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

JeroME ConwriErp, Notionat Cancer Institute, National
iz;h!uha of Health, U. 8. Public Health Service, Retheadn,

A frequent problem in epidemiological research is the attempt to deter-
mine whether the probability of having or inewrring a stated disease, such
8s cancer of the lung, during a specified interval of time is related to the
possession of & certain characteristic, such as smoking. In principle,
such a 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. I{ it were true, for example, that a very
large percentage of cigarette smokers eventually contracted lung cancer,
this would suggest the possibility that tobaceo 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 dlinical records, and in consequence most
investigations based on clinical records yield nothing but relative 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 & 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.

1 Beceived for publication Februnry 23, 1951,
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A GENERAL METHOD

To fix our ideas we may illustrate how the general problem can be
attacked with some date recently published by Schrek, Baker, Ballard,
and Dolgoff (1). They report that 77 percent of the white males studied,

aged 40-49, with cancer of the lung, smoked 10 or more
while only 58 percent of & group of white males,
%o be representative of the non-lung-cancer po

cigarettes per day,
aged 4049, presumed
pulation, smoked that

much. Can we estimate from these data the frequency with which cancer
of the Jung occurs among smokers and nonsmokers?

Denote by p, (=90.77) 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 general popu-
lation that has cancer of the lung during a specified period of time, We

may then summarize the relevant information for the-

genersi"pupuintion’*"""' -

in 8 two-by-two table showing the proportion of the population falling

in each of the four possible categories.

Obarseersi Havisg seoowr of | Nothaving cxscer

Bmokers. . ] X 7 (1-X)
Nonsmokers. ... v 1’2I X 1-pa} (1-

Potar. - 1IIIIIIIIIII o o) g3

One can now compute that the percentage of the general population that
smokes is p, +X(p, —p,), that the proportion of smokers having cancer of

(1) 2:.X{ l{pa+ X (2 ~p:)].
Similarly, the proportion of nonsmokers having cancer of the lung is
@) (1-p) X/ [ —ps) ~X (9. —pi)].

Formulas (1) and (2) yield the trus rates we seek.
Given the appropriate data, formulas (1) and (2) sre easy to compute.
They are somewhat cumbersome algebraically, however. The following
approximation to the true rates, therefore, seems useful. If the proportion
of the genersal population having cancer of the lung, X, is small relative
. to both the proportion of the control group emoking and not smoking, p,
~ 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 ease the

X
approximate rate of cancer of the lung among smokers becomes % and

the lung is:

the corresponding rate for nonsmokers -(—1{-:_-;33’-& Whenever p; —p,. is

grester than zero, p/p, is greater than unity. We may conclude from the
approximation, therefore, that whenever a greater proportion of the dis-
eased than of the control group possess & characteristic, the incidence of
the disease is always higher among those possessing the characteristic.
This is the intuition on which the procedures used in such dlinical studies
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are based. Although it has frequently been questioned, it can now be
easily seen to be correct.

It also follows from this analysis, however, that i one knows X, the
prevalence of cancer of the lung in the general population, one can compute
its prevalence among the smoking and nonsmoking population, Hospital
or clinical records nsually cannot furnish an estimate of X , however, since
one seldom knows the size of the population exposed to risk from which
the actual cases are drawn. Its value is frequently known, st least ap-
proximately, from other sources. Thus, we have estimated from Dom’s
data (2) that the annual prevelence of cancer of the lung among all white
males aged 40-49 is 155 per 100,000 X consequently is equal to
0.155 X10™, We may now construct a table showing the proportion of

the population in each of the four categories from the data of Schrek e al.

mevee gt | Ntpmear | row
SIOKers. o 0. 119X 105 0. 579810 0. 580029
Nonsmokers. oo e . 036X 103 . 418835 . 419071
Total e . 155X 10 . 909845 L 000000

The proportion of smokers who have cancer of the lung vusing formulas
(1) and (2) is thus 0.205X%10~® as contrasted with 0.086X10* for non-
smokers. The corresponding rates are 20.5 and 8.6 per 100,000 per year,
These rates clearly provide a sounder basis for appraising the effect of
cigarette smoking than does the knowledge that 77 percent of those with
cancer of the lung and 58 percent without it smoke,

If one is interested only in knowing the relative amount by which the
prevalence of the disease is augmented by the possession of the attribute,
one may calculate this without knowledge of X, since the ratio of the two

.o P1 (1—29) when X is small. One can thus conclude from the
rates is P a=p) Zp)
Schrek data alone that the prevalence of cancer of the lung among white
males aged 40-49 is 2.4 times as high among those who smoke 10 or more
cigarettes a day as among those who do not.

The more extensive, but age-standardized, data of Levin, Goldstein, and
Gerhardt (3) on the same subject may be used to llustrate the same cal-
culation. They show that 66.1 percent of all (presumably white) males
at all age groups who hed cancer of the lung smoked some cigarettes as
compared with 44.1 percept smoking among the control group. Setting
A (1~-p)
2 (1—p)
cancer, according to these data is 2.5 times as high among cigarette

661=p, and .441==p, we have ==2.5. The prevalence of lung

* Dom’s published data show an anonal provalence rate in the period 1937-1085 of 20.7 per 100,008 for cancer of
ail respiratory organs ameng white and colored males, aged 4049, In the North £2.1 perecat of the respimtory
minanmmm!urbothmﬂesmdmmmnudmrbﬂmmm. The estimate of 15,5 (m20.7X
0.821), is consequently somewhst rough,



98  Ewolution of Epidemiologic Ideas

1272 JOURNAL OF THE NATIONAL CANCER INSTITUTE

smokers as among nonsmokers. (The agreement with the Schrek data is
closer than would be expected in view of differences in the population
covered, definitions used, and number of cases studied. The application
of the present method to other studies of lung cancer and tobacco yields
much more divergent results.)

The calculations mey also be applied to multiple classifications such as
the data on cancer of the cervix in Cardiff, Wales, recently published
by Maliphant (4). In table I, the first column gives the percent distri-
bution of women who develop cancer of the cervix by marital status and
number of children borne, while the second column shows the same dis-
tribution for all women. Women under 40 have been excluded. From
other data given by Maliphant we have estimated that the incidence rate
of cervieal cancer for women over 40 in Cardiff was 79.7 per 100,000 {some-
what below the corresponding rate in this country.) This yields X and
we accordingly have been able to calculate the incidence rates by marital .

status and number of children shown in the third column. The relation

between cervical cancer and number of children born is obviously shown
more clearly and usefully by the rates in the third column than by the
relative frequencies in the first two.

TABLE 1.—Distribution of women with and without cervical cancer by marital status and
number of children

Women oOUACGHIE | un women, Ineidence rate
S Sy | per 100000, 21X
Unmatried . uccccnoocccceuun- 1.3 10.5 g9
Married:
Nochildren. o ccnreocuvunnn 50 13. ¢ 30. 7
1 or more children, total...... 93.7 76. 6 97. 6
ehild. e e 13.3 15. 3 06. 3
2 childreft. —wovcacocunn 18 3 17.0 85. 8
3 children cevroceooool 15. 0 13.0 92.0
4 children . _couemaeaoas il ¢ 986 91. 3
5 childrenl .o cvevmoaoona 9.2 6 4 114 6
6 Or MOTR. - —cvvnmnmmmn 26.9 15. 2 141. 8
Total e m e emmrmrcssnma - 100. ¢ 100.0 feveimmncmmr e wn

TESTS OF SIGNIFICANCE ON THE COMPUTED RATE

Sinee most clinical studies are based on limited numbers of cases, it is
of some importance to be able to estimate the limits of error of rates caleu-
lated according to this procedure. The approximate formula for the
variance of a ratio sometimes used is inappropriate for this purpose, since

it will sometimes show %{5 differiog significantly from X when a test on

the difference ps;-p: shows that it does not differ significantly from zero.
To avoid this we employ a test of Fieller’s (§). Thus, writing the com-

puted prevalence rate as 2;—‘—3—-{ ==r and denoting by

n,=the number of disease cases
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ny==the number of control cases

t.=the value of ¢ in the normal curve corresponding to the 100a-percent
probability level

Ppg=the unbiased estimate of the unknown population value PQ

(=ﬂ1p:+nzp= 1 — TP+ nsp,
mtn—1 fitng

the upper and lower confidence limits for the 100a-percent probability
level of the estimate r are given by

taX 1 i
rd:ﬁ—‘/% [1 “["ﬂ";};:; (n:pf-tipg)] ,
1 tPg

—r.zp,’

when X is considered free from sampling error. We may use the Schrek
data to illustrate the use of this formula. Thus, letting n,==35, ny=171,
setting f,=2, and using p, X, and r as previously calculated, we compute
the upper limit to the rate as 25.6 Per 100,000 end the lower limit as 16.1

these limits, we conclude that the rates for smokers and nonsmokers differ

significantly at the S-percent probability level, Whenever p, and Pa
differ significantly at the 100a-percent level, the limits comnputed in this

PITFALLS

Our major purpose in preparing this note has been to show that any
set of dats that furnishes estimates of relative frequencies can be used to
obtain estimates of rates. The procedure suggested, however, has assumed
that the diseased and control groups used are representative of these same
groups in the general population. If this assumption is not satisfied, then
neither the rates, the relative frequencies, nor any other statistics ealcy-
lated from the data will have applicability beyond the particular group
studied,

examples. The first relates to Lane-Claypon’s study of cancer of the
breast (6). In this study a detailed questionnaire was filled in for 508

lThepmmdmdiacumdlnthﬁtanMatwothmdsimmLc.,ittmthehmmm the
nurormokeuisstmmnﬁythkomthnttqmmokm. nwmdbemmreﬂkﬂcmmnmm
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women with breast cancer and 509 control women, who were heing treated
by the cooperating hospitals for “some trouble, other than cancer.” We
reproduce in table 2 the percent distribution by number of children ever
borne for each group. Only women having passed the menopause are
included. We do not know X, the prevalencs rate of bresst cancer in
the United Kingdom at the time the data were collected, and have there-
fare confined ourselves to computing relative prevalence.

Tuwz.ﬁniuﬁbuﬁmqumwithmdwiﬁoutbrmumbym&mﬁ

and number of children
Canosr Control Reiative
Ohasucteristic o | goup, g g prevalence

Unmarzgied. .. _ooeieeecns 20.01-f 1648} -1 278 100
Married:

Nochildren. ... ____.___ 14 55 10. 45 1. 392 109

1 to 3 childrep......_.. e 20. 09 2418 1174 g2

4dtoGchildren. .o —m—— 2L 2 22 39 . 947 74

Tormore oo 14 24 25 97 . 548 43

Total. e en.. e r———— 100, 00 00,00 b o .

If the data are to be taken at their face value, one must conclude that
lowered prevalence of breast cancer is associated with increasing numbers
of children. Greenwood in an analysis of Lane-Claypon’s data (6) in
fact concludes, “we think then thst an etiological factor of importance
has now been fully demonstrated.” At the very beginning of his analysis,
however, he points out, without attaching any significance to it, that the
control group had borne an average of about 25 percant more children
than hed all women in England and Wales with the same duration of
marriage. This would appear to provide definite evidence for the unrep-
resentative character -of the control group and to cast doubt on the
adequacy of the evidence, = e AT '

The basic difficulty in this example is the unrepresentative nature of the
control group. *Since there is always some doubt whether or not a control
group selected from among hospital patients can provide an accurate
estimate of the frequency of a characteristic in the: population at large,
the difficulty may be quite general. The possibility that the disessed
group is not representative either, cannot be entirely. disregarded, how-
ever. - We reproduce in table 3 the distribution’ by sage of 413 patients
with adenocarcinoms of the breast admitted to the Ellis Fischel State
Cancer Hospital in the years 1940-46 as given by Ackerman and Regato
(7). For comparison we give the expected distribution on the basis of
known incidence rates by age. = - S R

It is obvious from inspection that an excess number in the older age
groups were encountered, and that to some extent the hospital was func-
tioningas ahome for the aged. An epidemiological investigation the results
of which would be sensitive to the age distribution _of the persons
studied might consequently be adversely affected. - .

Any set of hospital or clinical data that is -worth analyzing at all is
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Tasus 3.—Actual and expected distribytion of breast cancer cases by age—Eilis Fischel
State Concer Hospital

Number of brasst cancer
casex | Percent
@ Incidenos of dlﬁdbuﬁm
Expected Lireast e platicn
Age Reported @ ) X (5 per 1::.000 mm'
e 4] Tot. (1} [
® ot
Less than 30 ..o __. 3 7 11 2.2 0. 4825
3084 i aeeee 1 13 19 251 . 0795
B39 o 24 25 37 50.7 L0774
................. 24 41 6.1 911 . 0734
4549 __ .. 40 b4 80 122, 9 . 0874
5O-54, .o 51 51 1.5 120.0.1
L1 o 54 57 84 180. 6 . Q580
................. 54 53 78 160. 4 . 0495
(11 S 59 45 6.8 198. 3 . 0410
TOTE ettt 48 34 61 205. § . (0344
7o and over ..o . 44 33 49 184 5 0516
Total e 413 413 611§ .. 1. 0000

3 Chf square for differsnicew4.b, P<0,01
1Az tod 2? Daora (8).
! U. B. Burean of the Census, Populstion, vol. I, pt. 4, table 7.

worth analyzing properly. It is from this point of view that the technique
proposed seems useful. The preceding two examples suggest, however,
that the results of even the most carefully snalyzed set of such data may
be open to question, and that these doubts can be resolved only by methods

of data collection that provide representative samples of diseased and
nondiseased persons,
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