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CHILDHOOD CANCER IN RELATION TO PRENATAL EXPOSURE
TO A-BOMB RADIATION

REBSHKICLIIBARFELFEHEE OMR

SEYMOUR JABLON, M.A.; HIROO KATO, M.D., M.P.H.* ( Ml % )

Depariment of Statistics
AT AR

SUMMARY. The juvenile cancer experience of 1292 children exposed prenatally in 1945 to the atomic
bombs in Hiroshima and Nagasaki has been studied. There was no significant excess of mortality from
leukemia or other cancers. This experience is not consistent with the specific model for carcinogenesis as

a result of prenatal X-ray, advanced recently by Stewart and Kneale, and consistency can be obtained only

26-70

by a drastic reduction in the value of the linear coefficient in the Stewart-Kneale model.
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INTRODUCTION

There has been very great interest in the question of
leukemogenic and, more generally, carcinogenic effects
on the fetus of radiation received during abdominal X-rays
or pelvimetry of pregnant women. This interest is attested
by numerous studies that have been reported'™* despite
the obvious difficulty of organizing well controlled large
scale investigations. The majority of investigators have
reported finding evidence of leukemogenesis or general
carcinogenesis or both, but there are notable exceptions.
Stewart and Kneale' have recently advanced data that
appear to demonstrate that prenatal X-ray exerts a
carcinogenic effect during the first 10 years of post-natal
life that increases linearly with increasing dose. Our
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purpose is to make available unique data which are relevant
to the testing of this reported effect— data on malignancies
which have occurred during the first 10 years of life in a
group of Japanese survivors exposed prenatally to various
doses of ionizing radiation from the Hiroshima and
Nagasaki atomic bombs in August 1945. The data are
drawn from a more extensive study® of mortality in these
children from 1946 to 1969,

METHOD

Selection of Sample. Copies were obtained of all birth
records, totalling 7720, filed in the cities of Hiroshima
and Nagasaki between the times of the bombs (Hiroshima,
6 August; Nagasaki, 9 August 1945) and 31 May 1946.
Field workers interviewed each of 7458 (97 %) mothers to
determine their exact locations and circumstances at time
of exposure; 3871 (52 %) of them had been in one of the
two cities at the time of the bombs, while the remaining
3587 mothers had entered the cities afterwards. The
majority of the surviving mothers were located far enough
from the hypocenters to have received relatively small
radiation doses. Therefore, a sample of 1292 chi.ldren
was selected including all 325 whose mothers were within
1500 m from the hypocenters, and randomly selected
comparison groups located 1500-1999m, 2000-2999 m,
and 3000-3999 m from the hypocenters. The comparison
groups were matched to the group within 1500 m by sex
of child, city, and month of birth.

Ascertainment of Mortality. Family registration has
been compulsory in Japan for nearly a century. Deaths
are routinely posted to these registries, and tests have
shown that the completeness of mortality recording exceeds
99%° In the present investigation the family registries
were consulted to learn of the deaths that occurred. Cause
of death was then obtained from the Japanese vital statis-
tics death schedule, a transcript of the death certificate.

Dosimetry. Using methodology provided by consultants
at the Oak Ridge National Laboratory™® and the National
Institute of Radiological Sciences of Japan,” ABCC
estimated the radiation dose to individual survivors.'’
These estimates are based on thousands of interviews,
which were required to obtain the individual parameters
of shielding for each survivor. For about 2% of the
children the shielding situation of the mother was so
complex that estimates of attenuation and dose were
impossible and are unknown. The estimates are of whole
body doses to the mothers since no satisfactory scheme of
estimating doses to the fetuses themselves has yet been
devised. However, from the dose to the mother it is
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possible to estimate a lower bound for the dose to the
fetus. The gamma radiation spectrum from a nuclear
device is very wide at distances beyond 500 m from the
epicenter, but about 80% of the energy is carried by
photons of 1 Mev or more.!'! Such energetic photons
are not greatly attenuated by tissue. According to
Glasstone'' the two principal sources of gamma radiation
from an atomic bomb are fission products and nitrogen
capture of neutrons. The attenuation provided by 10em
of water for these two kinds of gamma radiation are calcu-
lated to be only 30% and 22 % respectively. For neutrons,
the shielding effect of tissue or of amniotic fluid is greater,
but the capture of neutrons would be accompanied by the
generation of gamma radiation through nitrogen and
oxygen capture reactions. In any case, the neutron flux
in Nagasaki was very small'’ and, even in Hiroshima, at
1400 m from the hypocenter, the gamma dose was nearly
twice the neutron dose (38 rad vs 20 rad). Taking all this
into account, it is difficult to imagine that the doses to
the fetuses were less than one-half of the maternal doses,

and 60%-80%, in fact, seems a more reasonable estimate.

RESULTS AND DISCUSSION

The results can be stated quickly: During the first
10 years of life in this group of children, there was only
one death from cancer or leukemia. In January 1953,
a girl, born in March 1946, died of liver cancer. Her
mother had received an estimated 175 rad in Hiroshima
at a distance of 1136 m from the hypocenter. There were
two other deaths from malignancy, but not in the first
10 years: one from leukemia at age 18 (maternal dose,
Irad) and one from cancer of the colon at age 21
(maternal dose unknown, but less than 4rad, at 1950 m
in Hiroshima).

The observation of one death from cancer is not far from
the expectation of 0.75 at the 1960 Japanese national
death rates from cancer of 7.7 and 4.2 per 100,000 at
ages 0-4 and 5-9 respectively (Table 1 ].12 However,
Stewart and Kneale' propose 300-800 (mean 572) deaths
per million personrad in 10 years as the “extra” cancers
caused by irradiation of the fetus. Although our sample
size is not large, our accumulated doses are not small.
Even ignoring the 16 cases with dose estimates exceeding
500 rad, which seem suspect, the doses less than 500rad
accumulate to 34,933 person-rad. If we suppose that the
fetal doses were only half the maternal doses (and we
have given, above, our reasons for thinking this a lower
limit for the fetal doses) then there would be some
17,500 person-rad to the fetuses, and at the Stewart and
Kneale lower limit of 300 per 10° there should be 5.2
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TABLE 1| OBSERVED AND EXPECTED DEATHS FROM CANCER IN 10 YEARS

21 10ER Iz &1 54812

S BB & IR CH

Cancer deaths under 10 years

Maternal Maternal 10@FiEDEID S 28
Radiation dose Subjects person-rad
Ohserved Expected M#F7E
BEog R Ry B M- rad % 5 M At Japanese Extra at 572 per
national rates 108 per:;ac:in_zr;apd}}a?z)\
HESOECR mlallhtf\f i ) 3t B B 1018
<1rad 551 0.32
1-39 467 5495 0.27 31
40-299 215 22699 1 0.12 13.0
300-499 17 6739 0.01 3.9
500+ 16 29557 0.01 16.9
Unknown 4 26 0.02
Total it 1292 1 0.75 36.9

“extra” cancer deaths. We have nothing like this, from
which the conclusion would appear to follow that, even if
the Stewart and Kneale model be correct, the value of the
numeric coefficient for the ABCC experience is less than
the lower limit advanced by these authors. Given only one
death observed, the upper 95% confidence limit for the
expected number of deaths is 4.74. Among the children
whose mothers’ doses were in the range 1 to 499rad,
at Japanese national rates the number of expected deaths
is 0.40 (Table 1). Therefore, the largest number of “extra”
deaths with which our data would be consistent is 4.34
which corresponds to 124 per 10° person-rad using as
denominator the accumulated maternal 34,933 person-rad.
1f a 50% attenuation of dose to the fetuses were allowed,
the rate would be doubled to 248 per 10.°
series of fairly extreme assumptions has led to this upper

However, a

limit: we have ignored doses over 500 rad, assumed 50 %
attenuation of maternal doses less than 500rad, and
assumed a sampling result at the 5% point. It seems
reasonable to conclude that under the circumstances of
irradiation that our sample experienced, the rate of cancer
induction is not likely to be as much as 200 per 10°
person-rad.

MacMahon® reported a high incidence of leukemia and
other neoplasms in children whose mothers were exposed
to abdeminal or pelvic X-rays during the pregnancy, but
remarked that “although there is a minor trend toward
higher cancer risk in the heavier exposure categories,
it is far from significant.” However, MacMahon's data
are not really in contradiction with those of Stewart and
Kneale. If we assume an average of 1.5 roentgenograms
in MacMahon's category “one or 2 films”, 3 roentgeno-
grams for pelvimetry, and arbitrarily assume an average
fetal dose of 0.4 rad per roentgenogram, we can rearrange
the data from MacMahon's tables 4 and 8 as follows:
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Average Number Total

Cancer Rate per

of Films Dose 10,000 live hirths
T 7 4 LAt i 10,000-‘1‘—‘.@9’:‘, L’[ F= 0 gk
0 0 7.3
1.5 0.6 9.3
o 1.2 11.3

It will be noticed that the trend is linear, and amounts to
2 per 10° per U.6rad, or 333 per 10° perrad. Further,
since MacMahon did not have a full 10-year follow-up on
the whole of the study population, a rough cnrrectlon
would bring the estimated rate to about 400 per 10°
person-rad, a figure well within the range given by
Stewart and Kneale.

On the other hand, some authors™* have reported finding
no relation between prenatal irradiation and either cancer
generally, or leukemia in particular. The study by
Court Brown et al® is notable in that the authors had a
large sample and, like the other investigators cited here,
determined the radiation histories of the mothers from
records, not interviews, thus avoiding a potential bias of
recall. No excess of leukemia was found in a group of
more than 39,000 children, who were exposed in utero to
radiation during abdominal radiography or pelvimetry of
their mothers. One judges that the fetal doses must have
averaged at least 1rad, so that applying the Stewart and
Kneale estimated rate of 572 per 10° person-rad there
should have been about 22 “extra™ cancer deaths in the
first 10 years of life; about half would be leukemia, so
that an excess of about 11 cases of leukemia should have
been observed. In fact, the observed number was 9, and
the expected number was 10.5 at the relevant national
rates, so that, far from an excess, there was a small
deficit.?

We can suggest no simple resolution of these contradic-
tion. There appear to be several possibilities:

That Stewart and Kneale have over- estlmated the rele-
vant cancer induction rate: 572 per 10° person-rad may

be much too high.

That while the dose response curve may be approxi-
mately linear over a limited range of fetal doses - say
zero to Hrad, at higher values of dose the curve is
concave and for doses of the order of 100 rad or more
the response may be only a small portion of what would
be expected from simple extrapolation to high doses of
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the effects observed at low doses. Conceivably, such a
result might follow if there were an excessive spontane-
ous abortion rate for fetuses affected by large doses.

That high energy gamma radiation may be less effective
as a carcinogen than the X-rays used in diagnostic

roentgenology.

That other factors, apart from radiation itself, distin-
guishing the irradiated and non-irradiated fetuses may
be at least partly responsible for the difference in cancer
experience.

As is generally true for fetuses exposed to obstetric X ray,
the children reported by Stewart and Kneale were, for
the most part, in the third trimester: of those for whom
there were records 87 % were in the third trimester, and
only 4% in the first. The case-control ratio was much
higher for the first trimester children than for those
irradiated later in the pregnancy. Among the A-bomb
survivors, however, 32% of the children were in the first
trimester and only 29% in the third. The proportions of
the total maternal person-rad were nearly the same, 29 %
and 27% respectively. Since the proportion of first
trimester children was so much higher among the survi-
vors, it might have been anticipated from the Stewart-
Kneale data that the carcinogenic effect would be greater
in the Japanese experience, not less.

One weakness of most, though not all, of the studies
reported is that the mothers were irradiated for medical
reasons. [t is possible that mothers who have indications
for diagnostic, let alone therapeutic X-ray, are more likely
than others to have children who will develop cancer.
For example, MacMahon® has shown that primiparas are
much more likely to be X-rayed during pregnancy, and to
have pelvimetry, involving several exposures, than are
other prospective mothers who are X-rayed. He showed
further that first born children were at higher risk of
childhood leukemia than were later births. MacMahon
found that differences in birth order and in other variables
which he examined explained only part of the difference
in cancer, and especially leukemia, incidence between
children who had been X-rayed as fetuses and those who
were not. It surely seem$ possible that there are other
differences, apart from those which have been examined,
that explain part or all of the difference in the occurrence
of cancer in the first 10 years of life between children
who were X-rayed in utero and those who were not.

Griem et al* were able to avoid the possible problem
caused by medical selection and, in fact, found no excess
of leukemia or of other cancers in offspring of mothers
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who had undergone pelvimetry as a routine procedure
although there was excessive mortality attributed to benign
neoplasms, especially hemangiomas. Unfortunately, the
exposed children numbered only 1008, so that the
negative finding is not necessarily inconsistent with an

increased risk.

The experience of A-bomb survivors who were born
hefore the bombs, but were irradiated as children less
than 10 years old may be relevant. In addition to
leukemias, other cancers have been increased among the
821 children who received doses of 100 rad or more."
Observation did not begin until October 1950, 5 years
after the bombs. However, apart from leukemia, no cancer
death was noted among these children until 1958, 13 years
after the relevant exposure. It seems, to say the least, a
puzzle why X-ray doses of the order of 1 to 5rad to third
trimester fetuses should cause cancers within 10 years
whereas (largely) gamma ray doses exceeding 100 rad to
children below 10 years should produce cancers only
after a latent period of 13 years or more.

In short, the various studies that have been reported of
juvenile cancer in relation to prenatal exposure to ionizing
radiation have shown disparate results. Study of the
question is complicated by the presence of known and,
very likely unknown, confounding factors. Stewart and
Kneale have made a significant contribution in advancing
a specific model that can be tested in various contexts.
That model, however, seems not to fit well with the
experience of the A-bomb survivors in Japan, not at least
without drastic revision of the value of the parameter
proposed by these authors.
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