The Development and Evaluation

Of Cancer Diagnostic Tests

By JOHN E. DUNN, Jr., M.D., and SAMUEL W. GREENHOUSE

NY ATTEMPT to bring the majority of
human cancer cases to clinical recognition
in a curative stage, at least until new therapeu-
tic methods are established, involves the ability
to recognize the disease in an asymptomatic
individual. Searching the general population
for unsuspected cancer using clinical proce-
dures has been explored through cancer detec-
tion centers, but has been found to be impracti-
cal because of the inadequate capacity of such
facilities and the relatively high cost per
examinee.

The need for a procedure to indicate the
existence of unsuspected cancer has led to many
attempts over the years to devise a laboratory
procedure that would show whether or not an
individual is harboring a cancer. These pro-
cedures have usually taken the form of chemical,
biological, physical, or immunological measure-
ments on readily available human materials
such as blood, urine, and exudates, or of skin
tests.

A priori it can be said that the possibility of
developing such a diagnostic test for a disease
is dependent on unique and specific substances
produced by or as a result of the disease, which
can be measured by laboratory procedures; or
by quantitative changes in normal body con-
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stituents that are more or less uniquely associ-
ated with a specific disease. Various immu-
nological tests for acute infectious diseases are
classical examples of the former, and the glyco-
suria associated with diabetes mellitus, of the
latter. Unfortunately, cancer research has not
as yet demonstrated well-established qualitative
changes, either in cancer tissue as such, or in
the host organism supporting the cancerous
growth. Quantitative changes are known to
occur in cancer tissue as compared to the corre-
sponding normal tissue. Also, there are quan-
titative changes in the host, but these changes
are not uniquely associated with cancer. The
question, then, becomes one of whether a pro-
posed diagnostic procedure based on empirical
observation is perhaps founded on a mechanism
that is yet unknown or not fully elucidated in
the mass of cancer research knowledge, or
whether the known quantitative host changes,
singly or in combination, might not serve as a
means of distinguishing cancerous from normal
individuals and from those with other diseases.

In general, attempts to find a diagnostic test
for cancer have been met with an attitude of
pessimism since the body of cancer research
knowledge has apparently not yet established a
firm basis for development of such a test. On
the other hand, those faced with the urgent
demand that something be accomplished now
to reduce human cancer mortality are con-
fronted with the necessity of taking calculated
risks.

In 1948, several university groups indicated
an interest in exploring proposed cancer diag-
nostic tests to determine their usefulness by
requesting grant funds from the National Can-
cer Institute. These projects were approved
by the National Advisory Cancer Council and
a loosely coordinated program was developed
in which the five university groups looked to
the cancer control branch of the National Can-
cer Institute for liaison and technical assistance
in the analysis of data. The five groups carry-
ing on this work are under the direction of :

Dr. Stuart W. Lippincott, professor of pathology,
University of Washington Medical School, Seattle,
‘Wash.

Dr. F. Homburger, director, cancer research and
cancer control units, department of surgery, Tufts
College Medical School, Boston, Mass.

Dr. J. K. Cline, chief, cancer research department,
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Medical College of Alabama, University of Alabama,
Birmingham, Ala.

Dr. Douglas H. Sprunt, director, Institute of Path-
ology, University of Tennessee Medical School, Mem-
phis, Tenn.

Dr. Robert E. Stowell, professor of pathology and
oncology, University of Kansas Medical Center, School
of Medicine, Kansas City, Kans.

The principal aims of this program were:

1. To determine whether any of the many
diagnostic tests for cancer proposed in the past
meet the original claims made for them by their
developers when carefully evaluated by another

laboratory.

2. To follow up any leads in basic biological,
chemical, or biochemical research bearing on
the diagnostic problem and possibly leading to
the development of a test.

Additional purposes served by this program,
purposes that were made apparent only after
the program had been under way, were:

1. To provide a much needed statistical
methodology in order to unify and make com-
parable different evaluations of the same test
and also evaluations of different tests.

2. To utilize the experience and facilities of
the participating groups to evaluate tests
developed currently.

3. To obtain leads meriting further investi-
gation resulting from the analysis of data col-
lected by the various groups.

The purpose of this paper is to describe
briefly the accomplishments of this program in
fulfilling these aims. Much of what follows
has already been said or reported elsewhere;
the remainder is new.

Methodology

In order to evaluate the practical usefulness
of cancer diagnostic tests, the performance
requirements for a useful test must first be
decided upon. Since the primary objective was
a test that would indicate the probability of
unsuspected cancer, the requirements of a case-
finding or general population screening test
were given primary consideration. Criteria
were proposed and a statistical method for
analyzing data on the basis of these criteria
was developed (7). It was realized that a test
would have other uses as well, such as for differ-
ential diagnosis in a diseased individual. Eval-
uation studies, therefore, included patients with
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diseases other than cancer. However, it ap-
peared reasonable that a test that would not
distinguish satisfactorily between individuals
apparently free of disease and those with cancer
could not distinguish the latter from other
diseased individuals.

Most of the general tests proposed to detect
the presence of cancer are blood tests, based on
the principle that some factor, for example, the
blood proteins, enzymes, or an immunological
agent capable of reacting with an antigen, ap-
pear in the blood serums of cancerous individ-
uals and either are lacking or are quantitatively
different from that in the blood serums of nor-
mal individuals. Measurement of this factor
in a group of normal individuals and in a
group of individuals with known cancer, in
most cases, gives rise to a continuous variable
more or less symmetrically distributed about
a modal value which differs in the two groups.
To make this process a diagnostic procedure it
is necessary to select one value of the variable,
the so-called critical value, to serve as the divid-
ing point for future tests. If a person’s meas-
urement, say, exceeds the critical point, he
would be classified as positive; if it falls below,
he would be called negative.
have stressed the fact that no single test can
do more than result in these designations and
only provides evidence that a person called
positive has some probability of having the
disease. It is only after a person so classified
has undergone clinical study that cancer can be
diagnosed.) Once the critical point has been
selected for any set of data, it becomes possible
to refer to two measures inherent in the test,
namely, the proportion of false negatives (sen-
sitivity) and the proportion of false positives
(specificity). These measures are completely
dependent upon the choice of critical value and,
in fact, vary as the critical point varies. We
illustrate this in the following tabulation, based
on an evaluation of the Huggins iodoacetate
index by Homburger and associates (2).

Percent Percent

false false

Critical palue: positives negatives
5.3 —— — 5 55
5.9 - 10 43
6.8 20 - 24
T8 _ 40 17
86__- - -- 60 9

(In the past we -

The implications in analyzing evaluations of
diagnostic tests are clear. Contrary to past ex-
perience, an evaluation must not adhere blindly
to the same critical value reported by the
originator. The investigator must find the
critical value that will give either the same
specificity or sensitivity as that obtained by the
originator and then compare the remaining
measure. For example, if, from the previous
tuble, one were to advocate the Huggins
iodoacetate index because it gave 24 percent
false negatives for 20 percent false positives,
then the purpose of an evaluation is to confirm
that this procedure gets 24 percent false nega-
tives for 20 percent false positives. The in-
vestigator evaluating the test collects his own
data and attempts to reproduce the biological
and chemical aspects of the procedure as care-
fully as he can. Often biases exist but, even if
they did not, characteristics of the distribution,
such as the critical point giving 20 percent false
positives, are subject to sampling variation.
(Our experience has been that consciously or
unconsciously the investigator makes some mod-
ification in techniques and that sampling varia-
tion is small compared to these biases.) Thus,
if the investigator were to seek out the value 6.8
as his critical point because the originator used
this value, he might find 35 percent false nega-
tives and 15 percent false positives or any other
proportions. On this basis he would conclude
the original report has not been verified. What,
in fact, he should do is find the critical value
giving him, say, 20 percent false positives and
then determine the percent of false negatives
for this critical point. If this turns out close
to 24 percent or less, the evaluation confirms the
original report; if it is considerably higher,
then the investigator rejects this test based on
the way he performed it.

The two essential points in an evaluation
program are, therefore :

1. Two sensitivity measures must be com-
pared where each is obtained for a fixed speci-
ficity (or the converse).

" 2. The critical value to be found in determin-
ing the sensitivity is itself determined by the
given specificity.

Costs of examination and incidence of cancer
are such that it was reasoned no screening pro-
gram for cancer could tolerate more than 10
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percent false negatives for at most 5 percent
false positives. These criteria need not be fol-
lowed if one searches for a diagnostic test to be
used for other purposes, such as differential
diagnosis.

Evaluation of Tests

A considerable number of reports have thus
far been published as a result of the cancer
diagnostic test evaluation program. A list of
these reports,- classified according to type of
substance being measured, appears as an ap-
pendix to the most recent publication, a mono-
graphic collection appearing as Evaluation of
Cancer Diagnostic Tests, Public Health Mono-
graph No. 12. In addition to tests on which
reports have been published, several tests were
evaluated by the various groups at the request
of the National Cancer Institute and other in-
stitutions. These represented tests being de-
veloped currently and for which no large-scale
evaluation was necessary in order to reject them.
On the other hand, several tests announced in
the last 5 years were evaluated fully and re-
ports were published.

Unfortunately, as reference to these publica-
tions will show, none of the procedures evalu-
ated has been judged capable of discriminating
between individuals with cancer and those with-
out cancer to any reasonably high degree. For
a cost of 5 percent false positives among pre-
sumably normal, healthy individuals, these
tests, as evaluated, detected as positive from 10
percent to about 75 percent of known cancer
patients, with the majority ranging from 40
percent to 60 percent. For the most part, these
tests also found as positive from 25 percent to
50 percent of patients with diseases other than
cancer. But more serious from the point of
view of screening is the fact that these tests
gave rather poor results among known cancer
patients with well-established disease. Pre-
sumably, if groups of individuals with very
early cancer were available, these tests would
detect as positive still smaller proportions.

Evaluation and Developmental Findings

Although results have been negative in the
search for a general test for cancer, all of the
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participating groups are continuing in some
developmental field of their own. In some
cases, investigation is being made into the diag-
nosis of cancers of specific sites; in others, work
is being continued on those general tests which
a group thought promising. Every group is
doing research into the development of its own
procedure, both on the laboratory and clinical
level.

All participants have concluded from their
evaluations thus far that much has yet to be
learned about the relationships to the cancer
process of those factors which these tests pur-
port to measure. The awareness and the need
of a greater understanding of the effects of this
process on the biochemistry of the individual
are evident in the report on the Proceedings of
the First Conference on Cancer Diagnostic
Tests (3). The very purpose of this confer-
ence, sponsored by the National Cancer Insti-
tute, was that . . . further developmental re-
search in the cancer diagnostic test field should
be stimulated.”

It would appear that one reason these tests
have failed is the lack of specificity in the fac-
tors assumed to be changed by cancer. Gener-
ally, these factors seem to be affected by many
disease processes. In fact, they are found to
vary among normal individuals. This raises
some interesting questions concerning the con-
cept of a diagnostic test (see paper by Toen-
nies in reference 3). Given that normal indi-
viduals really differ with respect to a given
factor, does the single individual’s test
value vary with respect to time or does it
remain relatively stable? If it does change
with time is this variation random around some
true value and, if so, how does it compare with
the variation among individuals? If it is
relatively small then obviously if an individ-
ual’s test value begins to increase progressively
over time, he should be suspect even if his test
values are not above the critical point (assum-
ing cancer values are on the average larger than
normal values). However, before such serial
testing on an individual basis can be of use,
much data must be gathered to answer the
above questions on variation.

A start in this direction was made by one
laboratory, which was able to obtain more than
one blood specimen on normal persons over a
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period of a year. We illustrate some of these
ideas referring to the evaluation, by this labo-
ratory, of the least coagulable protein test pro-
posed by Huggins (4). With respect to this
test, the values of 137 normal individuals
ranged from 1.10 to 1.91 with a variance,
0*=0.0139. The variation among individuals,
measured by the variance, can be considered to
be made up of three components: variation
among true individual values, ¢%,; variation
between specimens from the same individual
when specimens are taken over a period of
time, o%, and variation due to the repro-
ducibility, or measurement error, of the tech-
nique, ¢*,. Estimates of these components
were as follows: ¢%,=0.0075, ¢2,=0.0022,
¢2,==0.0035. Variation due to specimens, s2,,,
represents about 16 percent of the observed
variation among individuals and about 30 per-
cent of the estimated variation of true individ-
ual test values. Consider an individual with
a true value of 1.3. Assuming no improve-
ment in technique can be accomplished to re-
duce measurement error, 95 percent of speci-
mens from this person should result in values
ranging from
1.3—2Vo%,+ 0% to 1.342Va%,+ o°n

or 1.15to 1.45. Now, if this person gets cancer,
his true value should begin to increase and
hence his test values should eventually fall out-
side his normal range. When this occurs, his
test should be considered positive even though
no value is greater than the critical point (in
this case, 1.63).

Considerations of this sort have come out of
the analysis of the data gathered in the evalua-
tion program. For two other tests, o%,, repre-
sented a much greater proportion of the total
variation. In fact, for one test it was almost
50 percent of the total variation and exactly
equal to the estimated variation of true test
values. In these instances, no serial testing on
an individual basis would be meaningful.
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Present and Future Developments

As indicated earlier, the various laboratories
that have been engaged in diagnostic test evalu-
ation have continued investigating certain pro-
cedures that still appear to hold some promise,
and are exploring developmental possibilities
that have attracted their interest. The former
includes further work with a serum flocculation
reaction that has undergone additional develop-
ment since originally reported; exploration of
fluorescence phenomena observed in the blood
from cancer patients; polysaccharides of serum
that are augmented in cancer patients; and use
of several serum protein determinations in com-
bination. Developmental investigations by
these groups include investigations into a sensi-
tive means of detecting abnormal steroid in the
blood or urine; a complement fixation test; a
study of the factor responsible for liver catalase
reduction in cancer; and a specific measurement
of prostatic acid phosphotase. This last has
been developed to the point where several lab-
oratories are evaluating it as a means of diag-
nosing premetastatic prostatic cancer.
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