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A METHOD OF ESTIMATING COMPARA-
TIVE RATES FROM CLINICAL DATA.
APPLICATIONS TO CANCER OF THE
LUNG, BREAST, AND CERVIX!

Jeromx Cornvrerp, Naiionat Cancer Imstitute, National
l{l”:am of Health, U, S. Public Health Service, Bethesda,

96  Evolution of Epidemiologic Ideas

A frequent problem in epidemiological research is the attempt to deter-
mine whether the probability of having or incurring a stated disease, such
as cancer of the lung, during a specified interval of time is related to the
possession of & certain characteristic, such as smoking. In principle,
such & question offers no difficulty. One selects representative groups
of persons having and not having the characteristic and determines the
percentage in each group who have or develop the disease during this
time period. This yields a true rate. The difference in the magnitudes
of the rates for those possessing and lacking the characteristic indicates
the strength of the association. If it were true, for example, that & very
large percentage of cigarette smokers eventually contracted lung cancer,
this would suggest the possibility that tobacco is a strong carcinogen.

An investigation that involves selecting representative groups of those
having and not having a characteristic is expensive and time eonsuming,
however, and is rarely if ever used. Actual practice in the field is to take
two groups presumed to be representative of persons who do and do not
have the disease and determine the percentage in each group who have the
characteristic. Thus rather than determine the percentage of smokers
and nonsmokers who have cancer of the lung, one determines the per-
centage of persons with and without cancer of the lung who are smokers.
This yields, not a true rate, but rather what is usually referred to as a
relative frequency. Relative frequencies can be computed with compar-
ative ease from hospital or other clinical records, and in consequence most
investigations based on clinical records yield nothing but reletive frequen-
cies. The difference in the magnitudes of the relative frequencies does
not indicate the strength of the association, however. Even if it were
true that there were many more smokers among those with lung cancer
than among those without it, this would not by itself suggest whether
tobacco was a weak or a strong carcinogen. We are consequently inter-
ested in whether it is possible to deduce the rates from knowledge of the
relative frequencies.
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A GENERAL METHOD

To fix our ideas we may illustrate how the general problem can be
attacked with some data recently published by Schrek, Baker, Ballard,
and Dolgoff (). They report that 77 percent of the white males studied,
aged 4049, with cancer of the lung, smoked 10 or more cigarettes per day,
while only 58 percent of a group of white males, aged 40-49, presumed
to be representative of the non-lung-cancer population, smoked that
much. Can we estimate from these data the frequency with which cancer
of the lung occurs among smokers and nonsmokers?

Denote by p; (=0.77) the proportion of smokers among those with
cancer of the lung, by p; (=0.58) the proportion of smokers among those
without cancer of the lung, and by X the proportion of the genaral popu-
lation that has cancer of the lung during & specified period of time. _We
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in 8 two-by-two table showing the proportion of the popnla.ﬁon falling
in each of the four possible categories.
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One can now compute that the percentage of the general porfulation that
smokes is g, +X(p: —p,), that the proportion of smokers having cancer of

the lung is:
1) 2.X/ (s + X2 ~25)).
Similarly, the proportion of nonsmokers having cancer of the lung is
(@) (1-p) X/ (1 —p2) =X (1 —p3)].
Formulas (1) and (2) yield the true rates we seek.

Given the eppropriats data, formulas (1) and (2) are easy to compute.
They are somewhat cumbersome algebraically, however. The followy:g
approximation to the true rates, therefore, seems useful. If the proportion
of the general population having cancer of the lung, X, is small relative

 to both the proportion of the control group smoking and not smgking, s
" and 1 —p,, the contribution of the term X(p,~p,) to the denominator of

formulas (1) and (2) is trivial and may be neglected. In that cas:; the
approximate rate of cancer of the lung among smokers becomes %’- and

—p) X .
the corresponding rate for nonsmokers 'Ql_;ap)T— Whenever p;—2s. 18

greater than zero, p,/p; is greater than unity. We may conf.lude from t?xe
approximation, therefore, that whenever a greater proportion of. the dis-
eased than of the control group possess & characteristic, the _mmdem.:e .of
the disease is always higher among those possessing the characteristic.
This is the intuition on which the procedures used in such clinical studies
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