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Abstract

Clinical and Laboratory Standards Institute document EP24-A2—Assessment of the Diagnostic Accuracy of Laboratory Tests
Using Receiver Operating Characteristic Curves; Approved Guideline—Second Edition provides guidance for laboratorians and
manufacturers who assess clinical test accuracy. It is not a recipe; rather, it is a set of concepts to be used to design an assessment
of test performance or to interpret data generated by others. In addition to the use of ROC curves and comparison of two curves,
the document emphasizes the importance of defining the question, selecting a sample group, and determining the “true” clinical
state. The statistical data generated can be useful whether one is considering replacing an existing test, creating or adding a new
test, or eliminating a current test.
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Foreword

Laboratorians, investigators, in vitro diagnostic manufacturers, and clinicians are often interested in how
well a test performs clinically. This is true whether considering replacing an existing test with a newer
one, adding a new test to the laboratory’s menu, eliminating tests where possible, or evaluating the
diagnostic power of a laboratory test relative to another clinical or diagnostic tool. This project was
originally intended to make recommendations about assessing the clinical performance of diagnostic tests.
The concepts of Swets and Pickett' were adopted, whereby clinical performance is divided into (1) a
discriminatory or diagnostic element (diagnostic accuracy) and (2) a decision or efficacy element.
Laboratory tests are ordered to help answer questions about patient management. How much help an
individual test result provides is variable and, in any case, a highly complicated issue. Management
decisions and strategies are complex activities that require the physician to consider probabilities of
disease, quality of the data available, effectiveness of various treatment/management alternatives,
probability of outcomes, and value (and cost) of outcomes to the patient. Many types of clinical data
(including laboratory results) are usually integrated into a complex decision-making process. Most often,
a single laboratory test result is not the sole basis for a diagnosis or a patient-management decision.

Therefore, some have criticized the practice of evaluating the diagnostic performance of a test as if it were
used alone. However, each clinical tool (eg, a clinical laboratory test, an electroencephalogram, an
electrocardiogram, a nuclide scan, an X-ray, a biopsy, a pulmonary function test, or a sonogram) is meant
to make some definable discrimination. It is important to know just how inherently accurate each test is as
a diagnostic discriminator. Note that assessing diagnostic accuracy, without engaging in comprehensive
clinical decision analysis, is a valid and useful activity for the clinical laboratory. Diagnostic accuracy is
the most fundamental characteristic of the test itself as a classification device; it measures the ability of
the test to discriminate among alternative states of health. In the simplest form, this property is the ability
to distinguish between just two states of health or circumstances. Sometimes this involves distinguishing
health from disease; other times it might involve distinguishing between benign and malignant disease,
categorizing subjects as responding to therapy vs those not responding, or predicting who will become ill
vs who will not. This ability to distinguish or discriminate between two states among subjects is a
property of the test itself.

Indeed, the ability of the test to distinguish between the relevant alternative states or conditions of the
subject (ie, diagnostic accuracy) is the most basic property of a laboratory test as a device to help in
decision making. Note that this basic property cannot be separated from the clinical problem being
addressed and the spectrum effect of the mix of subject states on which the test system is based. This
property is the place to start when assessing the value of a test in the patient-management process.

Exploration of the usefulness of medical information, such as test data, involves a number of factors or
parameters that are not properties of the test system; rather, they are properties of the circumstances of the
clinical application. These include the probability or prevalence of disease, the possible clinical outcomes
and the relative values of diagnostic outcomes, the costs to the patient (and others) of incorrect
information (false-positive and false-negative classifications), and the costs and benefits of various
treatment options. These characteristics or properties form the context in which test information is used,
but are not properties of the test system. These factors interact with test results to affect the usefulness of
the test, but do not affect test accuracy.

In summary, diagnostic accuracy is defined as the basic ability to discriminate between two subclasses of
subjects when there is some clinically relevant reason to separate them. This concept of diagnostic
accuracy refers to the quality of the information (classification) provided by the test, which should be
distinguished from the practical usefulness of the information.! Both are aspects of test performance. The
assessment of diagnostic accuracy is the place to start in evaluating test performance. If a test cannot
discriminate between clinically relevant subclasses of subjects, then there is little incentive to further
explore a possible clinical role. If, on the other hand, a test does exhibit a substantial ability to
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discriminate, then by examining the degree of accuracy of the test and/or by comparing its accuracy to
that of other tests, one can decide whether to delve into a more complex assessment of its role in patient
management (decision analysis). This document addresses the assessment of diagnostic accuracy but not
the analysis of usefulness or the role of the test in the patient-management process.

In this second edition of the guideline, the document development committee has provided more details
on the construction and interpretation of receiver operating characteristic (ROC) curves. Many more
examples are included to help the reader assess an individual curve and its associated area under the
curve, as well as to compare two curves. Sample size calculations are provided for the first time.

NOTE: Although a step-by-step technique for generating ROC curves has been presented in EP24, it is
assumed that most users of this guideline will access commercially available software for this task.

Key Words
Area under the curve, diagnostic accuracy, false-negative fraction, false-positive fraction, medical

decision level, receiver operating characteristic curve, sensitivity, specificity, true-negative fraction, true-
positive fraction
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Assessment of the Diagnostic Accuracy of Laboratory Tests Using Receiver
Operating Characteristic Curves; Approved Guideline—Second Edition

1 Scope

This guideline outlines the steps and principles of prospectively planned and retrospective studies to
evaluate the intrinsic diagnostic accuracy of a clinical laboratory test, defined as its fundamental ability to
discriminate correctly among alternative states of health. It is not intended to help determine how best to
use a diagnostic test in clinical practice, but instead to determine how accurate a laboratory test is in terms
of diagnostic sensitivity and specificity.

Receiver operating characteristic (ROC) curve methodology arose in response to needs in electronic
signal detection and problems with radar in the early 1950s.” It is derived from conditional probabilities,
as originally formulated by Bayes.® This guideline aims to define ROC curves and to explain how to
design, construct, interpret, and apply the information from ROC studies to evaluate diagnostic tests. For
simplicity, only continuous scales, such as those typical for in vitro diagnostic tests, are discussed. The
clinical condition that the test is intended to detect must be verifiable through some means other than the
test under investigation. In other words, there must be an independent clinical reference standard against
which one can compare the test. By selecting cutoffs between positive and negative diagnoses along the
continuous scale of the test, the diagnostic outcomes for these decision levels are compared to the true
clinical condition, which, in turn, generates the ROC curve.

This guideline will be of value to a wide variety of possible users, including:
e Investigators who are developing new tests for specific applications

e Manufacturers of reagents and devices for performing tests who are interested in assessing or
validating test performance in terms of diagnostic accuracy

o Regulatory agencies interested in establishing requirements for claims related to diagnostic accuracy

¢ Clinical laboratorians who are reviewing data or the literature, and/or generating their own data, to
make decisions about which tests to employ in their laboratories

o Health care or scientific workers interested in critical evaluation of data being presented on clinical
test performance

2 Introduction
An ROC curve provides the following advantageous properties:

e |t visually displays the performance of one or more diagnostic markers or tests across the entire
measuring interval.

e By plotting unitless values (sensitivity vs specificity or sensitivity vs 1 — specificity), one can
compare the diagnostic performance of two or more diagnostic markers or tests regardless of:
— Units of expression of different markers or tools (eg, mg/dL, mmol/L, U/L)
— Type of diagnostic test (eg, a clinical laboratory test, pulmonary function test, radiography)
— Type of biological sample analyzed (eg, serum vs urine, saliva vs blood)
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