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Screening effectiveness
...................................................................................

Outcome events in studies of
diagnostic or screening tests
N S Weiss
...................................................................................

How should they be defined?

J

udgements about the effectiveness of
most diagnostic or screening tests in
leading to improved health outcomes
typically incorporate data from several different types of research.1 For
example, the magnitude of the benefit of
screening diabetic patients for retinopathy can be estimated from combining
the results of separate studies that
estimate: (a) the frequency of positive
findings on retinal photography or on
ophthalmoscopy; (b) the accuracy of
these methods in identifying retinopathy
and in predicting visual loss; and (c) the
efficacy of photocoagulation in retarding
loss of vision.
In some circumstances, however, the
only way to judge the potential ability of
a test to lead to improved outcome is by
directly comparing, in a single study, the
experience of people who do and do not
receive the test with regard to the occurrence of the outcome that testing is
seeking to avert. This is commonly the
case when evaluating the effectiveness of
cancer screening, as generally it is not
possible to conduct a valid study that
corresponds to the efficacy of photocoagulation in retarding loss of vision—
that is an assessment of the efficacy of
treatment for screen detected cancer.
Examples of studies that monitor outcomes in people who do and do not
receive a given test, termed “one step
studies”1 to distinguish them from the
multistep approach that has been used to
investigate the effectiveness of such tests
as retinal photography or ophthalmoscopy, include randomised controlled
trials of mammography, clinical breast
examination, or breast self examination
relative to mortality from breast
cancer.2–5 These studies will find a decreased rate of an adverse outcome
among screened people only if the test is
accurate in identifying a disease precursor or the presence of preclinical disease;
and the treatment given after a positive
test is more effective than that which
would be given later for clinically evident
disease.
For most one step studies of screening
effectiveness, it is straightforward to
define the outcome that screening is
intending to avert. In a study of the
effectiveness of mammography—for example, that outcome would be death that
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occurred as a result of breast cancer or
the attempts to detect it. (There may be
ambiguities in arriving at an operational
definition of this, and further ambiguities when trying to decide for individual
women whether the operational definition has been met.6) However, some
studies of screening effectiveness have
designated outcome events in a way that
makes it difficult or impossible to identify a benefit from testing, should one
truly exist. The purpose of this commentary is to delineate the limitations of the
particular approaches used in these
investigations, and to examine alternative means by which their objectives
could be achieved.

EXAMPLE A
The effectiveness of testing is judged
by comparing outcomes in all tested
and non-tested members of the
study population, whether or not
they have the condition(s) that
testing seeks to uncover.
In a randomised controlled trial in
patients with low back pain, Kendrick et
al7 assigned half to receive radiography of
the lumbar spine and half to receive
usual care from their physicians. Nine
months later, functional status of the
nearly 200 participants enrolled in each
arm of the trial was assessed. The group
assigned to receive radiography fared
somewhat worse for this outcome than
the control group, but the difference was
modest and statistically compatible with
there being no true difference.
Apart from any psychological impact
it might have, radiography of the lumbar
spine has the potential to influence
functional status by virtue of its ability to
identify treatable conditions—such as a
tumour or an abscess. It has been
shown8 9 that radiography in patients
with low back pain identifies a relatively
low prevalence of abnormalities of this
type, perhaps 5% or less. Therefore, a
comparison of an outcome such as functional status in the whole of an intervention group and a control group, in which
at least 95% of patients do not have a
condition that could have been affected
by the intervention measure, will be virtually guaranteed of finding little or no
difference no matter how much benefit is
achieved in the test positive people.

For a randomised trial of the efficacy
of radiography of the lumbar spine to
have a reasonable chance of documenting that at least some patients benefited
as a result of undergoing this investigation, it would probably have to be one or
two orders of magnitude larger than the
one conducted by Kendrick et al. The
number of untoward outcomes occurring in patients with a tumour or abscess
in such a study would need to be
sufficiently large to enable the reliable
detection of a plausible difference in the
rate of these outcomes between tested
and untested patients. In the absence of
a study of this size we would be obliged
to adopt a multistep approach, estimating as best we can from several types of
research: (a) the frequency of tumours,
abscesses, etc, on x ray films of the lumbar spine in patients with low back pain;
(b) the accuracy of these x ray films in
detecting such abnormalities and in predicting adverse outcomes resulting from
them; and (c) the ability of the treatments administered after radiological
detection of tumours, abscesses, etc, to
improve upon the natural history of
these conditions.

EXAMPLE B
Although assessment of the
effectiveness of testing focuses on
people with the condition that the
test seeks to identify, it fails to
restrict its attention to just those
outcomes that are (or are likely to
be) the result of that condition.
Concato et al10 designed a case-control
study to estimate the degree to which
screening by means of prostate specific
antigen (PSA) or digital rectal examination (DRE) can reduce mortality from
prostate cancer. Among men diagnosed
with prostate cancer during 1991–5 who
had received outpatient care at any of 10
Veteran’s Administration Medical Centers during 1989–90, cases for the study
were those who died of any cause before
2000. Controls were selected from men
who received outpatient care for any reason during 1989–90 at these same
centers. When the study is completed,
the cases and controls are to be compared for the proportion who had been
screened by one or both methods before
any clinical suspicion of prostate cancer.
A limitation of the investigator’s approach derives from the fact that only
about a quarter of deaths in men
diagnosed with prostate cancer during
life are a direct or indirect consequence
of this disease. If screening influences
the probability of dying from prostate
cancer but not from other causes, then
........................................
Abbreviations: PSA, prostate specific antigen;
DRE, digital rectal examination
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Table 1 PSA screening in controls and in men who died as a result of
having prostate cancer
PSA Screening

Cases

Controls

Yes

30

200

No
Total

70
100

200
400

OR

95% CI

0.43

0.26 to 0.70

studies needs to: (a) focus on people who
have the potential to benefit by early
detection; and (b) in such people, focus
on those outcomes that early detection
has the potential to influence.
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Table 2 PSA screening in controls and in men with prostate cancer who
died of any cause
PSA Screening

Cases

Controls

Yes

30+150=180

200

No
Total

70+150=220
400

200
400

OR

95% CI

0.82

0.61 to 1.09

.....................
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CONCLUSION
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treatment of disease face several challenges that can limit their ability to
identify a benefit when one is truly
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