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Decision curve analysis (DCA) is a method for evaluating the ben-
efits of a diagnostic test across a range of patient preferences for
accepting risk of undertreatment and overtreatment to facilitate

decisions about test selection
and use.1 In this issue of JAMA,
Siddiqui and colleagues2 used
DCA to evaluate 3 prostate

biopsy strategies: targeted magnetic resonance/ultrasound fusion
biopsy, standard extended-sextant biopsy, or a combination, for
establishing the diagnosis of intermediate- to high-risk prostate
cancer. Their goal was to identify the best biopsy strategy to ensure
prostatectomy is offered to patients with intermediate- and high-
risk tumors and avoided for patients with low-risk tumors.

Use of the Method

Why Is DCA Used?
When patients have signs or symptoms suggestive of but not diag-
nostic of a disease, they and their physician must decide whether
to (1) treat empirically, (2) not treat, or (3) perform further diagnos-
tic testing before deciding between options 1 and 2. The decision to
treat depends on how confident the clinician is that the disease is
present, the effectiveness and complications of treatment if the dis-
ease is present, and the patient’s willingness to accept the risks and
burden of a treatment that might not be necessary. A diagnostic test
may provide additional information on whether the disease is
present.3 Decision curve analysis is a method to assess the value of
information provided by a diagnostic test by considering the likely
range of a patient’s risk and benefit preferences, without the need
for actually measuring these preferences for a particular patient.1

A key concept in DCA is that of a “probability threshold,” namely,
a level of diagnostic certainty above which the patient would choose
to be treated. The probability threshold used in DCA captures the
relative value the patient places on receiving treatment for the dis-
ease, if present, to the value of avoiding treatment if the disease is
not present. If the treatment has high efficacy and minimal cost, in-
convenience, and adverse effects (eg, oral antibiotics for community-
acquired pneumonia), then the probability threshold will be low; con-
versely, if the treatment is minimally effective or associated with
substantial morbidity (eg, radiation for a malignant brain tumor), then
the probability threshold will be high.

The net benefit, or “benefit score,” is determined by calculat-
ing the difference between the expected benefit and the expected
harm associated with each proposed testing and treatment strat-
egy. The expected benefit is represented by the number of pa-
tients who have the disease and who will receive treatment (true
positives) using the proposed strategy.

The expected harm is represented by number of patients with-
out the disease who would be treated in error (false positives) mul-
tiplied by a weighting factor based on the patient’s threshold prob-
ability. The weighting factor captures the patient’s values regarding

the risks of undertreatment and overtreatment. Specifically, the
false-positive rate is multiplied by the ratio of the threshold prob-
ability divided by 1 − the threshold probability. For example, if the
treatment threshold is 10% (0.1) for a patient with possible pneu-
monia, then the weighting factor applied to the number of patients
without pneumonia treated in error would be 0.1/0.9, or one-ninth,
minimizing the effect of false-positive results because the burden
of unnecessary treatment is low. Conversely, for a patient with a
brain mass that is possibly malignant, the probability threshold
might be 90% (0.9), leading to a weighting factor of 0.9/0.1, or 9,
and greatly increasing the effect of the risk of false-positive results
with any proposed testing and treatment strategy.

Graphically, the DCA is expressed as a curve, with benefit score
on the vertical axis and probability thresholds on the horizontal axis.
A curve is drawn for each approach that might be taken to establish
a diagnosis. Another line is drawn to show what happens when no
treatment is ever given (ie, no net benefit), and another curve is
drawn as if all patients receive treatment irrespective of test re-
sults. For any given patient’s probability threshold, the curve with
the highest benefit score at that threshold is the best choice.1

If one curve is highest over the full range of probability thresh-
olds, then the associated diagnostic approach would be the best de-
cision for all patients, regardless of individual values, and a clinician
can use this approach uniformly. If the curves cross, then the opti-
mal approach will depend on the patient’s risk tolerance, ex-
pressed through their probability threshold.

What Are the Limitations of the DCA Method?
For diseases that are not well studied, there may be insufficient
knowledge regarding patient preferences to determine the rel-
evant range of threshold probabilities. Even when the likely range
of probability thresholds is known, if the decision curves cross within
that range, then the clinician must delve deeper into individual pa-
tient preferences to choose a testing and treatment strategy.3

Caution should be used in interpreting DCAs based on pub-
lished ranges of threshold probabilities, particularly when there are
many treatment options available to a patient. A patient is likely to
have a different threshold probability if treatment is, for example,
radiation rather than prostatectomy. The threshold probability needs
to apply to a well-defined path of treatment.

Decision curve analysis does not explicitly account for the
costs (monetary costs, time lost, physical or psychological discom-
fort, etc) associated with the diagnostic test. Further, if the diag-
nostic test provides information about how to treat as well as
whether to treat (eg, a biopsy that yields both a cancer diagnosis
and tumor type, allowing the selection of a specific therapy), the
decision curve does not incorporate the value of this additional
information.

Another challenge in correct implementation of DCA is that the
data required for establishing the curve are often difficult to ob-
tain. There must be sufficient study data for the population of in-
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terest to whom the diagnostic test has been applied and the true
state of the disease known for each patient at the time of the test.
A fairly large patient study may be needed to establish estimates of
traditional measures of accuracy (sensitivity, specificity).

Why Did the Authors Use DCA in This Particular Study?
There is controversy surrounding the benefits of screening and in-
tervention relative to the costs of unnecessarily treating low-risk
prostate cancers.4,5 Justification for use of MR/ultrasound fusion–
guided biopsy with ultrasound-guided biopsy to diagnose prostate
cancer must be shown to benefit a broad range of patients.

How Should DCA Findings Be Interpreted in This Particular Study?
The DCA reported by Siddiqui et al2 showed that for patients with
threshold probabilities of 0% to 30%, representing a relative pref-
erence for empirical treatment, the net benefit is greatest if all pa-
tients are treated and that the diagnostic tests do not add suffi-
cient information to improve care (Figure). In this range of threshold
probabilities, patients appear to be more concerned about missing

a diagnosis of cancer than about receiving unnecessary treatment.
For midrange threshold probabilities of 30% to 75%, the targeted
biopsy approach is superior to other strategies, including the 2 other
diagnostic approaches evaluated. For higher thresholds (>75%) at
which patients may be more concerned about unnecessary treat-
ment than missed cancer, the option to not treat is preferred and
neither diagnostic test has value.

Caveats to Consider When Looking at Results Based on DCA
One shortcoming of this study was the use of a subset of 170 pa-
tients who underwent prostatectomy in constructing the DCA. These
patients self-selected for prostatectomy after learning the results
of their targeted and standard biopsies. This group primarily com-
prised men who had higher cancer risk, resulting in potential bias
when estimating false positives, false negatives, and other diagnos-
tic measures. The patients classified as low risk who still opted for
prostatectomy are patients with low probability thresholds, who
might also be different from the broader population of men with
symptoms or findings suggesting prostate cancer.
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Figure. Net Benefit as a Function of a Threshold Probability of Intermediate- to High-Risk Prostate Cancer
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Threshold probability refers to the
point at which a patient considers the
benefit of treatment for
intermediate- to high-risk prostate
cancer equivalent to the harm of
overtreatment for low-risk disease
and thus reflects how the patient
weights the benefits and harms
associated with this decision. The
highest curve at any given threshold
probability is the optimal
decision-making strategy to
maximize net benefit. Net benefit
was maximized with threshold
probabilities of 0%-30% by the
“treat all” approach; with threshold
probabilities of 30%-75%, net benefit
was maximized by the targeted
magnetic resonance (MR)/ultrasound
fusion approach; and with
75%-100%, net benefit was
maximized by the “treat none”
approach. (Adapted from
Supplement, Siddiqui et al.2)
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