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'With the general agreement that
there are such things as occupational
cancers and that occupational cancer, in
-some sense, can be controlled, studies
of industrial and occupational hazards
-are not only warranted, but are essen-
tial. However, if such studies are to be
conducted in a manner to yield usable
and useful results, two statistical ques-
tions must be answered at the very out-
-set. First, how big a study must we
-conduct; how many people should be
under inquiry; and for how long? Sec-
*ond, how do we get these people for
-study; where do we locate them; where,
-and how do we get information about
-them? This paper will attempt to
-answer these two questions, plus an

'obvious third (and nonstatistical) ques-
tion: After observing a large enough
.group of people for a sufficiently long
period to yield valid results, what
recommendations for action can one

.make?

* call for a large study, with many people
followed for a long time, this must be
known at the outset, so that sufficient
money can be made available to carry
it out. If sufficient money is not avail-
able to carry out a proper study, then
perhaps no study should be undertaken.
From the arithmetic point of view,

there are two things that determine the
size of a study: How big a difference is
it important to find, and how certain do
we want to be that we will be correct
when we conclude our study and say
that a difference does (or does not)
exist? By "how big a difference" we
mean a difference between a selected
"normal" rate and the rate for the
particular industry, plant, or operation
under suspicion. The age-sex-color
specific rates in the general population
provide a basis for computing a
"normal" rate against which the rate
for the plant (let us say) can be com-
pared.
The second part of this question,

"How much of a risk of arriving at an
incorrect conclusion are we willing to
take?", is the key to further work, once
we have decided how big a difference
(or really small a difference) it is essen-

'Determination of Study Size

The question of "how big a study" is
important for two reasons. There are
-scientific requirements to be met, if the
-results are to be statistically valid, and
ithere is the budgetary problem to be
.solved. If the scientific requirements
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Although this statistical discussion
deals with cancer in industry, the
general principles enunciated are
applicable equally to other diseases
and in any population group.
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tial to find. It is possible to arrive at
an incorrect conclusion for either of two
reasons: we may conclude that the rate
in the plant exceeds that of the general
population, when it does not, or the
converse.* In conducting our study we
want protection against both types of
error. If we make the first error, we
may lead management into an extensive
search for a nonexistent hazard. If we
make the second, we will lend an air of
assurance and complacency to a danger-
ous and hazardous situation.
The decision of "how big a differ-

ence" and "what degree of protection"
against both sorts of error is a substan-
tive decision and must be made by per-
sons who are able to evaluate the costs
in money and in lives of the alternative
course of action.

Consider a specific example. It is
suspected that a respiratory cancer haz-
ard exists in an industrial plant that
employs 2,500 persons. One thousand
of these are production workers, all
males, who are in operations in which
they are exposed to the suspected can-

cerigenic agent. We know that in the
general population of males from 15 to
65 years of age the annual incidence of
respiratory cancer is about 40 per

100,000.t Economic and medical con-

siderations have led us to decide that
if the rate among the 1,000 males is 200
per 100,000, or more, a definite hazard
exists.
When we have concluded our study,

and if we say that the plant rate is
"normal," we want to be (let us say) 95

* These two errors correspond to the errors of Type I
and II introduced by Neyman and Pearson in the theory
of testing statistical hypotheses.

t This is an estimate of age-specific incidence, based
on the National Cancer Institute series "Cancer Illness
in Ten Urban Areas of the United States." In our

discuission, this rate serves as a norm, the basis for
entering Table 1. However, in a specific investigation,
it may be desirable to use a different norm, e.g., rate
in the state, rate in the local area, rate in a selected
industrial population, or perhaps even a rate using the
"unexposed" plant population as a control. This last
procedure imposes additional technical problems which
require the development of tables not included here.

per cent certain that it really is; i.e., in
repeated trials, we would incorrectly
conclude that the plant rate is above
"normal" 5 per cent of the time. Simi-
larly, if the plant rate actually exceeds
the general rate by five times or more,
we want 90 per cent assurance that the
plant rate is higher than "normal."
(The five times the general rate, and the
95 per cent and 90 per cent assurance
have been selected here for illustration
only.) If other conditions suggest other
factors, these must be modified, of
course. These are the substantive deci-
sions that must be made at the outset of
the study.
We now have sufficient data to com-

pute a "sample size." The results of
just such computations are summarized
in Table 1.: The rate for the general
population is 40 per 100,000. Column 3
of Table 1 is concerned with this rate.
We want a 90 per cent assurance that we
will say "above normal" when the true
rate in the plant is five times the general
rate. Five times the general rate data
are given in column 9. We then read
down column 9 until we find a value
of 0.90, or more (the second line).
Reading back along the second line to
column 6 we find the number 6; in
column 5 we find the number 2; and in
column 3, we find the number 5,000.
.This means that we will need 5,000
person-years of observation; i.e., we
will have to observe the 1,000 produc-
tion workers for 5 years. At the rate
in the general population, 40 per 100,-
000 per year, we would expect 2 cases
of respiratory cancer in 5,000 person.
years of observation. If we find 6 or
more cases during the 5-year interval
of observation, we will conclude that
the plant rate is above "normal," and

+fTable 1 is constructed to provide information on
sample size when the general population rates are 10,
20, 40, or 80 per 100,000, and when the degree of
assurance desired against falsely saying "above normal"
is 95 per cent. Tables, of course, can be constructed
for other rates and for other degrees of assurance.
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Table 1-Determination of Sample Size

Minimum Number
of Cases

Number of Required to Probability of Concluding
Person-Years Yielding the Expected Conclude that Plant Rate Exceeds
Number of Cases Given in Column 5, Expected that General Population Rate

for a Selected Set of Rates: Number Plant Rate When in Fact It Is:
of Cases at Exceeds

Rate per 100,000 Population General General Three Five
Population Population Twice Times Times

10 20 40 80 Rate Rate* as High as High as High

(1) (2) (3) (4) (5) (6) (7) (8) (9)
10,000 5,000 2,500 1,250 1 4 0.14 0.35 0.73
20,000 10,000 5,000 2,500 2 6 0.21 0.55 0.93
30,000 15,000 7,500 3,750 3 7 0.39 0.79 0.99
40,000 20,000 10,000 5,000 4 9 0.41 0.84 t
50,000 25,000 12,500 6,250 5 10 0.54 0.93 t
60,000 30,000 15,000 7,500 6 11 0.65 0.97 t
80,000 40,000 20,000 10,000 8 14 0.73 0.99 t

-100,000 50,000 25,000 12,500 10 16 0.84 t t
120,000 60,000 30,000 15,000 12 19 0.87 t t
140,000 70,000 35,000 17,500 14 21 0.93 t t
160,000 80,000 40,000 20,000 16 24 0.94 t t
180,000 90,000 45,000 22,500 18 26 0.97 t t
200,000 100,000 50,000 25,000 20 29 0.97 t t

* If the mininmum niumber of cases is observed, the probability of incorrectly concluding that the plant rate exceeeds
the popuilation rate, when in fact it (loes not, is less than 0.05.

t Greater than 0.995.

-we will make this conclusion with the re-
quired degree of assurance (95 per
,ent) .

Consider another example: Say that
a difference of three times the general
rate is important to find; we want 95
per cent assurance against falsely cry-
ing "wolf," and we want 90 per cent
assurance that we will find an "above
normal" rate if so large a difference
does exist. Column 8 in Table 1 is the
"3 times" column, and we look down
this column until we find a value of
0.90 or more. This occurs on the fifth
line. In column 3, the 40 per 100,000
column, the number is 12,500, and in
column 6, the number is 10. Thus, we
would need 12,500 person-years of ob-
servation. If we found 10 or more
cases during this period of observation,
we would again conclude that the plant
rate exceeds the general population

rate with the required degree of assur-
ance.

Having decided how large a study
must be conducted, in terms of the
number of person-years of observation
required, it is now important to con-
sider how we will get this population
for study.

Selection of Employee Population

In studying the incidence of cancer
among members of an industrial popu-
lation, it is essential that the study
group be made up of individuals em-
ployed for a period long enough to
constitute effective exposure to the sus-
pected cancer hazard and that these
individuals be followed for a long
enough period so that the effects of ex-
posure may manifest themselves in a
diagnosable condition. Changes in
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methods of manufacture present a com-
plicating factor, because an individual
with a particular job title may have
experienced different types of exposure
as manufacturing methods changed. An
individual's work experience prior to
employment in the plant under investi-
gation also presents a complicating
factor.

It is desirable to restrict the study
group to categories of employees com-

ing into intimate contact with the sus-
pected cancer hazard. Unless the sus-

pected cancerigenic agent affects the
general atmosphere of the plant, the
inclusion of administrative, warehouse,
and other categories of employees who
are not directly exposed to the suspected
hazard will materially dilute the appar-
ent effects of the cancerigenic agent and
the existence of a hazardous operation
may be missed in a plant which is gen-
erally not hazardous. For example, let
us assume that out of a total of 5,000
male employees, 500 are directly ex-

posed to a cancer hazard. The incidence
rate of respiratory cancer for these 500
employees is 5 times normal (200 per
100,000 per year), while the incidence
rate for the remaining 4,500 employees
is normal (40 per 100,000). With no

special cancer hazard in this plant, an

average of 2 respiratory cancer cases

would be diagnosed annually among
the 5,000 employees. In this particular
plant, however, we would expect an

average of 3 cases per year-2 cases

drawn from the population of 4,500 em-

ployees not coming in contact with the
cancer hazard, plus one case drawn
from the population of 500 exposed em-

ployees. However, an observation of 3
cases compared to an expectation of 2
cases would not be statistically signifi-
cant. Thus, data based on the experi-
ence of the total population of male
employees would not point to the
existence of a hazard though one does
exist.

If we had knowledge which could

lead us to restrict the study to the em-
ployees directly exposed to the suspected
cancerigenic hazard, the size of the
study group would be reduced to 500.
Under the conditions stated above, in
one year, we can expect one case of
respiratory cancer. However, the ob-
servation of just one case would not
permit us to reach a statistically sound
conclusion concerning the existence of
a cancer hazard. It would be necessary
to keep the study group under observa-
tion for a number of years, as the data
in Table 1 show.

Collection of Data

Having defined the employee popula-
tion to be studied, one must establish
a procedure for collecting the necessary
information. A number of alternative
methods are possible.
Company Medical Records-Medical

records maintained in some industrial
plants may be sufficiently complete to
serve as the primary source of informa-
tion concerning the incidence of specific
disease categories among employee
groups. In some instances, plant medi--
cal records may be supplemented by
information available from medical care
programs and insurance carriers. Un-
der this procedure, the records for some
period of time are reviewed and the
number of diagnosed cancer cases are
enumerated. An incidence rate is com-
puted by relating the number of cancer
cases to the average number of persons
employed during the study period. This
rate may then be compared to the rate
for a "normal" population, with appro-
priate adjustments for the composition
of the employee group with respect to
race, sex, and age.

This procedure is valid only if the
medical records contain information on
every case of cancer diagnosed among
all members of the employee group un-
der study. As a minimum, the medical
records would have to be sufficiently
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complete so that all episodes of illness
which may have led to a diagnosis of
cancer can be selected for follow-up.
However, even if the company's medical
records provide a complete and reliable
source of information, relatively rapid
employee turnover, coupled with an ex-
tended latent period, may result in a
gross understatement of the cancer in-
cidence rate.
Company Personnel Records-Since

many plants do not have comprehensive
medical care and health insurance pro-
grams, an alternative approach would
be to obtain a list of all persons dropped
from the payroll due to illness. These
persons are then followed in order to
determine the nature of the illness. This
procedure is predicated on the assump-
tion that the company records can be
used to identify every employee who
stopped working due to illness. In
practice, even if the company records
reasons for termination of employment,
the plant records may appreciably un-
derstate the number of employees that
stopped work due to illness. Persons
discontinuing work due to ill health may
not inform the company unless they
benefit by having this information on
record.

This approach requires that every
employee dropped from the payroll due
to illness be followed so that a definitive
diagnosis may be determined. Conse-
quently, if a company's records can
serve as a reliable source of information
concerning employees stopping work
due to illness, an extensive follow-up
program would have to be carried out.
This involves locating and interviewing
the employees who stopped work, visit-
ing individual physicians, examining
hospital and clinic records, and review-
ing death certificate files. Employees
who left the community subsequent to
termination of employment may be lost
to follow-up.

Follow-Up of Persons Employed as
of a Given Date-The most direct

method for doing a plant survey is to
obtain a list of employees on the payroll
as of a given date. Individuals who
were employed for some minimum
length of time in the suspected opera-
tion can then be selected for follow-up
in order to determine the number that
developed cancer during a specified pe-
riod. The group to be followed may
be selected in one of two ways: (1)
employees on the payroll as of a current
date may be followed forward, or (2)
employees on the payroll as of a prior
date may be followed through a current
or future date. In either case, it is
necessary to follow up every (or nearly
every) employee in the study group in
order to identify the ones who devel-
oped a serious illness during the study
period and to ascertain the nature of
the illness.

It must be emphasized that the em-
ployee population to be studied should
be made up of individuals employed
for a period long enough to constitute
effective exposure to the suspected can-
cer hazard and that these individuals.
must be followed for a period long
enough for the effects of exposure to
manifest themselves. From this point
of view, starting with a payroll list of
5, 10, 15, or 20 years ago would seem
advantageous. On the other hand, a
large proportion of individuals em-
ployed on this prior date may have left
the plant and the community and be
lost to follow-up. It is undoubtedly
easier to follow members of the study
group if the study is carried forward
from a current date. The decision will
depend on information concerning the
rate of employee turnover, the average
period of exposure to the suspected
hazard, and estimates of the latent pe-
riod for the form of cancer under study

Evaluation of Results

Assume that funds were available for
conducting a study of the proper size.
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Table 2-Interpretation of Observed Number of Cases

Observed Minimum Number with Maximum Number with
Number Probability of: Probability of:
of Cases 0.05 0.10 0.20 0.05 0.10 0.20

(1) (2) (3) (4) (5) (6) (7)
1 * * * 4.8 3.9 3.0
2 * * * 6.3 5.4 4.3
3 * 1.1 1.5 7.8 6.7 5.6
4 1.3 1.7 2.2 9.2 8.0 6.8
5 1.9 2.4 3.0 10.6 9.3 8.0
6 2.6 3.1 3.9 11.9 10.6 9.1
7 3.2 3.8 4.7 13.2 11.8 10.3
8 3.9 4.6 5.5 14.5 13.0 11.4
9 4.6 5.4 6.4 16.0 14.3 12.6

10 5.4 6.2 7.2 17.0 16.0 13.7
11 6.1 7.0 8.1 19.0 17.0 14.8
12 6.9 7.8 9.0 20.0 18.0 16.0
13 7.6 8.6 9.9 21.0 19.0 18.0
14 8.4 9.4 10.7 22.0 21.0 19.0
15 9.2 10.2 11.6 24.0 22.0 20.0
16 10.0 11.1 12.5 25.0 23.0 21.0
17 10.8 11.9 13.4 26.0 24.0 22.0
18 11.6 12.8 14.3 27.0 25.0 23.0
19 12.4 13.6 16.0 28.0 26.0 24.0
20 13.2 14.5 16.0 30.0 28.0 25.0

Less than 1

that the employee population selected
for study was successfully followed, and
that a given number of cases of (let us
say) respiratory cancer have been ob-
served. For this observed number of
cases we can compute probable upper
and lower limits on the actual rate in
the plant. These are analogous to con-
fidence limits on a simple average.
Table 2 presents 90, 80, and 60 per cent
confidence limits for observations of
from one to 20 cases.* In the first
example given above assume that 8
cases were found in 5,000 person-years
of observation. The best estimate of
the plant rate is, of course, 160 per

* Confidence limits have traditionally been quoted with
the probability that the interval includes the true
population value. However, Table 2 gives the probability
that the true population value will be either below the
lower limit or above the upper limit of the interval.

100,000. To obtain 90 per cent con-
fidence limits on the rate read down
column 1 in Table 2 to the number 8,
the number of cases found. Column 2
gives minimum number of cases and
column 5 maximum number of cases,
each with probabilities of 0.05. The
numbers in these columns opposite 8
are 3.9 (minimum) and 14.5 (maxi-
mum). These numbers are associated
with rates of 78 and 290 per 100,000.
If 4 cases were observed in the same
plant population, the best estimate of
the rate in the plant is 80 per 100,000,
with 90 per cent confidence limits of
from 26 to 184 per 100,000.
From a knowledge of these limits, the

evaluation of the results of the investi-
gation is greatly enhanced. The confi-
dence limit concept can be used to
arrive at meaningful decisions about
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further work. If the number of ob-
served cases is smaller than the critical
number given in Table 1, we will con-
clude that the plant rate appears to be
compatible with the general population
rate. However, it does not necessarily
follow that the plant is perfectly safe
and that the investigation should be
dropped, for the question might be
asked: "Given the number of cases
found, what is the maximum possible
rate, on a probability basis, that might
exist in this plant and still produce as
few cases as we found?"

Conversely, if the observed number
is greater than the critical number, we
will conclude that the plant rate is above
"normal." However, this does not mean
that the situation is necessarily serious
enough to warrant the expenditure of
large sums on safety measures. We
would like to know whether the plant
rate is substantially greater or only
slightly greater than normal. This leads
to the question: "Given the number of
cases found, what is the smallest pos-
sible rate, on a probability basis, that
might exist in the plant and produce
as many cases as we found?"
As an illustration, we refer to the

previous example cited. Say eight cases
were found in 5,000 person-years of
observation. This is more than 6, the
critical number given in Table 1,
column 6, and we conclude that the
plant rate is "above normal." Our best
estimate of the plant rate, 160 per 100,-
000 is 4 times the general population
rate of 40 per 100,000. However,
8 cases in 5,000 person-years of obser-
vation could have arisen out of a
smaller basic rate than 160 per 100,000.
We now wish to use Table 2 to compute
a possible minimum rate on a proba-
bility basis. Suppose that we wish to
be very cautious before undertaking
corrective action; we therefore would
want to give our plant every opportunity
to be called nonhazardous. We would
then look under the 0.05 column

(column 2) to find the lowest rate that
could, with a 5 per cent probability,
yield as many as 8 cases. The number
in this column, opposite 8, is 3.9. This
implies a rate of 78 per 100,000. We
can now ask: "Is corrective action war-
ranted, if the plant rate is really as low
as 78 per 100,000, which is less than
twice the rate in the general population
(40 per 100,000) ?"

It must be remembered that we have
stacked the cards against a decision
favoring corrective action by taking a
minimum with a probability of only 5
per cent. If we wanted the smallest rate
that could produce as many as 8 cases,
20 chances in 100, we would look under
column 4 of Table 2. This would yield
a minimum rate of 110 per 100,000 to
compare with the general population
rate of 40.
The opposite situation must be con-

sidered, too. Suppose the study has
turned up fewer than the critical num-
ber of cases given in Table 1, column 6.
Assume that in the preceding example
only 4 cases of respiratory cancer were
observed in 5,000 person-years of ob-
servation. Although the observed num-
ber, 4, is twice the number expected at
the general population rate, 2, it is less
than the minimum number of cases, 6,
required to conclude that the plant rate
is "above normal." Are we safe in
concluding that no hazard exists, or
should the investigation be continued?
This question can be answered by de,
termining, in some probability sense,
the maximum plant rate that could have
produced 4 cases. This determination
can be made by referring to columns 5,
6, and 7 of Table 2. If a hazard exists,
we want to protect ourselves against
understating the possible maximum, so
we select the 0.05 level (column 5) on
which to work. The number in column
5 opposite the number 4 (the actual
number of cases observed) in column 1,
is 9.2. Dividing this by the expected
number of cases, 2, and multiplying by
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40 per 100,000, yields a rate of 184.
Is a plant with a respiratory cancer rate
that is possibly (with 0.05 probability)
4.6 times as high as the general rate
worth further investigation? This is, of
course, a substantive question, and each
separate investigation will have to be
considered on its own merits.

Technical Note

It is assumed that the chance distri-
bution of the observed numbers of cases
for a given incidence rate follows the
Poisson probability law. Thus, if "p"
is the incidence rate to which "n" per-
son years are subject to risk, the aver-
age number of cases is np = a. Then

according to the Poisson law, the proba-
bility of observing exactly Xo cases is

e-a axo

xo.

and the probability of observing X0
cases or more is

co e-a ax

XX.Xo !

Tables 1 and 2 depend upon the evalua-
tion of these sums for particular values
of "a," or determining "a" for a given
value of the sum. For these purposes,
Molina's tables on the Poisson law were
used (Molina, E. C., Poisson's Exponen-
tial Binomial Limit. New York: Van
Nostrand, 1947).
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