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Summary.—A re-analysis of published data from the Oxford Childhood Cancer
Survey shows that the frequency of leukaemia and of solid cancers in childhood is
greater following antenatal x-radiography, not only in singleton births but also in
monozygotic and dizygotic twins. The radiography rate was 10%, in singletons and
559, in twins. A similar excess of leukaemia and of solid cancers in the x-rayed
with such different rates of radiography is strong evidence for irradiation as the
cause. The low observed frequency of malignant disease in Japanese bomb sur-
vivors exposed in utero may not be in serious conflict with this conclusion, as has been

supposed.

THE FIRST association between ante-
natal diagnostic x-irradiation and a
subsequent increase in leukaémia and
other childhood cancers was reported
nearly 20 years ago (Stewart et al., 1956;
Stewart, Webb and Hewitt, 1958). A
number of other surveys were made in
the next few years, some confirming and
some denying the association, but all of
them in fact statistically compatible with
the original finding of a 40-509, increase
in deaths from malignant disease before
the 10th birthday (MacMahon and Hutch-
inson, 1964). Even now, however, it
can be claimed that there is no proof
of a causal association and by inference
or explicitly that the association is simply
the consequence of a higher rate of
diagnostic radiography in those foetuses
predetermined to have a higher cancer
rate anyway (Miller, 1969; Burch, 1970,
1974). Of course, such a hypothesis
of coincidence does not of itself refute
a hypothesis of causality or wvice versa;
both could be true. There have been
two main observational problems. First,
there seemed to be no comparable popula-
tions of foetuses with widely differing
rates of exposure to x-rays which would
allow the respective strengths of coinci-
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dence and causality to be compared.
Secondly, Japanese bomb survivors irradi-
ated in utero have shown only a very
small excess of cancer, given certain
assumptions far smaller than might be
expected from the risk estimates derived
from studies of antenatal diagnostic radio-
graphy (Jablon and XKato, 1970). It
now seems possible to go some way to
resolve both these problems and so to
conclude that antenatal diagnostic radio-
graphy is truly carcinogenic, whether or
not there is also a degree of selection for
radiography of those with an above
average cancer Trisk even when not
radiographed.

Comparative observations on twin and
singleton births

Stewart (1973az, b) has published
data on the numbers of fatal leukaemias
and solid cancers in twins, of whom
559, were radiographed, and in singleton
births, of whom 109, were radiographed.
These allow calculation of death rates in
the first 10 years of life (Table I). Twins
of opposite sex are clearly dizygotic.
It is commonly assumed with almost
complete justification that there must
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TABLE I.—Leukaemias and other Malignancies in First 10 Years of Life for Singleton
and Twin Births According to Antenatal z-ray Exposure (data of Stewart 1973a, b)

Singletons* Twinst
Opposite )
sex Like Mono-
Births All (dizygotic) sex zygotic
Still birth rate (%) 2-1 5.7 4-0 5-7 7-9
Live born 14771901 353114 127245 225869 98624
Proportion x-rayed 0-10 0-55 0-55 0-55 0-55
Leukaemias: x-rayed 511 51 17 33 16
not x-rayed 2955 19 9 9 0
Solid cancers: x-rayed 580 60 22 38 16
not x-rayed 3482 31 12 17 5
Rate per 100000
Leukaemias: x-rayed 34-6 26-3 24-3 26-6 29-5
not x-rayed 22-8 12-0 15-7 8-9 nil
Solid cancers: x-rayed 39-3 30-9 31-4 30-6 29-5
not x-rayed 26-9 19-5 21-0 16-7 11-3
Additional risk due to radiation
per 100000
Leukaemias 11-8 14-3 9 18 29
Solid cancers 12-4 11-4 10 14 18
Relative risk in irradiated com-
pared with unirradiated
Leukaemias 1-5 2.2 1-5 3:0 + 4
Solid cancers 1-5 1-6 1-5 1-8 2-6

* The number and x-rayed proportion of singletons from Stewart (1973a).

The numbers of leukaemias

and solid cancers are given for singletons plus twins in Table III of Stewart (1973b) and subtraction of

the twin data gives the numbers for singletons alone.
are identical (Stewart, 1974 personal communication).
The radiography rate was very similar for like sex twins and opposite

t Twin data from Stewart (1973a).

The populations considered in Stewart (1973a, b)

sex twins, with no significant differences either in the Oxford Childhood Cancer Survey or in the 1958
perinatal survey (Stewart, 1974, personal communication).

be a similar number of dizygotic twin
births of like sex and this allows the
number of monozygotic twin births to
be derived by subtraction from the total
of births of like sex. It may also be
assumed that the deaths from malignant
disease in dizygotic twins will be the
same for like sex twins and for twins
of opposite sex, so that the corresponding
deaths for monozygotic twins can also
be derived. The published data allow
these calculations to be made separately
for x-rayed and non x-rayed foetuses
although there must be some small error
because the sex of 2 of 70 twin leukaemias
and of 2 of 91 twin cancers was not
recorded (Stewart, 1973a); these therefore
have to be omitted. Death of one twin
in ulero and survival of an apparent

singleton will only reduce differences
between singletons and twins (Hewitt and
Stewart, 1970).

When singleton births and all twins
combined . are compared, Table I shows
that non x-rayed singletons had a leuk-
aemia rate almost twice that of non
x-rayed twins and a rate for solid cancers
also larger but less so. X-rayed
singletons and twins each showed higher
rates than the non x-rayed and the
numerical increase associated with radio-
graphy was about the same for each
type of birth and each class of malignant
disease, in the range 11-14 cases per
100,000 radiographed. The proportion-
ate increase was also similar, except for
leukaemia in twins.

Separate analysis of presumed mono-
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zygotic and dizygotic twins (Table I)
shows that the death rate from leukaemia
and solid cancers in non x-rayed foetuses
was smaller for each kind of twin than for
singletons, but that dizygotics were much
more like singletons than monozygotic
twins. The excess of leukaemias and
solid cancers in the x-rayed was similar
in singletons and in dizygotic twins.
The somewhat smaller excess of leuk-
aemias and solid cancers in the latter is
as might be expected because there is
a larger proportion of single film examina-
tions and therefore a somewhat smaller
mean radiation dose for twins than single-
tons (cf. Stewart and Kneale, 1971).
This factor makes the increase in leuk-
aemias and solid cancers in x-rayed
monozygotic twins even more noteworthy.
The numerical increase associated with
radiography was 2-3 times higher in
monozygotic than in dizygotic twins
(and the proportionate increase corres-
pondingly greater).

Comment: Dizygotic twins will have
the same genetic diversity as singleton
births and their genetically determined
predisposition to cancer would be ex-
pected to be broadly similar unless there
is some influence of twinning qua twins.
Their rates for leukaemia and for solid
cancers were in fact similar, both when
x-rayed and when not x-rayed. The
only effect of twinning per se might be
the 20-309, smaller rates in unirradiated
dizygotic twins compared with unirradi-
ated singletons. This could be asso-
ciated with the greater perinatal mortality
of such twins as compared with singletons
(Table I) if Stewart’s (1973a) hypothesis
is accepted that malignant disease which
kills in childhood is often initiated very
early in development, and that foetuses
and newborn infants who are incubating
as yet unrecognized malignant disease
are over-represented among perinatal
deaths. A 20-309, loss, however, is not
very important quantitatively in the
present context. Moreover, it would
affect the baseline, the predetermined
cancer experience, to a similar degree
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in both the irradiated and unirradiated,
and would thus not affect the numerical
excess consequent on irradiation. A selec-
tive perinatal loss of twin cases of malig-
nancies in the non x-rayed would indeed
inflate the calculated ratios of observed
to expected numbers in the x-rayed, and
such ratios may therefore be less valuable
indices of radiation effects than the
simple numerical excess of cases in the
irradiated above the unirradiated. The
excess rate per 100,000 was the same
within  20-259%, for dizygotic twins
and for singletons for both leukaemia
and solid cancers, and the difference
is of about the degree expected
from the probable differences in average
dose.

A comparison of singleton births, of
whom 109, were irradiated, and dizygotic
twins, of whom 559, were irradiated,
should provide a critical test of the
interpretation that all the excess malig-
nant disease after irradiation in wutero is
the result of selection of the cancer prone
for radiography. If this was the case.
the excess cancer rate in x-rayed dizygotic
twins should be much less than the
excess in x-rayed singletons. Since the
excess cancer rate per 10° is so similar,
9-12 for leukaemia and 10-12 for solid
cancers (Table I), the greater part of
the excess must be attributed to causa-
tion, an excess of 2-3 being the maximum
attributable to selection of the cancer
prone. There was no difference in the
frequency of radiography among surviving
twins and those dying perinatally, 58-0°,
and 56-79, respectively, whereas the
corresponding frequencies in singletons
were 119, and 22-59, (data of 1958
perinatal mortality survey cited by Stew-
art, 1973a). It does not seem at all
likely that specific perinatal and infant
mortality in the irradiated reduced the
observed death rate from malignant
disease in childhood by a factor of 4-5
for singletons and not at all in dizygotic
twins, the extent of the change required
if the similarity in excess rates of leuk-
aemia and of cancers in the x-rayed is to
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be attributed to selection of the cancer
prone for radiography.

Monozygotic twins differ from di-
zygotic twins and singletons in many
respects. Their still birth rate and infant
mortality rate is far higher (Barr and
Stevenson, 1961) and in the non x-rayed
the death rate in childhood from leukaemia
and from solid cancers is clearly smaller
(Table I). The complete absence of
leukaemias may be an artefact of small
numbers. Hewitt and Stewart (1970)
wrote that ‘“ the deficit of like sex pairs
not x-rayed implies selective elimination
of twin zygotes from neoplasms the result
of cell damage incurred at or shortly
after conception ”’. Table I shows that
the deficit in like sex twins is very largely
the consequence of a much larger deficit
in monozygotic twins and, if so, this
suggestion as to cause must apply in
much greater degree to monozygotic than
to dizygotic twins and cannot be due
simply to twinning. An alternative ex-
planation which does not invoke ‘‘ cell
damage ” at or shortly after conception,
is specific to monozygotic twins and
particularly applicable to leukaemia. If
leukaemia originated in one twin, it
would have a high chance of affecting
the other twin as a consequence of
migration of cells from the one mono-
zygotic twin through a common chorion
into a perfectly histocompatible host, the
other twin (cf. MacMahon and Levy,
1964). In fact, there seems to be a very
high frequency of concordance between
monozygotic twins dying of leukaemia in
the first few years of life (MacMahon and
Levy, 1964; Keith and Brown, 1970).
Whatever the mechanism underlying this
concordance, there must be severe selec-
tion pressure against a simultaneous
genetic predisposition to ‘* spontaneous
leukaemia and to monozygotic twinning,
and this would lead to a low natural
leukaemia rate in unirradiated mono-
zygotic twins. The same argument might
even account for such twins having a
lower frequency of solid cancers: in the
embryo, if not in the foetus, some migra-
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tion of tumour cells from one twin into
the other is not an unreasonable thing
to imagine. It would be interesting to
learn the facts about the numbers of
concordant cancers in pairs of mono-
zygotic twins separately (cf. Stewart,
1973b).

There is no more selection for radio-
graphy of monozygotic than of dizygotic
twins and effects of twinning qua twins
must be the same. Thus, it is note-
worthy that, as judged by the numerical
excess of cases, the sensitivity to radiation
induction of malignant disease seemed
to be 2-3 times larger in monozygotic
twins than in dizygotic twins. There
is no definite explanation: irradiation is
most frequent in the third trimester and
migration of cells from one twin to
another may seem increasingly unlikely
as pregnancy progresses, and would also
imply that much of the radiation induced
excess in monozygotic twins would be
attributable to the occurrence of twin
pairs carrying the same type of cancer.
If so, there would be no need to postulate
genetically determined differences between
monozygotic twins and others in suscepti-
bility to carcinogenesis by ionizing radia-
tion. Whether or not this is so, the
data on monozygotic twins show an
inverse correlation between natural and
radiation induced frequency of malignant
disease, not the positive correlation ex-
pected if the association of radiography
and increased cancer frequency was the
result of selection of the cancer prone
for radiography, and thus confirm the
causal relationship between antenatal
exposure to irradiation and a subsequent
increase in malignant disease.

Japanese bomb survivors irradiated in utero

These are a special subgroup in the
long term follow-up of the survivors at
Hiroshima and Nagasaki. Each survivor
has provided a detailed statement of
exactly where he or she was at the time
of the atom bomb explosions and this,
taken in conjunction with detailed and
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elaborate studies of the radiations pro-
duced by the bombs and of the modifica-
tions in flux according to the scattering
and shielding by air and by building
materials of various kinds, has enabled a
reasonably accurate estimate to be made
of the radiation dose for each individual
survivor, although there is a minority of
cases where this has so far proved impos-
sible. Jablon and Kato (1970) and Kato
(1971) provided the data on cancer
deaths over the period 0-24 years after
exposure on survivors irradiated ¢n utero
classified according to maternal dose.

The frequency of induced malignancy
might be expected to increase with
increasing radiation dose and a linear
relationship is commonly postulated.
Given these assumptions Jablon and
Kato (1970) showed that there were far
fewer tumours after antenatal irradiation
in bomb survivors than would be expected
from the estimates of risk per rad of
diagnostic x-rays provided by Stewart
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and Kneale (1970a). Jablon and Kato’s
(1970) argument was as follows: The
whole population of Japanese bomb sur-
vivors irradiated in utero included 1 cancer
death between 0 and 10 years of age
(Table II). The number of cancers ex-
pected from national statistics for those
receiving 1-499 rad (maternal dose)=0-40
so that the excess=0-60. The upper
959%, confidence limit of 1 case=4-74
cases, making the corresponding limit for
the excess 4-34 cases. The total maternal
rad =34,933 (but see footnote (e) Table II)
and the corresponding values for the
mean and for the upper limit of the risk
per million maternal rad are then 17
and 124 respectively. The foetal dose
will be smaller than the maternal because
of attenuation of radiation in the body
of the mother, a reduction at most by a
factor of 2, which will raise these values
to at most 34 and 248. The only
numerical estimate of the risk for ante-
natal diagnostic radiography available to

TaBLE II.—Japanese Atom Bomb Survivors Irradiated in utero: Radiation Doses,
Number of Subjects and Number of Deaths from Malignant Diseased, and Calculation
of Risk Coefficient per Rad on the Linear Hypothesis for Carcinogenesis According
to Various Postulated Hypotheses for Retention of Reproductive Integrity

Deaths from

malignant disease

Postulated fractional retention

0-10 years old

of reproductive integrity
A

Dose No. of cases Maternal-rad
rad exposed in utero Observed Expected (thousands) Al Be
<1 551 0 0-32 nil — —
1-9 244 0 0-14 5-5 1 0-8-0-9
10--39 223 0 0-13
40-179 180 1 0-10 14-34 0-7 0-3-0-4
180-299 35 0 0-02 8-4d 0-3 0-05-0-1
300-499 17 0 0-01 6-7 0-05 0-01-0-02
5004 16 0 0-01 29-6 small small
Unknown 26 0 0-01 —
Carcinogenically effective maternal-rad (thousands) on 34-9¢ 18 9-12
linear induction hypothesis
Corresponding induction rate per million per rad/f 17 30 50—70
@ Data derived from Table T of Jablon and Kato (1970) and Table 1T of Kato (1971).
b A type C sterilization curve with shoulder N = N[l — (1 — e=AP)2] with 2 = 0-01 and n = 2-7 so

that Dy = 100 rad.
¢ B strictly exponential sterilization curve N
1974).

Nge il with 2 = 0-01-0-013 (cf. Cox and Masson,

@ Estimated by author from the summed value of 22-7 Krad for the dose range 40-299 rad.
¢ Jablon and Kato (1970) excluded from consideration ““ the 16 cases with dose estimates exceeding

500 rad, which seem suspect’’.

/ Derived by dividing the excess deaths from malignant disease (observed-expected) by the carcino-
genically effective maternal-rad = X (maternal-rad x fractional retention of reproductive integrity).
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Jablon and Kato was 572 per million
foetal rad, 959, range 300-800 (Stewart
and Kneale, 1970a). Thus, the two sets
of observations seemed irreconcilable.

However, the estimate of risk for
antenatal diagnostic radiography depends
on assessments of the mean dose per
examination, which can vary several-fold.
The actual dose received by an individual
foetus in the course of pelvimetry varied
by more than 2 orders of magnitude in
U.K. in 1957 (Adrian Committee, 1960,
Fig. 5F), and there are other uncertainties
relating to changes in radiographic tech-
nique over a period of 20 years. Stewart
and Kneale (1970c) felt that 356 and
291 were as good mean values of risk as
572 and for the same data UNSCEAR
(1972) chose the value of 240 (with a
959, range persumably of the order of
120-360 per million per rad). The upper
limit of the risk derived from Japanese
data for bomb irradiation can then be
regarded as compatible with the estimates
for diagnostic radiography, but only if
all the assumptions in the calculations are
chosen with that intent.

On the other hand, the basic assump-
tions underlying these comparisons may
be in error. It is not in fact the case
that increasing radiation dose always
leads to an increased frequency of induced
malignancy (Mole, 1973). It is the general
rule, both in experimental work and in
observations on man, that there is an
optimum radiation dose and that for
larger exposures the frequency of induc-
tion per unit dose decreases. There is
an elementary radiobiological reason for
this. Whatever the mechanism of cancer
induction, there must be a multiplication
of the transformed cell or cells before the
cancer can become clinically evident.
Tonizing radiation can kill cells and can
sterilize them so that, though viable for
a time, they cannot reproduce. Thus,
the observed frequency of induced malig-
nant disease after doses in the cell
sterilizing range will always be less than
the frequency expected from the induc-
tion process. The deficiency will increase
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with dose in proportion to the increasing
probability of sterilization of cells which
would otherwise have been able to divide
and so form a ‘ tumour”. The idea
was first applied quantitatively by Gray
(1965) and has proved applicable to
other experimental data and to observa-
tions on cancer frequencies in irradiated
human populations (Mole, 1974). When
applied to the data on antenatal exposure
of human foetuses, the discrepancies
outlined above are reduced to acceptable
levels.

Cell sterilization by ionizing radiation
is exponentially related to radiation dose

N = NP

where
N, = initial number of cells
N = number of cells surviving with
maintained reproductive integrity
A = a constant which may be charac-
A teristic of the cells concerned
D = radiation dose.

With x-rays and y-rays in vitro there is
commonly a shoulder on the relationship
so that for doses from D = 0 to about
D = Dg the response is less than expo-
nential. However, tn vivo observations
suggest that the presence or absence of
a shoulder in haemopoietic tissue de-
pends on the level of cellular activity
(Corp and Mole, 1974) and the only
available data on freshly isolated human
foetal cells (as distinct from the established
mammalian cell lines on which almost
all other radiobiological work has been
done) have shown a strictly exponential
response without shoulder (Cox and
Masson, 1974).

The data on numbers of cases and
maternal dose for bomb survivors irradi-
ated ¢n utero are given in Table II together
with estimates of the fraction of cells
surviving with maintained reproductive
integrity using the value for A found
directly for human foetal cells by Cox
and Masson (1974). The surviving frac-
tion for a given dose group multiplied
by the total radiation exposure of that
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group in person-rad will then give the
effective contribution of that group to
the expected frequency of induced cancer
in the population, given that the induction
process is linear with dose. Table II,
column B, shows that this increases the
estimate of risk per rad by a factor of
3—-4 so that the mean value (using Jablon
and Kato’s assumption that foetal dose
is half maternal) = 100-140 per million
foetal rad with a 959, upper limit of
perhaps 800 or so. The agreement with
antenatal radiography is quite close. It
makes a considerable difference, however,
whether or not there is a shoulder to
the sterilization curve. With the same
value for A but with a shoulder D¢ = 100
rad, not an unreasonable value to assume
for the generality of mammalian cell
lines established in culture and for esti-
mates of radiobiological responses in
viwvo (Mole, 1965), there is much less
increase in the estimated induction rate
for the distribution of person-rad against
dose in the Japanese bomb survivors
irradiated ¢n utero (Table 11, column A).

Comment: There is no need to invoke
any special explanation for the differences
between risk estimates derived from
bomb survivors and from antenatal diag-
nostic radiography. The differences do
not seem to require an assumption that
women radiographed during pregnancy
are a medically selected group (Burch
1970, 1974), or that there was a selective
loss of irradiated foetuses and children
in Japan because of abortion or post-natal
malnutrition or infection (Stewart and
Kneale, 1970c). In fact, post-natal mor-
tality was perhaps surprisingly little
affected in those irradiated in wutero
(Kato, 1971; MacMahon, 1972a). It
should be noted, moreover, that the
proportion of the maternal dose due to
neutrons was much higher at Hiroshima
than at Nagasaki and that the Japanese
information about irradiation in wtero
comes predominantly from Hiroshima.
Neutrons are more effective per rad in
sterilizing colls and characteristically have
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no shoulder on the response curve. They
are also more carcinogenic than gamma-
rays or x-rays but the sterilizing action
may markedly reduce the expected yield
of malignant disease (Mole, 1974). The
effects of these differences on expectations
for cancer yield in bomb survivors irradi-
ated ¢n utero are not yet amenable to
quantitative study and, until they are,
apparent differences between bomb sur-
vivors and those receiving radiography
do not cast doubt on either set of
observations.

Japanese exposed post-natally to atom
bomb irradiation and followed for up
to 25 years have shown an excess incidence
of leukaemia and other fatal malignancies
per rad very considerably larger than
the mean value for Japanese exposed in
utero (Mole, 1974). All the Japanese
bomb survivors were exposed to the
same qualities of radiations. The defi-
ciency in induced malignant disease in
those irradiated ¢n wutero compared with
those irradiated post-natally is as large
and striking as the corresponding differ-
ence from antenatal radiography. The
great bulk of the tumours following
antenatal radiography are embryomata
(Stewart and Kneale, 1970b) and to
explain the deficiency in bomb survivors
irradiated in wutero in terms of cell
sterilization is really to invoke steriliza-
tion of those particular classes of cell
from which embryomata develop (Mole,
1974).

Other recent information

About 10,000 white and 10,000 black
children who were irradiated antenatally
were followed prospectively for 7-20
years and compared with nearly double
the number of matched controls who were
not so irradiated (Diamond, Schmerler
and Lilienfeld, 1973). The authors found
““a three-fold higher leukaemia death
rate ”’ in irradiated white children than
in their controls ““a finding consistent
with previous studies”. The observed
numbers of leukaemias and other malig-
nancies in the x-rayed are given in
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TaBLE II1.—Deaths from Leukaemia and from Other Malignancies in the Baltimore
Prospective Study (Selected Data from Tables 5 and 7 of Diamond, Schmerler

and Lilienfeld, 1973)

White Black Total
Total person—years Controls 156141 123259 —-
X-rayed 79763 72578 —
Leukaemia Controls Observed 4 3 7
X-rayed Observed 6 0 6
Expected 2:0 1-8 3-8
Other malignancies Controls Observed 9 7 16
X-rayed Observed 4 3 7
Expected 4-6 4-1 8-7
All malignancies Control Observed 13 10 23
X-rayed Observed 10 3 13
Expected 6-6 5-9 12-5

The expected number in the x-rayed = no. in controls x

children of the same colour.

Table I1I, together with the expected
numbers derived from control data. The
increase in leukaemia in x-rayed whites
is no more significant than the decrease
in leukaemia in x-rayed blacks and the
overall conclusion is that a total of 12-5
malignancies was expected in the x-rayed
and 13 were found. Given the small
numbers this is compatible with the
increase of 40-509, expected from the
combined data of other surveys (Mac-
Mahon and Hutchinson, 1964).

The claim by Bross and Natarajan
(1972) that antenatal radiography causes
little leukaemia in  non-susceptible
individuals but a leukaemia risk an order
of magnitude higher in ‘ susceptible ”
subjects has been criticized by McMahon
(1972b). Bross and Natarajan made a
serious error in stating that radiation
exposures correlated with leukaemia and
with indices of susceptibility were ‘ intra-
uterine . They used the basic data of
the tri-state survey as did Graham et
al. (1966) before them and Graham et
al. stated specifically that there were
only 27 examples of abdominal irradiation
during pregnancy, or 8:6%, amongst a
total of 313 cases of leukaemia. Bross
and Natarajan (their Table II, 1972)
recorded 92 cases of “‘ exposure to intra-
uterine radiation ” out of a total of 295
cases of leukaemia, an exposure rate of
319%,, very close to the rate for all irradia-

person vears for x-rayed

person years for controls

tions during pregnancy, abdominal plus
others, given by Graham et al. (1966)
(their Table XIII, 1966). It has often
been postulated that radiation is especially
effective as a carcinogen in particular
subgroups of the population but objective
evidence is difficult to come by. Perhaps
monozygotic twins provide a valid
example.

Oppenheim, Griem and Meier (1974)
have provided a 19-year follow-up study
of about 1000 subjects who were irradiated
tn utero in the course of pelvimetry.
The pelvimetry was intended to be
applied as a routine to all primapara and,
although about 209, escaped examination,
selection of possibly cancer prone foetuses
for irradiation must have been much
less than in any other irradiated popula-
tion, except the bomb survivors. The
authors discussed ways in which biasing
factors can affect follow-up studies of
subjects irradiated in wutero but agreed
that their own survey was far too small
to be informative about leukaemia and
cancer.

DISCUSSION

There are well established correlations
between cancer frequency and particular
aspects of pregnancy. Leukaemia is com-
moner in the first born and in some
sibships the occurrence of two or more
children with cancers of the same organ
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or tissue is far commoner than would be
expected by chance. Exposure of the
foetus to diagnostic x-radiography is
never randomized and a comparison of
cancer frequency in the x-irradiated and
the unirradiated must always involve
uncontrolled variables.

Russell (1970), cited with approval
by Burch (1974), listed 6 factors specifying
groups who were more likely to be radio-
graphed than normal and who all have
a cancer risk higher than normal even
when not radiographed: (1) First born
children. MacMahon (1962, Table V)
found a similar excess of malignant
disease in x-rayed compared with not
x-rayed when birth order was allowed for;
(2) Higher social class and colour (white)
of mother. In USA these are usually
highly correlated. = MacMahon (1962,
Table V) found a similar excess of malig-
nant disease in x-rayed compared with
non x-rayed when social class was allowed
for, as judged by whether a patient was a
private paying patient or a clinic patient.
In his series non-white mothers were
almost exclusively clinic patients so this
comparison takes account of both
variables. In fact, the relationship be-
tween higher social class and colour and
rate of radiography was the inverse of
what Russell supposed. The radiography
rate in the clinic patients was the higher
at 269, and independent of colour, much
greater than in white private paying
patients (overall radiography rate 10-69,
for the whole survey); (3) Children sur-
viving a threatened abortion or with a
maternal history of abortion; and (4)
children of mothers aged over 40 years.
The relationship between antenatal x-ray
and subsequent cancer incidence does not
seem yet to have been examined separately
in these and in other children.

Further comparisons are provided here
for singletons and monozygotic and di-
zygotic twins. Whenever a population
has been subdivided into classes differing
in their natural expectation of malignant
disease, there has been a similar excess
of malignant disease in those x-rayed
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as foetuses as compared with those not
so x-rayed. It seems to be especially
important that the x-ray associated excess
frequency of leukaemia and of solid
cancers was quantitatively very similar
in singletons, of whom 109%, were radio-
graphed, and in dizygotic twins, of whom
55%, were radiographed. The proportion
of the x-ray associated excess which is
the result of selection must have been
quite small. The only alternative to
acceptance of a causal relationship to
radiation is to postulate an interaction
between two other factors which happens
to give the same numerical result.

Acceptance of the causal relationship
also means accepting that radiation in
the dosage given by diagnostic radio-
graphy is carcinogenic, at any rate for
the foetus. But much higher doses in
Japanese bomb survivors exposed 1in
utero, up to 500+ rad, were much less
carcinogenic (Jablon and Kato, 1970).
Several different factors are concerned in
what can only be approximate estimates
and, when the appropriate allowances
are made for these, there is no reason to
conclude that the Japanese data deny
the carcinogenic action of antenatal diag-
nostic radiography. Moreover, if any
observations are out of line with expecta-
tion, it is the Japanese data for in wutero
irradiation, not the data for antenatal
radiography. The risk of induced malig-
nant disease during the first 25 years
after exposure for Japanese bomb sur-
vivors irradiated post-natally over the
same dose range is in the region of 100
cases per million persons exposed per
rad (Jablon and Kato, 1972; Mole, 1974).
The risk for antenatal radiography is
of the same order at 240 cases per million
per rad (UNSCEAR, 1972).
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