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Regulators and healthcare payers are increasingly demanding evidence that biomarkers deliver patient benefits
to justify their use in clinical practice. Laboratory professionals need to be familiar with these evidence require-
ments to better engage in biomarker research and decisions about their appropriate use.
This paper by a multidisciplinary group of the European Federation of Clinical Chemistry and Laboratory Medi-
cine describes the pathway of a laboratory assay measuring a biomarker to becoming a medically useful test.
We define the key terms, principles and components of the test evaluation process. Unlike previously described
linearly staged models, we illustrate how the essential components of analytical and clinical performances,
clinical and cost-effectiveness and the broader impact of testing assemble in a dynamic cycle. We highlight the
importance of defining clinical goals and how the intended application of the biomarker in the clinical pathway
should drive each component of test evaluation. This approach emphasizes the interaction of the different com-
ponents, and that clinical effectiveness data should be fed back to refine analytical and clinical performances to
achieve improved outcomes.
The framework aims to support the understanding of key stakeholders. The laboratory profession needs to
strengthen collaboration with industry and experts in evidence-based medicine, regulatory bodies and policy
makers for better decisions about the use of new and existing medical tests.
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Abbreviations: ACR, albumin:creatinine ratio; ACS, acute coronary syndrome; AMI, acute myocardial infarction; CRP, C-reactive protein; BNP, B-type natriuretic peptide; CE,
Conformité Européenne; CK-MB, creatine kinase MB isoform; cTn, cardiac Troponin; EFLM, European Federation of Clinical Chemistry and Laboratory Medicine (formerly abbreviated
as EFCC); EU, European Union; FDA, Food and Drug Administration; HbA1c, Hemoglobin A1c; hs-cTn, high sensitivity cardiac Troponin; IFCC, International Federation of Clinical
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1. Introduction

There is an increasing awareness that the introduction of costly new
medical interventions, including medical tests, can only be justified if
they deliver proportionate benefits to patients. Increased public,
media and political awareness of the harms from medical tests has
come fromdebates about the potential for over-diagnosis in asymptom-
atic patients [1] and concerns about the harms of direct-to-consumer
testing [2]. Weaknesses of the current systems to assure the quality
and clinical utility of in vitro medical devices (IVDs) have been pointed
out [3]. Amidst all this, the regulatory environment for therapeutic and
diagnostic technologies is changing rapidly. Revisions of the European
directives on medical [4] and in vitro diagnostic devices [5] are being
prepared in parallel. The ability of novelmedical tests to improve health
outcomes is also becoming more central in discussions about their
market entry and reimbursement. The increasing requirements for
clinical benefits and patient safety mirror public and political pressures
formore transparency. These processes are affecting theway novelmed-
ical tests and biomarkers are being developed, and are likely to reshape
the landscape of medical test evaluation. Laboratory professionals need
to be familiar with these evidence requirements to better engage in
biomarker research and in clinical and policy decisions about the appro-
priate use of laboratory tests.

Over the past decade landmark advances have been made to define
the types of evidence required to evaluate medical tests and distinguish
between the different phases of test evaluation from discovery to
assessment of cost-effectiveness [6–10]. There is less guidance, however,
about the most efficient approaches to produce this evidence and judg-
ing whether it is adequate for proving the clinical effectiveness of
biomarkers.

The evaluation of medical tests differs from comparable processes
for therapeutic interventions. One of the most important differences is
that medical testing rarely improves health outcomes directly. Testing
is usually part of a more complex clinical pathway where test results
guide treatment decisions, which include a variety of medical actions
and processes. All of these shape the final health outcomes for the
patients tested. Test evaluation therefore requires the consideration of
all the consequences of clinical management decisions that are guided
by the test results. An understanding of these more complex concepts
for test evaluation is becoming essential for informed decision making
by all potential stakeholders.

To help address these issues, the European Federation of Clinical
Chemistry and Laboratory Medicine (EFLM) has formed a Working
Group on Test Evaluation which consists of laboratory professionals,
clinical epidemiologists, health technology assessment experts and
representatives of the in vitro diagnostics industry. The primary purpose
of thisworking group is to provide key stakeholders, i.e. laboratory profes-
sionals, clinicians, researchers, manufacturers, policy makers and pur-
chasers, with guidance and practical tools for assessing the clinical
benefits of in vitro medical tests. In this introductory paper, the working
groupoutlines the key principles anddefines someof the key components
of contemporary approaches to test evaluation, such as analytical perfor-
mance, clinical performance, clinical effectiveness, cost-effectiveness,
and the broader impact of testing on social, psychological, legal, ethical,
societal, organizational and other consequences. We additionally pres-
ent a framework for the evaluation of medical tests that integrates
these components into a dynamic process. We illustrate the key princi-
ples and componentswith examples from the literature onHemoglobin
A1c (HbA1c) and cardiacmarkers, including cardiac Troponins (cTn) and
B-type natriuretic peptides (BNP).

2. Key definitions and principles

There is no international consensus on the terminology related to test
evaluation and numerous definitions exist in the literature. Table 1 lists a

number of alternative terms and illustrates the proposed definitions
with examples.

Under the general umbrella term of medical tests, which encom-
passes tests from all clinical disciplines, specialties, or types (laboratory,
histopathology, imaging, and others), we define and focus this paper on
in vitro medical tests only; yet the key messages outlined here can also
be adapted to any other forms of medical tests. We distinguish in vitro
medical or laboratory assays and measurement procedures [11] from
biomarkers that are measured by these assays [12].

From the regulatory and medical laboratory perspective, test evalua-
tion refers to a set of processes which start when a laboratory assay
capable of measuring a biomarker with potential application in clinical
care becomes available. Ideally, and before the test evaluation process
starts, the potential purpose of the new marker is defined to address
an unmet clinical need. Laboratory assays can then be developed tomea-
sure the marker with this purpose in mind. For example, in the field of
cardiac biomarkers, CK-MB and Troponins are considered as tests of
myocardial damage, but clinicians have long been waiting for non-
invasive markers that can predict myocardial infarction before cell dam-
age happens. An early research finding revealed that endothelial cells are
shed from coronary arteries several days to weeks before heart attack.
This finding led to the development of a method to measure circulating
endothelial cells [13]. Translation of such primary findings usually starts
with proof-of-concept studies which explore the association of the
disease or condition with the new potential biomarker, usually in dis-
eased versus control patients. Such ‘case–control’ designs tend to
overestimate the clinical performance of a diagnostic assay, as they are
designed to test proof of concept. Additional study designs are required
for other phases in the medical test evaluation process.

The key principle of medical test evaluation is the fundamental pre-
mise that the introduction of any new test should eventually improve
health outcomes, or provide other benefits, e.g. reduce costs, or simplify
health care delivery without compromising the well-being of patients.
Therefore evaluation begins with defining the potential health out-
comes (benefits and harms) of introducing the test. Health outcomes
should include consequences most relevant to patients. As discussed
by Porter, these include survival, sustaining health, achieving recovery,
improving functioning and reducing complications [14]. It also includes
process outcomes such as reducing delays in time to diagnosis which
also have direct patient benefits for reducing anxiety and improving
treatment outcomes [14].

New tests should provide added benefit for patients or society over
currently existing clinical pathways. Clinical pathways (also termed as
clinical care pathways or test-treatment pathways) describe the typical
processes of care for managing a specific condition in a specific group of
patients [15], and provide a map that links testing to health and other
outcomes (Table 1). The clinical pathway therefore plays a central role
in the test evaluation process. Its description can be supported by infor-
mation in well accepted best practice guidelines. For example, the
National Institute for Health and Care Excellence (NICE) provides inter-
active clinical pathways supported by existing evidence-based guide-
line recommendations and tools for implementation (http://pathways.
nice.org.uk/). For the assessment and management of suspected acute
coronary syndrome the pathway shows the use of ECG and describes
the timing and role of Troponin T or Troponin I tests and how they
should inform subsequent clinical decisions for management based on
test results (Table 1).

Since tests usually do not affect health outcomes directly, one has to
define, right at the beginning of the evaluation process, the purpose and
role of the medical test in the clinical pathway and the relevant patient
population for each testing application. Test purpose describes the
intended clinical application of the test and how the test information
will be used to improve clinical management in practice (Table 1).
Medical tests can be used for diagnosis and prognosis, but also for mon-
itoring, early detection, screening, risk classification, treatment selection,
surveillance after treatment, and many more. Within these applications,
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