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only for multiple myeloma. Moreover, as the
authors acknowledge, analyses of various
cohorts of radiation workers (which overlap
in part with the cohort studied by Kneale
and Stewart) in the United States and
elsewhere3 4 find no evidence of statistical
incompatibility between the cancer risks
associated with such occupational exposure
and those found in the survivors of the
Japanese atomic bombs.6 Consequently, we
think that little weight should be attached to
the results of the paper of Kneale and
Stewart.
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Author's reply-Most of the difficulties which
Little and Sharp have with our paper would
seem to stem from a failure to understand
that our statistical methods were simply
practical applications of the general theory
of nested likelihood ratio tests. This theory
is a very general method of identifying statis-
tical tests that have a wide range of optimum
properties provided one has a sufficiently
general statistical model of a parametric kind
that describes how the data might have been
generated, and provided this model satisfies
certain easily checkable mathematical
restrictions. Why this is so can be discovered
in any general text book of mathematical
statistics, either the one referenced in our
paper-namely, Kendall and Stuart'-or the
one preferred by Little and Sharp-namely,
Cox and Hinkley-'

For studying the relation between radia-
tion and carcinogenesis relevant parametric
models can be found in Breslow and Day.3
For example, how intuitive ideas about a
case-control study can be justified by mak-
ing use of a parametric model is shown in
Vol I page 248, and two formulae for para-
metric models for cohort studies are given in
Vol II page 186. The choice of which formu-
la depends upon whether the cohort study is
progressing in continuous time (first formu-
la) or in discrete units of time (second
formula). We naturally used the second for-
mula as our radiation doses were only avail-
able as annual totals.
The mathematical techniques and limited

computer facilities available in 1980 did not
allow direct (case-control) methods to be
used in cohort studies. Therefore, Vol II of
Breslow and Day deals mainly with studies
where various approximations (such as
Poisson regression when person-years at risk
can be calculated) lead to the standard pro-
cedures recommended by Little and Sharp.

But although we made use of the formulae
on page 186, our numerical methods (for
completing the necessary maximum likeli-
hood calculations) differed from the ones
recommended by Breslow and Day over 15
years ago.

If new variations of standard methods
were not allowed there would be little
progress in science. Nevertheless, as we
agree with our critics that any new method-
ology should have its results checked against
standard methods, we included in our paper
two tables expressly for this purpose. Thus
table 7, which includes the basic nested like-
lihood ratio tests and parameter estimates by
maximum likelihood, shows that the most
important of the three extra variables influ-
encing relations between radiation and car-
cinogenesis was exposure age. This is
important because virtually all of our models
which had included an optimised minimum
value for critical exposure age were signifi-
cant at the 5% or 1% level, whereas the
models without an optimised value for this
variable had much lower levels of signifi-
cance. Then comes table 9, which shows the
results of testing the null hypothesis of no
radiation effect by a method exactly equiva-
lent to the standard one recommended by
Little and Sharp, but uses the windowed
doses prescribed by optimised values of min-
imum critical exposure age and minimum
critical latency. Consequently the signifi-
cance levels in this table (which lay between
1% and 0-1 %) and which were calculated by
the standard formulae, had greater strength
than the ones in table 7, as they did not take
account of the window restrictions.

It should also be noted that although in
two papers which used the standard meth-
ods approved by Little and Sharp,4 s lip
service was paid to the idea that latency was
important-by lagging for doses at stated
intervals-this was a very crude method of
estimating optimal latency compared with
the one we used.

Having explained the theory behind our
methodology, it is time to turn to the more
detailed criticisms of the Little and Sharp. It
is true that in our analysis the critical mini-
mums for exposure age and latency were
confined to values of integral years as, with
dose estimates only available for whole
years, we were forced to use the discrete
time formula of Breslow and Day. However,
with maximum likelihood as the method of
risk estimation, the integral year estimate
would necessarily have a slightly lower maxi-
mum than any fractional year estimates for
continuous doses. Therefore, as our calcu-
lated level of significance was based on inte-
gral years, it provided a less rigid test of the
null hypothesis than one based on daily or
weekly doses, and thus left us "playing safe".

Little and Sharp's criticism of the degrees
of freedom estimate for a window which
allows a zero estimate of effective dose,
shows some confusion in their minds about
the standard tabular X2 (which has many
degrees of freedom for testing independence
in tabulated data) and the X2 corresponding
to generalised deviance in the nested likeli-
hood ratio theory. The degrees of freedom
for this XI depend not on the number of cells
in some mythical table containing all the rel-
evant data, but on the number of variables
being estimated. The situation is exactly
analogous to the formulae used by Gilbert et
a14 and Cardis et al5 for calculating the sig-
nificance of their results based on lagged
dose estimates. By this method some work-
ers with recorded doses were left with an

effective dose of zero. But this no more
altered the approximate normal distribution
of their test statistic, than it would have
altered the approximate %2 distribution aris-
ing in the nested likelihood ratio theory.

Finally, for anyone interested in this arena
of statistical theory, it may be of interest to
know that the theory of nested likelihood
ratio tests was discovered by combining the
standard (tabular) X2 with the standard
analysis of variance ratio of X2s, and that was
how X2 came to be relevant. All this can be
investigated either in Kendall and Stuart or
in Cox and Hinkley.
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Parental exposure to radiation and
childhood cancer

This study' was referred to by Roman et al
(p 78)2 as a "study linking dosimetry infor-
mation contained within the National
Registry of Radiation Workers (NRRW)
with records of childhood cancer held in the
National Registry of Childhood Tumours
(NRCT)". This statement needs amplifica-
tion. From the outset, the Oxford Survey of
Childhood Cancers (OSCC) has been a
partner in this project. Identifying particu-
lars for some 40 000 parents have been
abstracted from the interview records of the
OSCC; these data are not contained within
the files of the National Registry of
Childhood Tumours.
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Offspring sex ratio as an indicator of
reproductive hazards

Editor-In a recent letter the sex ratio was
discussed as an indicator of occupational
exposures.' 2

The sex ratio at birth is a prevalence mea-
sure reflecting the sex programming at the
time of conception and the survival until
birth. The sex ratio has been suggested to
reflect the hormone concentration at the
time of conception.' 3 4According to this
hypothesis high levels of gonadotropin
changes the ratio towards more girls.
External exposures may have this effect as
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