Randomized Controlled Trials Are Not
Appropriate for Imaging Technology Evaluation

Tle randomized controlled trial
(RCT) is the only means of evaluating
the effectiveness of a new therapeutic
modality that can be expected to pro-
vide a definitive conclusion. Because 1
patient cannot be treated by 2 different
methods at the same time, 2 patient
populations are required for compari-
son of a new treatment and reference
method. Randomization is used to avoid
bias in the allocation of patients for
treatment by 1 method or the other, and
appropriately large patient numbers are
accrued to eliminate the effects of
population differences that occur ran-
domly. The number of patients re-
quired depends on the expected magni-
tude of the difference between the 2
methods under investigation, com-
pared with the magnitude of random
differences.

Determining the accuracy of a nonin-
vasive diagnostic technology does not
present the same problems, because 1
patient can undergo 2 different tests,
thereby eliminating problems that arise
from comparing 2 populations. When a
single study population is used, there
can be no difference in severity of
disease that the 2 technologies are used
to evaluate, and both technologies are
necessarily compared with the same
reference standard. By this means, the
number of patients that is needed to
reach a valid conclusion is greatly
reduced. The difference in diagnostic
results between the 2 tests can then be
used to determine the difference in
patient treatment that this would have
produced and to assess the effect on
treatment cost of using the new
modality.
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Use of the RCT to compare the
accuracy of 2 diagnostic modalities is
inappropriate, because the RCT has no
advantage in terms of validity and is
more difficult and expensive to per-
form. On the other hand, to measure
directly the effect of a diagnostic tech-
nology on patient survival, an RCT
does become necessary, because sur-
vival must be evaluated separately for
each technology under evaluation. Un-
fortunately, such trials are frequently
not possible in practice. In cancer man-
agement, for example, it is rarely pos-
sible to initiate an RCT in which the
only difference between the 2 arms of
the protocol is a single diagnostic test.
Even when this can be done, the inde-
pendent contribution of imaging to
survival is likely to be small, thereby
requiring very large sample sizes.

Even if a sufficiently large RCT of 2
diagnostic imaging modalities were per-
formed, unbiased results would be dif-
ficult to achieve. Double-blind evalua-
tions of imaging modalities are not
really possible, because the imaging
modality used is apparent from the
images produced. Also, the effect of a
therapeutic procedure in a blinded study
is independent of the physician, but
this is not the case for an imaging
modality in which the management
impact is dependent on the physician’s
diagnostic thinking. Can one expect a
clinician to use the result of a new and
unfamiliar test in exactly the same way
as the result of an established test with
which he or she is fully familiar? If the
technology cannot be disguised, physi-
cian bias will be difficult to avoid.

Unfortunately, these differences in
evaluation of diagnostic and therapeu-
tic modalities have frequently been lost
in the general enthusiasm for the RCT.
Individual experts in technology evalu-
ation, technology assessment organiza-
tions, and national government entities
have all referred to the unique validity
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of the RCT, often regarding with suspi-
cion results that have been obtained
through a different approach in experi-
mental design.

Most often quoted in support of such
views is an article by Fryback and
Thombury (/), in which the authors
presented a conceptual model for effi-
cacy assessment of diagnostic imaging
that included 6 levels of efficacy, with
the highest being the determination of
patient outcome by means of the RCT.
Fryback and Thornsbury also con-
cluded that such RCTs were rarely
possible and described effective alterna-
tives, but these observations appear to
have been ignored by many of their
readers. The authors made no reference
to the head-to-head comparison of tech-
nologies in a single population in their
general discussion of these issues (/),
but a subsequent article on increasing
the scientific quality of efficacy studies
was based on a head-to-head compari-
son of MRI and CT (2).

The early work of Fineberg (3) and
the more recent work of Fryback and
Thombury (/) and Thornbury et al. (2)
were based on a concept of a con-
tinuum of management efficacy,
whereby imaging was embedded in a
global clinical process. This process
included the steps of diagnostic accu-
racy efficacy, therapeutic efficacy, and
patient outcome efficacy, all of which
were regarded as being descriptive of
the imaging procedure. However, one
may alternately view diagnostic effi-
cacy, expressed as sensitivity and speci-
ficity, as a characteristic of the imaging
procedure and view therapeutic and
patient outcome efficacy as characteris-
tics of the clinical situation. The ques-
tion may be divided into 2 parts: How
good is the test at making the diagno-
sis, and how important is the diagnosis
to patient outcome? Rather than at-
tempting to answer both questions with
an RCT, one may determine sensitivity
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and specificity in a head-to-head com-
parison and separately address the is-
sue of whether the diagnosis will have
an impact on management and survival
by means of decision analysis. This is,
in effect, the approach that was pro-
posed by Thornbury et al. (2) in their
discussion of the scientific quality of
efficacy studies.

When all study patients undergo both
imaging procedures, it becomes impor-
tant to avoid interpretation bias by
ensuring that both sets of images are
read independently, without knowl-
edge of the result of the other test.
Ideally, the order in which the tests are
performed should be randomized, to
avoid any possibility of bias at the
initial reading. For this reading, all
relevant clinical information should be
available to the reader, to permit evalu-
ation of how the modalities perform in
the actual clinical situation. A second,
fully blinded reading in a controlled
environment could then be used to
evaluate the tests alone, without clini-
cal information, and to assess intra-
and interobserver variability (4).

Another problem that is encountered
in diagnostic technology evaluation is
failure to focus on the clinical purpose
of the test that is being evaluated, so
that making a management decision
becomes lost in a statistical exercise.
For example, it has been pointed out
that the greatest statistical power in the
determination of sensitivity and speci-
ficity is achieved by a study population
in which the prevalence of disease is
50% (5,6). For maximum statistical
validity, the study population should
also include a full range of disease
severity, both treated and nontreated
patients and patients with commonly
confused disorders (5,6). However, it is
likely that this statistically ideal popula-
tion will never be encountered in clini-
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cal practice; therefore, the clinical use
of this exercise is not always clear.
What is needed for the purposes of
patient management is an assessment
of diagnostic accuracy for specific indi-
cations, in which the prevalence and
severity of disease are determined by
the patients’ usual clinical presentation.

A review of published data in onco-
logic PET that was conducted by a
technology evaluation organization on
behalf of a government agency pro-
vided examples of these problems (6).
This review confused diagnostic and
therapeutic evaluations by “grading”
evidence from each study on the basis
of criteria that had been developed for
evaluation of treatment efficacy (7).
These criteria, which formed the basis
of the review, were focused on showing
“statistically significant treatment ef-
fect” and were inappropriate for the
purpose of evaluating a diagnostic tech-
nology. The review also criticized inves-
tigators for selecting patients according
to actual clinical indications, because
this approach failed to produce statisti-
cally oriented study populations.

Technology evaluation has been a
recognized field of study since the
1970s but has had little impact on
clinical technology use. Since 1980,
both CT and MRI have become incor-
porated in standard medical practice
without undergoing meaningful evalua-
tion. In part, this may have resulted
from the impracticality of focusing on
the RCT as the principal evaluation
tool, because investigators did not have
access to the resources that would have
been required for evaluation of a useful
number of clinical indications by this
means. Onerous requirements were de-
fined for the RCT, and other, more
practical methodologies were criticized
for not meeting these requirements.

It might be more productive in the
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future to focus on studies that directly
compare new and reference diagnostic
technologies in the same patient popu-
lation, which is selected for study on
the basis of usual clinical indications.
Such studies would require far less
time and other resources than RCTs
and could provide the guidance that
physicians and insurers need in making
utilization decisions. As a general tool
of diagnostic technology evaluation,
the RCT is inappropriate for the pur-
pose and is too difficult, expensive, and
time consuming to perform; it is not
cost effective for evaluation of imaging
technology.
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