Paternal Gonadal Dose in Rad

»

Total
50+ 1-49 Control
Average gonadal dose 132.2 11.7 0.0
Subjects 2291 5096 43302 50689
Observed 2 3 31 36
Expected* 1.6 3.6 30.7 36.0
Standardized relative risk** 1.3 1.2 1.0 —

Test of significance by extension of the Mantel & Heenszel procedure «2=.0018,
dfsl, P>.10 #kMantel - Haenszel Iz k3 A BEAREX2 =.0018, di=1, P >.10

Maternal Gonadal Dose in Rad

Total
50+ 149 Control
Average gonada! dose 105.3 11.8 0.0
Subjects ' 2341 9395 38953 50689
CObserved 2 4 30 36
Expected} 1.7 6.7 21.7 36.0
Standardized relative risk{t 1.4 0.6 1.0 -

Test of significance by extension of the Mantel & Haenszel procedure x*=.38,
df=l, P> _10 ik Mante] - Haenszel B I X 3 HBEREX 2= .38, df=1, P > .10

Control: 0 red & NIC

HEBH: O rad RUMTHAESE

*: Adjusted for sex & maternal gonedaldose HERUVEBROEMBBARYITTEL &
**: Standardized for sex & maternal gonadal dose ¥R USEOEHIRGRE & HHELL L
f:  Adjusted for sex & paternal gonadal dose HREURBOERBHEREITEL 2
77:  Standardized for sex & paternal gonadal dose R UKLBO LRGSR & BB L £
If the gonadal dose for either parent was calculated to be 300 rad or more, it was
arbitrarily set at 300 rad to evoid distortions arising from erroneous estimates.

FHOBOERBMRRE S 30rad LI L HHE SN A

B33 AH30rad iIzHE—L &,

ference in leukemia incidence is seen for either
paternal or maternal gonadal dose.

Table 6 shows a comparison of the observed and
expected number of cases adjusted for sex and
city by the sum of the parental gonadal dose,
The statistical test used is the Mantel and
Haenszel procedure.’®> There is no significant
difference in leukemia incidence between
individuals whose parental dose was 1 rad or
more and controls. When an analysis was made
of the discriminatory power!! of the F, Mortality
sample, it was estimated that 23 cases of leukemia
would have to occur among the 16,713 children
born to exposed parents if a-radiation effect is
to be demonstrated,

&, BokitEflicknEZsEANE:

£oT, HIWBEICRHFREN WD Shidh i,

FEO LI, BRI U AER O MTHE L Bl
EokgzmA0ERRGEROGHBMIIRL 2.
fEH L - $F AR EE L Mantel - Haenszel 1 ¢
5%, FMOBRH 1 rad U E0HRE & 7 O3
EoMoEMBEREZEITELZTBD SN E -
. FiRECHER R EHO N H ORI 21T 7
LI, BREBoREFELTRIL, #RED
WA 5ETNATFH16,713% %, BHOAMFBH
RELEThidazsstwriggshs,
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TABLE 6 COMPARISON OF OBSERVED & EXPECTED LEUKEMIA CASES
BY SUM OF PARENTAL GONADAL DOSE, 1946-79

#6 WBOEERRRNICS QMK ORE SR Ho kL, 1946~794

Sum of Parental Gonadal Dose in Rad

Item
1+ Control Total
Subjects 16713 33976 50689
Observed 10 26 36
Expected* 11.9 24.1 36.0
Standardized relative risk** 0.8 1.0 -

Test of significance by Mantel & Haenszel procedure

Mantel * Haenszel I X 5B EERE

x*=.291, df=1, P> .10 NS

Control: 0 rad & NIC: *Adjusted for city & sex; **Standardized for city & sex
HEAE: Orad RUMATESER. "WRUMETELA. “HECESHEBLEL~.

TABLE 7 COMPARISON OF TYPE OF LEUKEMIA, YEAR & MONTH OF BIRTH,
YEAR & MONTH OF ONSET, & AGE AT ONSET FOR 36 LEGKEMIA CASES
BY SUM OF PARENTAL GONADAL DOSE

7 WROEMBHEANICE-ALMFEBFAOONMRERY, £EH, EHER,

IR E O
Sum of Parental Gonadal Dose
Item in Rad Test
1+ Control
1. Type of Leukemia
Acute lymphocytic 4 ( 40.0) 16 ( 38.4) x*=1.32 df=3
Acute granulocytic 2( 20.0) 8( 30.8) P>.10
Acute, other type 2( 20,00 6{ 23.1)
Chronic granulocytic 2( 20.0) 2¢ 1.1
Total 10 ¢100.0) 26 (100.0)
2. Year & month of birth (median) Feb. 1952 Jan. 1951 U-test
z=1.25 P=.121
3. Year & month of onset (median) Dec. 1964 July 1962 U-test
z=.88 P=.38
4. Age at onset (median) 12.5 10.0 U-test
! z=.32 P=75

Numbers in parentheses are percentages. () WO BF(E/ -+ >
Control: Qrad & NIC #8BE: 0 rad RUBRAESE

Table 7 compares the distribution of leukemia
by type, vear and month of birth, year and
month of onset, and age at onset by the sum of
parental gonadal dose. Statistical significance
was assessed' by nonparametric procedures (x2
test and Mann-Whitney U test}!* and no
statistically significant differences were seen
between those individuals whose parental dose
was 1 rad or more and controls.

FTCIE, AMEOFEBE, EEA, BREEAD,
RFEFEMB, CHAANKBERAOSHEERO
EMRREOEHEMOTHEL A, /2852 b
1 '?7?'_5&(12'7‘2 F B TF Mann- Whitney U5 A F )" %
RSB ERZ2H ALY, AEOKE H 1 rad
Ltowsd s zodRE0mic, Hitvgms
BEEH s hf o ik,
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DISCUSSION

Based on retrospective studies of children exposed
in utero or the preconception exposure of thier
parents to diagnostic X-rays,, a significant
increased risk of leukemia in the in utero exposed
and children conceived subsequent to exposure
has been reported by Stewart et al!®1®
MacMahon,!” and Graham et al.!® However,
previous studies of A-bomb survivors'™ as well
as the present one have shown no significant

excess risk of leukemia among in utero exposed .

children nor children born to exposed parents.
Therefore, Kneale and Stewart'” suggest that
children who develop cancers of the reticulo-
endothelial system are liable fo loss of

immunological competence, and it is difficult, .

therefore, to identify a leukemogenic effect of
radiation in age groups prone to high death rates
from infection. Consequently, they claim that
a population of in utero exposed children of
A-bomb survivers is unsuitable for studying the
association between radiation and human cancer
including leukemia. Clearly, there are differences
in radiation exposure between A-bomb survivors
and mothers who received diagnostic X-ray.
There is, however, no compelling prior reason
why in utero exposed children should be
insensitive to the effects of radiation, because
radiation leukemogenesis is apparent for even the
earliest ages ATB in A-bomb survivors.”® There-
fore it is difficult to accept a hypothesis of the
selective nature proposed which ostensibly
operates only on individuals exposed in utero.
Alternative explanations for the negative findings
in the groups under discussion are, 1) the sample
size is too small to detect an excess risk of
leukemia as shown by the discriminatory power

of the sample and 2) there may be undetected _

leukemia cases, particularly in the earliest years,
because the medical facilities and the diagnostic
standards which then prevailed were poor in
comparison with present ones.
predicted that the leukemogenic effect on the
fetus would appear earlier than for childhood age
ATB survivors based upon the pattern of
development of radiation leukemogenesis in the
survivors in relation to dose, age ATB, and
latency 2!

In the tristate survey, Graham et al'® reported
that the relative risk of leukemia was 1.6 among
children whose mothers had experienced
irradiation prior to their conception and the
relative risk was 1.3 among children whose

It would be,
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fathers had preconception irradiation. However,
no clear dose-effect relationship emerged with
respect to an increasing number of diagnostic
X-rays. Gibson et al*®> reported that the
leukemia risk in the tristate survey was greater
among children exposed to combinations of four
factors (precomception X-ray exposure, inira-
uterine exposure, childhood viral infections, and
previous maternal miscarriages and stillbirths)
than among children exposed to only one factor.
Bross and Natarazan® recently reported that
their new statistical analysis also supported
increased risk of leukemia in the tristate survey
involving different combinations of radiation
exposure to the father and mother prior to
conception and to the mother during pregnancy.
However, the present analysis again failed to
demonstrate an effect of radiation on incidence
of leukemia among children born to exposed
parents. Given these apparent contradictions,

it is desirable to continue the investigation of the
children born to exposed parents throughout
their lifetime to ascertain the effects of radiation
with respect to leukemogenesis.
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