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Abstract

Objectives: Compare the area under the receiver operating characteristic curve (AUC) vs. the area under the precisionerecall curve
(AUPRC) in summarizing the performance of a diagnostic biomarker according to the disease prevalence.

Study Design and Setting: A simulation study was performed considering different sizes of diseased and nondiseased groups. Values of
a biomarker were sampled with various variances and differences in mean values between the two groups. The AUCs and the AUPRCs were
examined regarding their agreement and vs. the positive predictive value (PPV) and the negative predictive value (NPV) of the biomarker.

Results: With a disease prevalence of 50%, the AUC and the AUPRC showed high correlations with the PPV and the NPV (r O 0.95).
With a prevalence of 1%, small PPVand AUPRC values (!0.2) but high AUC values (O0.9) were found. The AUPRC reflected better than
the AUC the discriminant ability of the biomarker; it had a higher correlation with the PPV (r 5 0.995 vs. 0.724; P ! 0.001).

Conclusion: In uncommon and rare diseases, the AUPRC should be preferred to the AUC because it summarizes better the performance
of a biomarker. � 2015 Elsevier Inc. All rights reserved.

Keywords: Area under the curve; Binary biomarker; Performance assessment; Precision-Recall curve; Rare events; Receiver operating curve

1. Introduction

Assessing the performance of a diagnostic biomarker and
comparing the performances of several biomarkers are
important issues in medicine. Sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive value
(NPV) are recommended indicators that evaluate diagnostic
performance [1]. The PPV and the NPV are particularly
interesting in case of low disease prevalence [2]; however,
they rely on the choice of a threshold biomarker value that
classifies the subjects into diseased and nondiseased. As the
optimal threshold may depend on various characteristics of
the population, global measures have been proposed.

The receiver operating characteristic (ROC) curve is
often considered as the standard mean for depicting
biomarker performance over all biomarker thresholds. Its
properties and associated indices have been extensively

studied [3], but its relevance in case of rare events is still
debated. Indeed, only a few works have dealt with rare dis-
eases or medical imaging data whose prevalence is typi-
cally very low (eg, Wilson disease whose worldwide
prevalence is estimated at 30 per 1 million [4] or the pro-
portion of lesioned to nonlesioned pixels on stroke images
that is frequently lower than 1% [5]).

In the field of information retrieval where there are
important differences between the small number of relevant
documents and the huge number of irrelevant ones, the
ROC curve seems to overestimate the performance of
several retrieval methods [6,7]. This is why an alternative
method is used: the precisionerecall (PR) curve [7,8].

At a fixed prevalence, Davis and Goadrich [7] have
shown that there was a one-to-one correspondence between
the ROC curve and the PR curve. However, other authors
have shown that the area under the ROC curve (AUC)
and the area under the PR curve (AUPRC) are not equiva-
lent but show very large differences [9]. In the case of rare
events, some authors have recommended the use of the
AUPRC instead of the AUC [7]; however, up to now, no
comparisons are readily available.
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What is new?

� In case of low-prevalence diseases, the area under
the ROC curve (AUC) may overestimate the per-
formance of a biomarker.

� At low prevalence, the area under the precisionere-
call curve (AUPRC) provides a better agreementwith
the positive predictive value of a biomarker.

� The AUPRC should be preferred over the AUC for
the evaluating uncommon or rare disease biomarkers.

� The AUPRC should not be compared between pop-
ulations with different disease prevalences because
their values are prevalence dependent.

The present article compares the abilities of the AUC
and the AUPRC in summarizing the classification perfor-
mance of a biomarker according to the disease prevalence.

2. Methods

2.1. The ROC curve

The ROC curve is a graphical technique used to assess
the diagnostic accuracy of a continuous biomarker. It dis-
plays a trade-off between the sensitivity and the specificity
of the biomarker over all possible biomarker threshold
values. Using the conventional abbreviations (TP, FP, FN,
and TN for the number of true positive, false positive, false
negative, and true negative subjects), sensitivity equals TP/
(TP þ FN) and specificity equals FP/(TN þ FP).

The AUC is a summary index of the biomarker perfor-
mance. It ranges from 0.5 to 1 and corresponds to the prob-
ability that biomarker values from a randomly selected pair
of diseased and nondiseased subjects are correctly ordered
[3]. In this technique, sensitivity and specificity are unaf-
fected by the disease prevalence and so is the AUC [6].

2.2. The precisionerecall (PR) curve

The PR curve is an alternative approach for assessing the
performance of a biomarker. It displays the trade-off be-
tween precision (instead of specificity) and sensitivity (also
called recall) over all possible biomarker threshold values.
Precision is the ratio TP/(TP þ FP), which corresponds to
the PPV in the ROC approach. The PR curve focuses on
the ability of the biomarker to identify diseased subjects;
it ignores the correctly classified healthy subjects (TN),
which is the dominant group in case of low-prevalence dis-
ease. Unlike a ROC curve, a PR curve is not necessarily
monotonic across all biomarker thresholds because an in-
crease in the threshold can decrease TP or FP.

The AUPRC is a summary statistic that reflects the abil-
ity of a biomarker to identify the diseased group. Denoting
by x a biomarker value taken from the biomarker distribu-
tion in the diseased group, the AUPRC can be interpreted as
the expectation, over all the possible x values, of the pro-
portion of diseased subjects among all those whose
biomarker value exceed x [8]. The values of the AUPRC
range from 0 to 1, but whereas the expected value for
random guessing of the AUC is 0.5, that of the AUPRC
is prevalence dependent and tends to 0 when the prevalence
decreases. Details on the estimation of the AUPRC and its
confidence interval (with R codes) can be found in a recent
article by Boyd et al. [8].

2.3. The simulation study

Simulations were performed on biomarker values that
follow normal distributions in diseased and nondiseased
subjects. The variance of the nondiseased group was fixed
to s1 5 1, and the variance of the diseased group could
range from s2 5 0.01 to 10. The difference between the
means (m2em1) was allowed to range from 0 to 5 by 0.25
increments (21 steps). The size of the nondiseased group
(n1) was fixed at 10,000, but the size of the diseased group
(n2) could range from 100 (prevalence: 0.0099) to 10,000
(prevalence: 0.5).

For each n2, s2, and (m2em1) combination, 1,000 sets of
biomarker values in diseased and nondiseased subjects
were generated. Then, at each prevalence value and at each
variance of the diseased group, Pearson correlation coeffi-
cients (r) were computed between the 21 � 1000 AUC
and AUPRC paired values obtained over all (m2em1) differ-
ences. r were also computed between AUC and PPV paired
values as well as between AUPRC and PPV paired values.

2.4. Biomarker performance assessment

The biomarker performance was evaluated using the PPV
and the NPV values calculated at the threshold at which the
proportion of subjects classified as diseased is equal to the
disease prevalence; that is, once the subjects are ranked in
ascending biomarker values, the first n1 subjects are consid-
ered as nondiseased and the remaining n2 subjects as
diseased. The PPV corresponds to the probability for a
biomarker-positive subject to have the disease, whereas
the NPV corresponds to the probability for a biomarker-
negative subject to be actually nondiseased. Then, the
AUC or the AUPRC should not be high for low values of
the PPV or the NPV whatever the biomarker threshold.

3. Results

Table 1 lists that, at prevalence 0.5, the correlation be-
tween the AUC and the AUPRC is excellent (r 5 0.990);
besides, the AUC and the AUPRC reflected correctly the
classification performance of the biomarker (correlations
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