228 J. L. GASTWIRTH

possible justification for using a screening test in spite
of these problems. The recent, highly publicized
Walker spy case is but one example of several recent
disasters in our national security system. The conse-
quences of failing to detect leaks of secret information
to foreign governments may be severe. A polygraph
test that correctly identifies 88% of deceptive individ-
uals tested, misclassifies only 3% and yields 9% incon-
clusive outcomes could be relied upon to identify most
security risks. However, since the base rate of decep-
tion in this population is so low, most of the individ-
uals who would fail the test would in fact be truthful.
If a deceptive polygraph outcome is more often wrong
than it is correct, it is clear that it should not be the
sole basis for concluding that a person is a spy, for
denying individuals access to secure information or
for taking other action against them.

On the other hand, if the screening test is used only
to eliminate from further consideration all those who
pass the test, then the number of potential security
risks would be reduced by a factor of approximately
10 (Raskin and Kircher, 1987). Extensive field inves-
tigations would then be required on a much smaller
number of individuals with a somewhat higher base
rate of deception than in the original sample. With
this “successive hurdles” approach (Meehl and Rosen,
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1955), polygraph screening tests could be used in the
vast majority of cases in lieu of costly field investiga-
tions. The required follow-up investigations of those
who fail the initial screening test: would minimize the
risk of false positive errors and probably identify the
individuals who are guilty of compromising our na-
tional security.
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The context of the screening determines whether
the sensitivity or the specificity is more important.
For the cases that Dr. Goldberg and I have considered

. in the past, screening was performed for the benefit

of the screenee. A woman elects to participate in a
breast cancer screening, for example, because she is

“seeking an early diagnosis of a disease for which early

diagnosis can translate to her own lengthened survival
(Shapiro, Strax, Venet and Venet, 1973). Hence, from
her, the consumer’s point of view, a screening program
consisting of a highly sensitive test, followed by a
highly specific test if she is positive, is a sensible
course of action. Consideration of the PVP is then
secondary to the needs of the consumer. When, how-
ever, the consumer is not the screenee, but the society
at large, and when that society assumes an implicitly
adversarial position with respect to the screenee,
Gastwirth’s emphasis on the primacy of the specificity
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is, I believe, apt. My mention of poppy seeds at the
beginning of these remarks was therefore not face-
tious: we federal employees, threatened with the pos-
sibility of random urine spot checks for drugs, must
beware lest our breakfast include poppy seeds or other
foods chemically similar to illicit substances.

Gastwirth’s expression for the variance of C, the
estimated PVP, has an immediate social consequence:
when screening is performed at society’s behest, and
not voluntarily at the request of the screenee, and
when, further, a positive test carries a strong negative
social presumption of improper behavior, as would
false positive polygraphs or false positive drug tests,
the specificity should be very high and the PVP pre-
cisely estimated. We must take seriously Gastwirth’s
admonition that the usual allocation of subjects for
the purpose of estimating sensitivity and specificity is
inefficient when the population prevalence is low. As
we have learned from the famous yellow Lincoln case
of the California Supreme Court (1968), those who
deal with other people’s lives and reputations must
keep their conditional probabilities straight.

AIDS represents a special situation. Testing is cur-
rently usually performed not because the individual
has requested to be screened, but rather because blood
banks routinely screen all blood donations. Clearly,
society would be ill-served by a screening program
that emphasized specificity. Therefore, the cut-off
value for declaring the enzyme-linked immunosorbent
assay (ELISA) to be positive is set so the test is
highly sensitive at the expense of having rather low
specificity. Screening programs for AIDS achieve
high specificity by following a positive ELISA with a
confirmatory Western blot. Currently, positivity on
ELISA is not reported to the screenee on the grounds
that most ELISA positives are false positives. As
screening for AIDS becomes more common, so long as
screeners continue to understand that most people
positive on ELISA are not carriers of HIV, and so
long as positivity on ELISA alone is not reported to
the screenee, his employer or his insurer, then low
specificity at the initial ELISA is an appropriate
approach to achieving high sensitivity.

. Gastwirth’s paper implicitly raises-a problem caused
by the nondichotomous nature of many disease proc-
esses. Sensitivity and specificity have clear meanings
when a disease can be characterized either as present
or absent. For diseases with stages, sensitivity and
specificity are more difficult to interpret. More gen-
erally, if we view disease as a process unfolding in
time, we may imagine sensitivity and specificity to
change with the course of disease. Letting ¢ denote the
time from onset of the disease, then 6(t) represents
the sensitivity as a function of time. In some diseases,
0(t) is not monotone. Moreover, a test may be specific

to a particular stage of disease, so that » may also
change with time. Further, two different screening
tests may have different patterns of change in 6(¢)
with time. Both the statistical and epidemiologic lit-
eratures have discussed the effect of population prev-
alence on estimates of the PVP; the literature has not
grappled sufficiently seriously with the consequence
on the estimation of sensitivity and specificity when
the measures are made from artificially homogeneous
populations of affected and unaffected individuals.
This phenomenon may partially explain the highly
discrepant estimates of sensitivity and specificity
noted by some authors (see Goldberg, 1975). Thus, if
sensitivity and specificity are calculated from patients
who are all in a similar stage of disease, the screening
test may exhibit unexpected operating characteristics
when it is applied in a more heterogeneous setting.
Sensitivity is often estimated by using a hospitalized
group of patients, but the screen is then applied to a
group of people with no overt signs of disease. In such
situations, the estimated PVP may be even more
variable than equation (2.5) would suggest. One useful
extension of Professor Gastwirth’s results would be
to estimate C for diseases with nonconstant 6(t)
and 75(t).

Some diseases are dichotomous themselves but their
associated screening test measures a continuous vari-
able related to the presence of disease. For example,
in testing for AIDS, the HIV antibody is either present
or absent, but ELISA measures the level of certain
antigens in the blood. An arbitrary value of the level
is then chosen as an indication that the antibody is
present. As mentioned above, this level has been se-
lected so that the screening program, ELISA followed
by blot, is both extremely sensitive and extremely
specific.

Sometimes apparent false positives may not be false
positive at all. For example, informal clinical folklore
holds that women who are falsely positive at a screen-
ing examination are more likely to develop breast
cancer than those who are screened negative. (In this

‘case, a false positive means that the mammogram is

positive but the confirmatory biopsy is negative.) A
possible explanation for elevated risk among false
positive screenees is that apparently nonspecific
screening tests may indeed be identifying a cohort
characterized by a stage of disease the so-called
gold standard fails to recognize. Mammography,
which identifies some noncancerous lesions, may be
identifying a type of lesion that is likely to become
malignant.

Professor Gastwirth’s valuable paper should provide
a starting point for the estimation of the predictive
value of a positive screening test. His insight that the
variance of the estimate is large when the population
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prevalence is low is, I believe, especially relevant when
screening is not voluntary.
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Professor Gastwirth addresses an important and
interesting problem, the evaluation of medical screen-
ing procedures and programs.

The examples of AIDS screening with enzyme-
linked immunosorbent assay (ELISA) and the use of
the polygraph to detect deceptive individuals raise the
broader questions of how to estimate the sensitivity
and specificity of a screening test and how to imple-
ment and monitor the widespread use of a test in a
population. The difficulties in the estimation of C
arise from the practical issues of obtaining useful
estimators of the sensitivity and specificity from in-
complete data often in the absence of confirmatory
testing of negatives on screening. The precision of €
is a function of the precision of the component esti-
mators that may themselves have large variances
depending upon the method of estimation.

I would like to clarify the terminology used
by Gastwirth. The traditional false negative rate or
Neyman-Pearson type I error is defined as the pro-
portion of “diseased” individuals who are negative on
screen or (1 — sensitivity); the false positive rate,
analogous to the type II error, is defined as the pro-
portion of “nondiseased” individuals who are positive
on screen or (1 — specificity) (Goldberg, 1975). These
rates do not depend on the prevalence. The predictive
value of a positive test, Gastwirth’s C, the quantity
'of interest in this paper, was originally defined by
Vecchio (1966) and does depend on the disease prev-
alence as does the predictive value of a negative test
or (1 — F) in Gastwirth’s discussion. Gastwirth’s F is
not the traditional false negative rate nor is C the
traditional true positive rate (Tables 1 to 3).

Goldberg and Wittes (1978) estimate the traditional
false negative rate (1 — sensitivity) of a screening
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program, and not F as indicated by Gastwirth.
The estimator depends on a capture-recapture
estimator of the number of diseased individuals in the
population. The observed data used to obtain the
estimate are the numbers of positives on each of two
distinct screening mechanisms; the prevalence of the
disease is not estimated. The proposed estimators are
useful when no confirmatory test is administered to
individuals who are negative on the dual screening."

For example, in the Health Insurance Plan breast
cancer screening program, a randomized trial designed
to evaluate periodic screening with mammography and
clinical examination, negatives on screen were re-
turned to the population pool (Shapiro, Strax, Venet
and Venet, 1973). The false negative rates estimated
from this study vary and have wide confidence inter-
vals even when the population is stratified into rea-
sonably homogeneous groups.

In his paper, Gastwirth examines the estimated
standard errors of C when prevalence and sample size
vary with sensitivity and specificity held fixed (and
assumed lfnown or estimated from another source).
Because C depends on the error rates as well, the
sensitivity analysis should address the implications on

- estimation of the range of possible error rates for

useful screening tests.

For diseases of low prevalence (7 < .05), the bias in
the estimator of the proportion positive on screening
when there is misclassification depends primarily on
the false positive rate (Goldberg, 1975). C depends on
the misclassification rates both directly and indirectly
through the estimator of the proportion positive on
screening.

Gastwirth points out that prevalence can vary from
group to group. It is just as likely that the false
negative and false positive rates will vary from group
to group for the same test (Goldberg, 1975). Thus, the
analysis of the sensitivity of the precision of C should
address first the sensitivity of C itself to underlying
prevalence and error assumptions because a precise,



