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Technical Note

Determining the Area under the ROC Curve
for a Binary Diagnostic Test
SCOTT B. CANTOR, PhD, MICHAEL W. KATTAN, PhD
The authors provide a simple calculation for the unbiased estimation of the area under
the ROC curve for a binary diagnostic test or a continuously valued test result that is
effectively used in a binary way. The formula described can be used to interpret the
discriminative ability of a diagnostic test. Key words: ROC curve analysis, binary diagnostic test; discriminative ability. (Med Decis Making 2000;20:468-470)

Receiver operating characteristic (ROC) curve analis used to determine the discriminative ability
of a diagnostic test/ A common metric for determining the level of discriminative ability is the area
under the ROC curve (AUC), which ranges from 0.5
for a test with no discriminative ability at all (i.e., the
test is as good as tossing a coin to determine
whether or not the test result should be classified
as&dquo;positive&dquo;) to 1.0 for a test with perfect discrimination.
Some diagnostic tests are binary, such that only
one cutoff point is available, i.e., only one pair of
values for sensitivity and specificity exists. In addi-

the point in the bottom left corner of the figure that
classifies all samples as &dquo;negative&dquo; (sensitivity
0;
specificity = 1), with the point representing the binary test (sensitivity = SENS; specificity = SPEC). The
first line segment has slope equal to the likelihood
ratio for a &dquo;positive test result,&dquo; i.e., slope = positive
likelihood ratio = P(T+ID+)/P(T+ID-).
The second line segment connects the point representing the binary test with the point located in
the top right corner of the figure that classifies all

diagnostic tests theoretically have more
cutoff point but are effectively employed
as binary. When used, they are reported in the literature with only one set of values for sensitivity and
specificity. We report a way to determine the area
under the ROC curve for a binary diagnostic test
where only one cutoff point or one paired value of
sensitivity and specificity is used.
Assume the diagnostic test has one pair of values
for sensitivity and specificity, designated SENS and
SPEC, respectively. The ROC curve for a binary (positive-negative) test consists of two line segments (see
figure 1). The first line segment connects the origin,

likelihood ratio =
Divide the region under the ROC curve into three
sections: triangle A, rectangle B, and triangle C. The
sum of the areas of the individual sections constitutes the area under the ROC curve. The formula
for the area of a triangle is A = %’ base’ height. The
formula for the area of a rectangle is A = base

ysis

tion,

some

than
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1; specificity
samples as &dquo;positive&dquo; (sensitivity
0). The second line segment has slope equal to the
likelihood ratio for a &dquo;negative test result,&dquo; i.e., slope
=

=

P(T-~D+)/P(T-~D-).*
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height.
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B has sides of

SPEC

length

and

SENS.

and (1 - SENS).

SPEC

and

SENS.

*If we have a poor diagnostic test, so that both line segments
have slopes close to 1.0, the ratio of net costs of treating nondiseased individuals compared with the net benefits of treating
diseased individuals (the C/B ratio) of the clinical situation may
identify the optimum cutoff point as either a test with perfect
specificity and no sensitivity or a test with perfect sensitivity and
no specificity. This may happen because the slopes of the two
line segments do not straddle the critical slope R = (1 - p[D])/
p[D] - (C/B), where p[D] is the prevalence of disease. See Cantor
et al. for details.2
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Therefore,

The

under the ROC
of regions A, B, C.

area

areas

curve

is the

sum

of the

False Positive Rate (1-specificity)
Plot of receiver operating characteristic (ROC)
FIGURE 1
with only one paired value of sensitivity and specificity.

Thus, the
test with
+

under the ROC curve for a diagnostic
single operating point is equal to ’/2 - (SENS

area

a

SPEC).f

Example 1. The AUC for any point on the chance
line (line of no discriminative ability) in a ROC diagram is 0.50. The line is such that SENS = 1 - SPEC.

Example 2. A perfect test has sensitivity and specificity equal to 1; this test also has area under the
ROC curve equal to 1.0.

tests with their ROC
line
have the same area
points
given 45-degree
under the ROC curve. These tests all have the same
Youden index, as defined by SENS + SPEC - 1 = Y,
where Y is a constant between 0 and 1 for a useful
(but not perfect) diagnostic test.3 Thus, in this special
case, the area under curve can be computed as follows :

Example

3. In

fact, all binary

on a

t Another geometric proof is plausible
divides the

In this alternative

con-

region under the ROC curve in figure
1 into two triangles by drawing a line from the point representing the binary diagnostic test to the bottom right corner of the
plot The triangle on the left has a base of length 1 and height
of SENS; the triangle on the right also has a base of length 1 but
a height of SPEC Thus, the triangles have areas of 1jz’SENS and
1/2-SPEC respectively, and the total area of the curve is the sum
of the two triangular regions or 1jz’(SENS + SPEC), the same result
as presented in the text.
struction,

curve

one

Example 4. A diagnostic test of good accuracy
might have sensitivity equal to 0.8 and specificity
equal to 0.8. By the above formula, the area under
the receiver
be 0.8.

operating characteristic

curve

will also

Discussion
The simple calculation provided here yields an
unbiased estimate of the area under the ROC curve
for a binary diagnostic test or a continuously valued
test result that is effectively used in a binary fashion.
An example of the latter is serum prostate-specific
antigen (PSA) level in the decision to biopsy for prostate cancer.4 While PSA takes on continuous values
with a minimum of 0, many urologists simply recommend biopsy when the PSA is above 4.0 ng/mL.
Our method would not be suitable for judging PSA
when used as a continuous diagnostic test but
would be appropriate for judging its ability to detect
cancer when used in this binary fashion.
Gaussian methods are available for approximating
the entire ROC curve when only one cutoff point is
given. The methods used for determining sample
size for studies of the ROC curve area when the literature provides only one pair of estimates for sensitivity and specificity can be extended by creating
a family of plausible ROC curves6; the area under
the ROC curve can then be calculated using nonparametric methods.’ Clearly, the method presented
in the present paper underestimates the more
&dquo;fuller,&dquo; concave curve that would be available if all
the cutoff points had been reported. However, the
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method described in the present paper evaluates the
discriminative ability of a test in its simplest dichotomous

version.

computed the area under the ROC curve
for a single operating point based on a geometric
construction. The usefulness of this computation
might be based on the interpretation of the area under the curve. In other words, students who are beginning to learn about ROC curve analysis typically
ask, &dquo;What is the area under the ROC curve for a
good diagnostic test?&dquo; Or more typically,&dquo;The area
under the ROC curve for a diagnostic test I wish to
evaluate is 0.85. Is this a great, good, or fair diagnostic test?&dquo;
Students and evaluators of diagnostic tests can
now point to the simple formula described in this
paper to interpret the discriminative ability of a diagnostic test. Weinstein and Fineberg/ in their discussion of ROC curve analysis, present a figure representing three diagnostic tests. These tests have
approximate areas under the curve of 0.8, 0.65, and
We have

of &dquo;good&dquo; discriminative ability. Similarly, if students
understand that a diagnostic test with sensitivity and
specificity equal to 0.95 is of &dquo;excellent&dquo; discriminative ability, then those students should consider
an area under the ROC curve of 0.95 to be &dquo;excellent&dquo; as well.
The authors thank the reviewers for their contributions that enhanced the clarity of the manuscript.
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Correction
in the article, Development of a pediatric multiple organ dysfuncof two strategies (Leteurtre et al., Med Decis Making 1999;19:399-410).
On page 407, in the right column, line 9 states that &dquo;No death occurred in patients
with PEMOD or PELOD scores of 0, whereas the PICU mortality rate was 100% for
patients with PEMOD score >50 or PELOD score >26.&dquo; The last part of the sentence
should be changed as follows: &dquo;whereas the PICU mortality rate was 100% for patients
with PEMOD score > 19 or PELOD score >50.&dquo;
An

error

tion

Semin Nucl Med.

1978;8:283-98.

0.5, indicating &dquo;good,&dquo; &dquo;fair,&dquo; and &dquo;poor&dquo; discriminative abilities. Biggerstaff9 extends the geometric
approach we used by illustrating innovative methods
for the comparison of rival binary diagnostic tests.
Certainly, students may benefit from graphic presentations of areas under the ROC curve.
However, students may have a better sense of the
relative accuracy of a diagnostic test based upon the
values of sensitivity and specificity. If, for example, a

Metz CE. Basic

appeared

score: use

Downloaded from mdm.sagepub.com at University of British Columbia Library on November 22, 2010

