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Effectiveness and Comparative Effectiveness Reviews, systematic reviews of existing research
on the effectiveness, comparative effectiveness, and comparative harms of different medical
tests, are intended to provide relevant evidence to inform real-world health care decisions for
patients, providers, and policymakers. In an effort to improve the transparency, consistency, and
scientific rigor of the work of the Effective Health Care (EHC) Program, through a collaborative
effort within the Evidence-based Practice Center Program, have developed a Methods Guide for
Medical Test Reviews. We intend that these documents will serve as a resource for our EPCs as
well as for other investigators interested in conducting systematic reviews on medical tests.

This Medical Test Methods guide is intended to be a practical guide for those who prepare and
use systematic reviews on medical tests. This document complements the EPC Methods Guide
on Comparative Effectiveness Reviews

(http://www .effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-
reports/?pageaction=displayproduct&productid=318), which focuses on methods to assess the
effectiveness of treatments and interventions. The guidance here applies the same principles for
assessing treatments to the issues and challenges in assessing medical tests and highlights
particular areas where the inherently different qualities of medical tests necessitate a different or
variation of the approach to systematic review compared to a review on treatments. We provide
guidance in stepwise fashion for those conducting a systematic review.

The Medical Test Methods Guide is a living document, and will be updated as further empirical
evidence develops and our understanding of better methods improves. Comments and
suggestions on the Medical Test Methods Guide and the Effective Health Care Program can be
made at www.effectivehealthcare.ahrqg.gov.

None of the investigators have any affiliations or financial involvement that conflicts with the
material presented in this report.




Paper 1. Introduction to the Methods Guide for
Medical Test Reviews

With the growing number, complexity, and cost of medical tests, which tests can reliably be
expected to improve health outcomes, and under what circumstances? As reflected in the
increasing number of requests for systematic reviews of medical tests under the Agency for
Healthcare Research and Quality (AHRQ) Evidence-based Practice Center (EPC) Program,
patients, clinicians, and policymakers have a profound need for guidance on these questions.

Systematic reviews developed under the EPC Program (sometimes labeled “evidence reports” or
“health technology assessments”), are expected to be technically excellent and practically useful.
The challenge for EPC investigators is to complete such reviews with limited time and
resources—a daunting prospect, particularly in the face of the near-exponential growth in the
number of published studies related to medical tests.” How can EPC investigators respond to this
challenge with reviews that are timely, accessible, and practical, and that provide insight into
where there have been (or should be) advances in the field of systematic review of medical tests?

This Methods Guide for Medical Test Reviews (referred to hereafter as the Medical Test Methods
Guide), produced by researchers in AHRQ’s EPC Program, is intended to be a practical guide for
those who prepare and use systematic reviews of medical tests; as such, it complements AHRQ’s
Methods Guide for Effectiveness and Comparative Effectiveness Reviews (hereafter referred to as
the General Methods Guide). Not only has the present Medical Test Methods Guide been
motivated by the increasing need for comprehensive reviews of medical tests, it has also been
created in recognition of features of medical tests and the evaluation literature that present
unique problems for systematic reviewers. In particular, medical tests are used in—and are
highly dependent on—a complex context. This context includes preexisting conditions, results of
other tests, skill and knowledge of providers, availability of therapeutic resources, and so on. In
this complex environment, researchers have tended to focus on narrow questions, such as the
ability of a test to conform to technical specifications, to accurately classify patients into
diagnostic or prognostic categories, or to influence thought or actions by clinicians and patients.
Rarely are medical tests evaluated in randomized controlled trials with representative patient
populations and comprehensive measures of patient-relevant outcomes. As a result, the reviewer
must put together the evidence in a puzzle-like fashion.

In addition to encouraging a high standard for excellence, usefulness, and efficiency in EPC
reviews, this Medical Test Methods Guide is designed to promote consistency in how specific
issues are addressed across the various systematic reviews produced by EPC investigators. Even
though consistency in approach may not always guarantee that a particular task in review
development is done in an ideal fashion, it is certainly the case that inconsistency in approach
increases the effort and energy needed to read, digest, and apply the results of systematic reviews
of medical tests.

* A MEDLINE® search using the keyword “test.mp” demonstrates a doubling of the number of citations
approximately every 10 years since 1960.



Development of the Medical Test Methods Guide

In developing this Medical Test Methods Guide, we sought to apply theory and empirical
evidence, supplemented by personal experience and judgment, and to maintain consistency as
much as possible with the principles described in AHRQ’s General Methods Guide. We were
guided by two fundamental tenets: (1) Evaluation of the value of a medical test must always be
linked to the context of use; and (2) systematic reviews of medical test studies are ultimately
aimed at informing the use of those tests to improve the health outcomes of patients.

The first tenet stands in contradiction to the common assumption that medical test results are
neutral reporters of reality, independent of context. The notion that tests are “signal detectors”
with invariant performance characteristics (i.e., sensitivity and specificity), likely reflects the
way that the Bayes rule has been introduced to the medical community—as a pedagogical tool
for transmitting the insight that a test for a condition must be interpreted in light of the likelihood
of the condition before the test was performed (prior probability). Such teaching assumes that the
performance characteristics of a medical test (like those of electronic receivers and similar
devices) are constant over all relevant situations. However, often context affects not only
sensitivity and specificity but also the clinical implications of a particular test result. Thus,
throughout this document the authors return to the theme of clarifying the context in which the
test under evaluation is to be used.

The second tenet—that medical tests (and therefore assessments of those tests) are about
improving patient outcomes—may seem to reflect an obvious sentiment. If so, then it is a
sentiment more honored in the breach than in the observance. The vast majority of published
literature on medical tests does not address the clinical impact of tests, focusing instead on test
development and test performance characteristics. Indeed, test performance characteristics have
been treated as the sine qua non of test value (i.e., if the performance characteristics are good,
then the test should be promoted). For example, a test with sensitivity and specificity in the high
90-percent range may not improve the likelihood of a good patient outcome if the underlying
condition prevalence or risk is low, or if the treatment options are of marginal efficacy or high
risk. This Medical Test Methods Guide promotes the centrality of patient outcomes by
recommending that one of the first steps in a review must be to establish a link between the use
of a test and the outcomes patients care about. This link can also be expounded through the use
of visual representations such as the causal chain diagram, illustrated in a simplified form in
Figure P-1.

Figure P-1. Causal chain diagram

Test > Result > Categorization (e.g., high risk, disease present, disease progression) 2> Decision = Patient
outcome

In rare cases, a test will have been evaluated in a comprehensive clinical trial in which every
relevant outcome was assessed in a representative group of patients in typical practice settings.
More often, however, a systematic review may appropriately focus on only one link in this chain,
as when the test is being compared with an established test known to improve outcomes. Ideally,



the entire chain should be considered and evidence regarding each link assembled, evaluated,
and synthesized.

Unique challenges of medical tests

Of the many tools available to clinicians caring for patients, medical tests” are among the most
commonly employed. Tests can be used to screen for the likelihood of a disorder currently or in
the future, or to diagnose the actual presence of disease. Medical tests may also be used to assess
immediate or future response to treatment, including the probability of desirable or undesirable
consequences. While medical tests are often thought of as something performed in the laboratory
or radiology suite, such tests also encompass the traditional patient history and physical
examination, as well as scored questionnaires intended, for example, for screening or to assess
likely prognosis or response to therapy.

Assessing the impact of a treatment is generally more straightforward than assessing the impact
of a medical test. This is primarily because many treatments lead directly to the intended result
(or to adverse effects), whereas tests may have several steps between the performance of the test
and the outcome of clinical importance. Moreover, the diagnostic and management process can
have myriad options and is thus more varied and more difficult to standardize than many
treatment plans.1 One consequence is that medical tests tend to be evaluated in isolation, in terms
of their ability to discern an analyte or a particular anatomic condition, rather than in terms of
their impact on overall health outcomes.”

In light of these challenges, the question we address directly in this Medical Test Methods Guide
is, How do we evaluate medical tests in a way that is clear (involves a process that can be
reproduced), consistent (is similar across EPC reports), tractable (can be performed within
resource constraints), and useful (addresses the information needs of the report recipients)?

To answer this question, we might refer to the literature on evaluation of therapies. Arguably, the
most robust empirical demonstration of the utility of a medical test is through a properly
designed randomized controlled trial (RCT)*° that compares patient management using the test
versus one or more alternative strategies. In practice, such trials are not routinely performed
because they are often deemed unattainable.*® In those uncommon circumstances where a
medical test is evaluated in an RCT, the reader is referred to other relevant guidance documents,
including AHRQ’s General Methods Guide.

Key Insights in the Test Evaluation Literature

In recognition of the unique challenges to evaluation presented by medical tests, a body of test
evaluation literature has emerged over the past six decades. Two key ideas emerge from this
literature. The first is the recognition that a medical test used to discriminate between the

® Here the term “medical tests” is used as an umbrella to denote any test used in a health care context, irrespective of type (e.g.,
chemistry, genetic, radiological) or role (e.g., screening, diagnosis, or prognosis).



presence or absence of a specific clinical condition can be likened to an electronic signal
detector.”"" This has opened the way to applying signal detection theory, including the notions of
sensitivity, specificity, and the application of Bayes rule, to calculate disease probabilities for
positive or negative test results.” "’

The second insight reflected in the historical record is that medical test evaluation studies tend to
fall along a continuum related to the breadth of the study objectives—from assessing a test’s
ability to conform to technical specifications, to the test’s ability to accurately classify patients
into disease states or prognostic levels, to the impact of the test on thought, action, or outcome.
Study objectives, the terms used to convey those objectives, and relevant examples are listed
provided in Table I-1.

Table I-1. Different objectives of medical test evaluation studies

Study objective

Terms used

Examples

Ability of a test to
conform to technical
specifications

Technical efficacy

Technical quality of a radiological
image

Analytic validity

Accuracy of a chemical assay for the
target analyte

Concordance of a commercial genetic
test with the true genotype

Ability of a test to
classify a patient into a
disease/phenotype or
prognosis category

Diagnostic accuracy efficacy
Clinical validity

Test accuracy

Test performance
Performance characteristics
Operating characteristics

Sensitivity and specificity

Positive and negative liklihood ratios
Positive and negative predictive value
Test yield

Receiver operating characteristic
(ROC) curve

Ability of test to direct
clinical management
and improve patient
outcomes

Diagnostic thinking efficacy
Therapeutic efficacy
Patient outcome efficacy
Clinical utility

Impact on mortality or morbidity

Impact on clinician judgment about
diagnosis/prognosis

Impact on choice of managment

Ability of the test to
benefit society as a
whole

Societal efficacy

Incremental cost-effectiveness

Analytic Frameworks

While the preceding provides a way to classify test evaluation studies according to their
objective, it does not offer the reviewer an explicit strategy for summarizing an often complex
literature in a logical way in order to respond to key questions. In 1991, Woolf described a
conceptual model that he termed the “Evidence Model” for use during clinical practice guideline
development.'? He proposed the model as a means of visually clarifying the relationship between
health care interventions and outcomes, and for guiding the review process. Writing as the
science advisor to the United States Preventive Services Task Force (USPSTF) in 1994, Woolf
described this same model as the “analytic framework,”"® which he proposed as an approach to
“keep the analytic process on track and to avoid unnecessary inefficiencies.” He described the



framework as a means to create the questions for the review and to determine the nature of the
evidence necessary for addressing the questions.

These points were reiterated in the most recent Procedure Manual for the USPSTF:

The purpose of analytic frameworks is to present clearly in graphical format the
specific questions that need to be answered by the literature review in order to
convince the USPSTF that the proposed preventive service is effective and safe
(as measured by outcomes that the USPSTF considers important). The specific
questions are depicted graphically by linkages that relate interventions and
outcomes. These linkages serve the dual purpose of identifying questions to help
structure the literature review and of providing an “evidence map” after the
review for the purpose of identifying gaps and weaknesses in the evidence.'*

Two key components of the analytic framework are (1) a typology for describing the context in
which the test is to be used, and (2) some form of visual representation of the relationship
between the application of the test or treatment and the outcomes of importance to
decisionmaking. As noted below, the current standard approach to classifying contexts of use is
the PICOTS typology.©

In addition to using the analytic framework in reviews to support clinical practice guidelines and
the USPSTF, the AHRQ EPC Program has promoted the use of analytic frameworks in
systematic reviews of effectiveness or comparative effectiveness of non-test interventions.’
Although not specifically recommending a visual representation of the framework, the Cochrane
Collaboration also organizes key questions using a similar framework."

A Note on Terminology

With the evolution of the field, there has been a proliferation of terms used to describe identical
or similar concepts in medical test evaluation. In this Medical Test Methods Guide, we have
attempted to identify similar terms and to be consistent in our use of terminology. For example,
throughout this document, we use terms for different categories of outcomes that are rooted in
various conceptual frameworks for test evaluation (hereafter referred to as “organizing
frameworks,” although elsewhere referred to as “evaluative” or “evaluation” frameworks). There
have been many different organizing frameworks; these have recently been systematically
reviewed by Lijmer and colleagues.” Each framework uses slightly different terminology, yet
each maps to similar concepts.

To illustrate this point, Figure I-1 shows the relationship between three representative organizing
frameworks: (1) The “ACCE” model of Analytic validity, Clinical validity, Clinical utility, and
Ethical, legal and social implications,'®"” (2) the Fryback and Thornbury model, one of the most
widely used and well-known of all the proposed organizing frameworks,'® and (3) the USPSTF
model for assessing screening and counseling interventions."’

¢ For more on the PICOTS typology, see Paper 2.



Figure I-1. A mapping across three major organizing frameworks for evaluating clinical tests
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Notes: ECRI Institute created this figure based on the specified evaluation frameworks. For a detailed description of each
included framework, the reader is referred to the original references.'®' Domain 1—analytical validity; Domain 2—clinical
validity; Domain 3—clinical utility; Domain 4—ethical, legal and societal implications.

PICOTS Typology

A formalism that has proven extremely useful for the evaluation of therapies, and which also
applies to the evaluation of medical tests, is the PICOTS typology. The PICOTS typology—
Patient population, Intervention, Comparator, Outcomes, Timing, Setting—is a tool established
by systematic reviewers to describe the context in which medical interventions might be used
and 1s thus important for defining the key questions of a review and assessing whether a given
study is applicable or not.®

The EPC Program, reflecting the systematic review community as a whole, occasionally uses
variations of the PICOTS typology (Table I-2). The standard, unchanging elements are the PICO,
referring to the Patient population, Intervention, Comparator, and Outcomes. Timing refers to the
Timing of outcome assessment and thus may be incorporated as part of Outcomes or as part of
Intervention. Setting may be incorporated as part of Population or Intervention, but it is often
specified separately because it is easy to describe. For medical tests, the setting of the test has
particular implications on bias and applicability in light of the spectrum effect. Occasionally, “S”
may be used to refer to Study design. Other variations, not used in the present document, include
a “D” that may refer to Duration (which is equivalent to Timing) or to study Design.



Table I-2. The PICOTS typology as applied to interventions and medical tests

As applied to
Element interventions | As applied to medical tests Comment
P Patient Patient population; includes Condition(s), disease severity and stage,
population results of other/prior tests comorbidities, patient demographics
| Intervention Index test; includes clinical role of | Description of index test; includes
index strategy in relation to administrator training, technology
comparator, and test-and-treat specifications, specific application issues
strategy in relation to clinical Three main clinical roles in relation to
outcomes comparator: replacement, add-on, triage
Desciption of index test performance and
interpretation; how results of index test lead
to management decisions/actions
Cc Comparator Comparator test-and-treat Desciption of comparator test performance
strategy and interpretation; how results of comparator
test lead to management decisions/actions
(0] Outcomes Relevant clinical outcomes; Patient health outcomes; includes morbidity
includes any intermediate (including adverse effects of test and
outcomes of interest treatment), mortality, quality of life;
intermediate outcomes includes technical
specifications, accuracy, desicional,
therapeutic impact
T Timing Timing of outcome assessment Duration of followup; single or multiple
followup assessments
S Setting Setting of test assessment Ambulatory settings (including primary,
specialty care) and inpatient settings

Organization of this Medical Test Guide

As noted above, this Medical Test Methods Guide complements AHRQ’s General Methods
Guide),” which focuses on methods to assess the effectiveness of treatments and other non-test

interventions. The present document applies the principles used in the General Methods Guide to
the specific issues and challenges of assessing medical tests and highlights particular areas where
the inherently different qualities of medical tests necessitate a variation of the approach used for
a systematic review of treatments. We provide guidance in stepwise fashion for those conducting
a systematic review.

Papers 2 and 3 consider the tasks of developing the topic, structuring the review, developing the
key questions, and defining the range of decision-relevant effects. Developing the topic and
structuring the review—often termed “scoping”—are fundamental to the success of a report that
assesses a medical test. Success in this context means not only that the report is deemed by the
sponsor to be responsive but also that it is actually used to promote better quality care. In this
Medical Test Methods Guide, we introduce various frameworks to help determine and organize
the questions. While there is not a specific section on developing inclusion and exclusion criteria
for studies, many of the considerations at this stage are highlighted in Papers 2 and 3, which
describe how to determine the key questions, as well as in Papers 5 and 6, which describe how to
assess the quality and applicability of studies.



Papers 4 through 10 highlight specific issues in conducting reviews: searching, assessing quality
and applicability, grading the body of evidence, and synthesizing the evidence. Searching for
medical test studies (Paper 4) requires unique strategies, which are discussed briefly. Assessing
individual study quality (Paper 5) relates primarily to the degree to which the study is internally
valid; that is, whether it measures what it purports to measure in as unbiased a fashion as
possible. Although much effort has been expended to rate features of studies in a way that
accurately predicts which studies are more likely to reflect “the truth,” this goal has proven
elusive. In Paper 5, we note several approaches to assessing the limitations of a study of a
medical test and recommend an approach.

Assessing applicability (Paper 6) refers to determining whether the evidence identified is
relevant to the clinical context of interest. Here we suggest that systematic reviewers search the
literature to assess which factors are likely to affect test effectiveness. We also suggest that
reviewers complement this with a discussion with stakeholders to determine which features of a
study are crucial (i.e., which must be abstracted, when possible, to determine whether the
evidence is relevant to a particular key question, or whether the results are applicable to a
particular subgroup.) Once systematic reviewers identify and abstract the relevant literature, they
may grade the body of literature as a whole (Paper 7). One way to conceptualize this task is to
consider whether the literature is sufficient to answer the key questions such that additional
studies might not be necessary or would serve only to clarify details of the test’s performance or
utility. In Paper 7, we discuss the challenges and applications of grading the strength of a body of
test evidence.

Papers 8 through 10 focus on the technical approach to synthesizing evidence, in particular,
meta-analysis and decision modeling. Common challenges addressed include evaluating
evidence when a reference standard is available (Chapter 8) and when no appropriate reference
standard exists (Paper 9). In reviewing the application of modeling in clinical test evidence
reviews, we focus in Paper 10 on evaluating the circumstances under which a formal modeling
exercise may be a particularly useful component of an evidence review.

Finally, in Papers 11 and 12, we consider special issues related to the evaluation of genetic tests
and prognostic tests, respectively. While both topics are represented in earlier papers, those
papers focus on methods for evaluating tests to determine the current presence of disease, as with
screening or diagnostic tests. Papers 11 and 12 complete the guidance by addressing special
considerations of assessing genetic and prognostic tests.

Summary

Evaluation of medical tests presents challenges distinct from those involved in the evaluation of
therapies; in particular, the very great importance of context and the dearth of comprehensive
RCTs aimed at comparing the clinical outcomes of different tests and test strategies. Available
guidance provides some suggestions: (1) Use the PICOTS typology for clarifying the context
relevant to the review, and (2) use of an organizing framework for classifying the types of
medical test evaluation studies and their relationship to potential key questions. However, there

10



is a diversity of recommendations for reviewers of medical tests and a proliferation of concepts,
terms, and methods. As a contribution to the field, this Medical Test Methods Guide seeks to
provide practical guidance to achieving the goal of clarity, consistency, tractability, and
usefulness.

10.
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Effectiveness and Comparative Effectiveness Reviews, systematic reviews of existing research
on the effectiveness, comparative effectiveness, and comparative harms of different medical
tests, are intended to provide relevant evidence to inform real-world health care decisions for
patients, providers, and policymakers. In an effort to improve the transparency, consistency, and
scientific rigor of the work of the Effective Health Care (EHC) Program, through a collaborative
effort within the Evidence-based Practice Center Program, have developed a Methods Guide for
Medical Test Reviews. We intend that these documents will serve as a resource for our EPCs as
well as for other investigators interested in conducting systematic reviews on medical tests.

This Medical Test Methods guide is intended to be a practical guide for those who prepare and
use systematic reviews on medical tests. This document complements the EPC Methods Guide
on Comparative Effectiveness Reviews

(http://www .effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-
reports/?pageaction=displayproduct&productid=318), which focuses on methods to assess the
effectiveness of treatments and interventions. The guidance here applies the same principles for
assessing treatments to the issues and challenges in assessing medical tests and highlights
particular areas where the inherently different qualities of medical tests necessitate a different or
variation of the approach to systematic review compared to a review on treatments. We provide
guidance in stepwise fashion for those conducting a systematic review.

The Medical Test Methods Guide is a living document, and will be updated as further empirical
evidence develops and our understanding of better methods improves. Comments and
suggestions on the Medical Test Methods Guide and the Effective Health Care Program can be
made at www.effectivehealthcare.ahrqg.gov.

None of the investigators have any affiliations or financial involvement that conflicts with the
material presented in this report.




Paper 2. Developing the Topic and Structuring the
Review: Utility of PICOTS, Analytic Frameworks,
Decision Trees, and Other Frameworks

“[We] have the ironic situation in which important and painstakingly developed
knowledge often is applied haphazardly and anecdotally. Such a situation, which
is not acceptable in the basic sciences or in drug therapy, also should not be
acceptable in clinical applications of diagnostic technology.”

J. Sanford (Sandy) Schwartz, Institute of Medicine, 1985'

Developing the topic creates the foundation and structure of an effective systematic review.
Developing the topic includes understanding and clarifying how a test might be of value in
practice and establishing the key questions to guide decisionmaking related to the claim. This
typically involves specifying the clinical context in which the test might be used. Structuring the
review refers to identifying the analytic strategy that will most directly achieve the goals of the
review, accounting for idiosyncrasies of the data.

Topic development and structuring of the review are complementary processes. As EPCs
develop and refine the topic, the structure the review should follow ideally becomes clearer.
Moreover, success at this stage reduces the chance of major changes in the scope of the review
and minimizes rework.

Common Challenges

The ultimate goal of a medical test review is to identify and synthesize evidence that will help
evaluate the impacts on health outcomes of alternative testing strategies. Two common problems
can impede achieving this goal. One is that the request for a review may state the claim for the
test ambiguously. For example, a new medical test for Alzheimer’s disease might fail to specify
the patients who may benefit from the test—from the “worried well” without evidence of deficit
to those with frank impairment and loss of function in daily living. Similarly, the request for a
review of tests for prostate cancer might neglect to consider the role of such tests in clinical
decisionmaking, such as guiding the decision to biopsy.

Because of the indirect impact of medical tests on clinical outcomes, a second problem is how to
identify the intermediate outcomes that link a medical test to improved clinical outcomes
compared to an existing test. The scientific literature related to the claim rarely includes direct
evidence, such as randomized controlled trial results, in which patients are allocated to the
relevant test strategies and evaluated for downstream health outcomes. More commonly,
evidence about outcomes in support of the claim relates to intermediate outcomes, such as test
accuracy.



Principles for Addressing the Challenges

Principle 1: Engage Stakeholders Using the PICOTS Typology

In approaching topic development, EPCs should engage in a direct dialogue with the primary
requestors or relevant users of the review (herein denoted “stakeholders”) to understand the
objectives of the review in practical terms; in particular, EPC investigators should understand the
sorts of decisions that the review is likely to affect. Such a discussion also serves to bring
investigators and stakeholders to a shared understanding about the essential details of the tests
and their relationship to existing test strategies (i.e., replacement, triage, or add-on), range of
potential clinical utility, and potential adverse consequences of testing.

Operationally, the objective of the review is reflected in the key questions, which are normally
presented in a preliminary form at the outset of a review. EPCs should examine the proposed key
questions to ensure that they accurately reflect the needs of stakeholders and are likely to be
answered given the available time and resources. Including a wide variety of stakeholders and
experts (such as the U.S. Food and Drug Administration [FDA], manufacturers, technical and
clinical experts, and patients) can help provide additional perspectives on the claim and use of
the tests. A preliminary examination of the literature can identify existing systematic reviews and
clinical practice guidelines that may summarize evidence on current strategies for using the test
and its potential benefits and harms.

The PICOTS typology (Patient population, Intervention, Comparator, Outcomes, Timing,
Setting), defined in the Introduction to this Medical Test Methods Guide (Paper 1), is a typology
for defining particular contextual issues, and this formalism can be useful in focusing discussions
with stakeholders.

It is important to recognize that the process of topic refinement is iterative. Despite the best
efforts of all participants, the topic may change even as the review is being conducted. EPCs
should consider at the outset how such a situation will be addressed.”™

Principle 2: Develop an Analytic Framework

The term “analytic framework™ (sometimes called a causal pathway) is used here to denote a
specific form of graphical representation that specifies a path from the intervention or test of
interest to all important health outcomes, including intervening steps and intermediate
outcomes.” Each linkage relating test, intervention, or outcome represents a potential key
question and, it is hoped, a coherent body of literature.

The AHRQ EPC program has described the development and use of analytic frameworks in
systematic reviews of interventions. The analytic framework is developed iteratively in
consultation with stakeholders to illustrate and define the important clinical decisional dilemmas
and thus serves to clarify important key questions further.’

However, systematic reviews of medical tests present challenges not encountered in reviews of
therapeutic interventions. The impact of medical tests on important outcomes is, by nature, more



indirect, and there are more potential pathways by which a medical test may affect important
outcomes. Because of the often-convoluted linkage to clinical outcomes, research studies mostly
focus on intermediate outcomes such as diagnostic accuracy. The analytic framework can help
users to understand how these intermediate outcomes fit in the pathway to influencing clinical
outcomes, and to consider whether these downstream issues may be relevant to the review.

Harris and colleagues have described the value of the analytic framework in assessing screening
tests for the U.S. Preventive Services Task Force (USPSTF).” A prototypical analytic framework
for medical tests as used by the USPSTF is shown in Figure 2-1. Each number in Figure 2-1 can
be viewed as a separate key question that might be included in the evidence review.

Figure 2-1. Application of USPSTF analytic framework to test evaluation
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In summarizing evidence, reviewers should remember that studies for each linkage might vary in
strength of design, limitations of conduct, and adequacy of reporting. The linkages leading from
changes in patient management decisions to health outcomes are often of particular importance.
The implication here is that the value of a test usually derives from its influence on some action
taken in patient management. Although this is usually the case, sometimes the information alone
from a test may have value independent of any action it may prompt.

Principle 3: Consider Using Decision Trees

An analytic framework is helpful when direct evidence is lacking, showing relevant key
questions along indirect pathways between the test and important clinical outcomes. Analytic
frameworks are, however, not well-suited to depicting multiple alternative uses of the particular
test (or its comparators) and are limited in their ability to represent the impact of test results on
clinical decisions, the specific potential outcome consequences of altered decisions. EPCs can
use simple decision trees or flow diagrams alongside the analytic framework to illustrate details



of the potential impact of test results on management decisions and outcomes. Constructing
decision trees may help clarify key questions by identifying which indices of diagnostic accuracy
are relevant to the clinical problem and which range of possible pathways and outcomes (see
Paper 3) practically and logically flow from a test strategy. Lord et al., describe how decision
trees may be used for defining which steps and outcomes may differ with different test strategies,
and thus what are the important questions to ask to compare tests according to whether the new
test is a replacement, a triage, or an add-on to the existing test strategy.8

One example of how constructing decision trees can be useful comes from a review of
noninvasive tests for carotid artery disease.’ This review found that common metrics of
sensitivity and specificity that counted both high-grade stenosis and complete occlusion as
“positive” studies would not be reliable guides to actual test performance because the two results
would be treated quite differently. This insight was subsequently incorporated into calculations
of noninvasive carotid test performance.’'” Further examples are provided in the Illustrations,
below.

Principle 4: Sometimes it is Sufficient to Focus Exclusively on
Accuracy Studies

Once EPCs have diagrammed the decision tree by which diagnostic accuracy may affect
intermediate and clinical outcomes, reviewers can determine whether it is necessary to include
key questions regarding outcomes beyond diagnostic accuracy. For example, diagnostic accuracy
may be sufficient when the new test is as sensitive as the old test and the new test’s value derives
from avoiding the old test’s adverse effects (i.e., because the new test is safer or less invasive) or
higher costs. Implicit in this example is the comparability of downstream management decisions
and outcomes between the test under evaluation and the comparator test. Another instance when
a review may be limited to evaluation of sensitivity and specificity is when the new test is as
sensitive as, but more specific than, the comparator, allowing avoidance of harms of further tests
or unnecessary treatment. This situation requires the assumptions that the same cases would be
detected by both tests and that treatment efficacy would be unaffected by which test was used."!

Particular questions that EPCs may consider in reviewing analytic frameworks and decision trees
to determine if diagnostic accuracy studies alone are adequate include the following:

1. Are extra cases detected by the new, more sensitive test similarly responsive to
treatment?

2. Are trials available that selected patients with the new test?

Do trials assess whether the new test results predict response?

4. If available trials selected only patients assessed with the old test, do extra cases

represent the same spectrum or disease subtypes as trial participants?

Are tests’ cases subsequently confirmed by same reference standard?

Does the new test change the definition or spectrum of disease (e.g., earlier stage)?

7. Is there heterogeneity of test accuracy and treatment effect (i.e., do accuracy and
treatment effects vary sufficiently according to levels of a patient characteristic to
change the comparison of the old and new test)?

[98)
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When the clinical utility of an older comparator test has been established, and the first five
questions can all be answered in the affirmative, then diagnostic accuracy evidence alone may be
sufficient to support conclusions about a new test.

Principle 5: Other Frameworks May be Helpful

Various other frameworks (generally termed “organizing frameworks,” as described briefly in
the Introduction to this Medical Test Methods Guide [Paper 1]) relate to categorical features of
medical tests and medical test studies, and reviewers may find these frameworks useful. Lijmer
and colleagues reviewed the different types of organizational frameworks and found 19
frameworks, which generally classify medical test research into 6 different domains or phases,
including technical efficacy, diagnostic accuracy, diagnostic thinking efficacy, therapeutic
efficacy, patient outcome, and societal aspects.'

These frameworks have been defined for a variety of purposes. Some researchers, such as Van
Den Bruel and colleagues, proposed that these frameworks are a hierarchy and a model for how
medical tests should be studied, with one level leading to the next (i.e., success at each level
depends on success at the preceding level)."> Others, such as Lijmer and colleagues have argued
that “The evaluation frameworks can be useful to distinguish between study types, but they
cannot be seen as a necessary sequence of evaluations. The evaluation of tests is most likely not
a linear but a cyclic and repetitive process.”'?

We suggest that rather than being a hierarchy of evidence, organizational frameworks are useful
in categorizing key questions and which types of studies would be most useful for specific
questions in the review. They may be useful in clustering studies to be reviewed together, and
this may improve the readability of a review document. No specific framework is recommended,
and indeed the categories of most organizational frameworks at least approximately line up with
the analytic framework and the PICO(TS) elements as shown in Figure 2-2.



Figure 2-2. Example of an analytical framework within an overarching conceptual framework in the evaluation of breast biopsy techniques*
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lllustrations

To illustrate the principles above, we describe three examples. In each case the initial claim was
at least somewhat ambiguous, and through the use of the PICOTS typology, the analytic
framework, and simple decision trees, the systematic reviewers were able to work with
stakeholders to clarify the objective and analytic approach to the evidence review (Table 2-1).

Table 2-1. Examples of initially ambiguous claims that were clarified through the process of topic

development

Association Technology
Evaluation Center, 2002™

General FFDM to replace SFM in HER2 gene amplication assay as | PET as triage for breast biopsy
topic breast cancer screening add-on to HER2 protein (Figure 2-5)
(Figure 2-3) expression assay (Figure 2-4)
Initial FFDM may be a useful HER2 gene amplification and PET may play an adjunctive role
ambiguous | alternative to SFMin protein expression assays may to breast examination and
claim screening for breast cancer complement each other as mammography in detecting
means of selecting patients for breast cancer and selecting
targeted therapy patients for biopsy
Key Key accuracy indices: Key accuracy indices: proportion | Key accuracy indices: negative
concerns sensitivity, diagnostic yield, of individuals with intermediate/ predictive value; key outcomes
suggested recall rate; similar types of equivocal HER2 protein to be contrasted were benefits
by PICOTS, | management decisions and | expression results who have of avoiding biopsy versus harms
analytic outcomes for index and HER2 gene amplification; key of delaying initiation of treatment
framework, | comparator test-and-treat outcomes are related to for undetected tumors
and strategies effectiveness of HER2-targeted
decision therapy in this subgroup
tree
Refined In screening for breast Among individuals with localized | Among patients with a palpable
claim cancer, interpretation of breast cancer, some may have breast mass or suspicious
FFDM and SFM would be equivocal results for HER2 mammogram, if FDG PET is
similar, leading to similar protein overexpression but have | performed before biopsy, those
management decisions and positive HER2 gene with negative scans may avoid
outcomes; FFDM may have | amplification, identifying them as | the adverse events of biopsy
a similar recall rate and patients who may benefit from with potentially negligible risk of
diagnostic yield at least as HER2-targeted therapy but delayed treatment for
high as SFM; FFDM images | otherwise would have been undetected tumor
may be more expensive, but | missed
easier to manipulate and
store
Reference Blue Cross and Blue Shield Seidenfeld et al., 2008"° Samson et al., 2002

Abbreviations: FDG = fluorodeoxyglucose; FFDM = full-field digital mammography; HER2 = human epidermal growth factor
receptor 2; PET = positron emission tomography; PICOTS = Patient population, Intervention, Comparator, Outcomes, Timing,
Setting; SFM = screen-film mammography

The first example concerns full-field digital mammography (FFDM) as a replacement for screen-
film mammography (SFM) in screening for breast cancer; the review was conducted by the Blue
Cross and Blue Shield Association Technology Evaluation Center.'* Specifying PICOTS
elements and constructing an analytic framework were straightforward, with the latter
resembling Figure 2-2 in form. In addition, a simple decision tree was drawn (Figure 2-3) which
revealed that the management decisions for both screening strategies were similar. The decision




tree also showed that the key indices of test performance were sensitivity, diagnostic yield, and
recall rate, and given the symmetry of the tree and stakeholder input indicating that the outcomes
of a breast cancer identified with one modality or the other was the same, downstream treatment
outcomes were not a critical issue. These insights were useful as the project moved to abstracting
and synthesizing the evidence, which focused on accuracy and recall rates. As a note, the
reviewers concluded that FFDM and SFM had comparable accuracy and led to comparable
outcomes; however, storing and manipulating images was much easier for FFDM than for SFM.

Figure 2-3. Replacement test example: full-field digital mammography versus screen-film mammography*
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* Figure taken from Blue Cross and Blue Shield Association Technology Evaluation Center, 2002."*

The second example concerns use of the human epidermal growth factor receptor 2 (HER2) gene
amplification assay after the HER2 protein expression assay to select patients for HER2-
targeting agents as part of adjuvant therapy among patients with localized breast cancer.'” The
HER2 gene amplification assay has been promoted as an add-on to HER2 protein expression
assay. Specifically, individuals with equivocal HER2 protein expression would be followed up
with a measure of amplified HER2 gene levels; in addition to those with increased HER2 protein
expression, patients with elevated levels by amplification assay would also receive adjuvant
chemotherapy that includes HER2-targeting agents. Again, PICOTS and an analytic framework
were developed, establishing the basic key questions. In addition, a decision tree was constructed
(Figure 2-4) that made it clear that the treatment outcomes affected by HER2 protein and gene
assays were at least as important as the test accuracy. While in the first case, the reference
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standard was actual diagnosis by biopsy, here the reference standard is the amplification assay
itself. The decision tree identified the key accuracy index as the proportion of individuals with
equivocal HER2 protein expression results who have positive amplified HER2 gene assay
results. The tree exercise also indicated that one key question must be whether HER2-targeted
therapy is effective for patients who had equivocal results on the protein assay but were
subsequently found to have positive amplified HER2 gene assay results.

Figure 2-4. Add-on test example: HER2 protein expression assay followed by HER2 gene amplification assay
to select patients for HER2-targetted therapy*
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Abbreviation: HER2 = human epidermal growth factor receptor 2.
* Figure taken from Seidenfeld et al., 2008."

The third example concerns use of fluorodeoxyglucose positron emission tomography (FDG
PET) as a guide to the decision to perform a breast biopsy on a patient with either a palpable
mass or an abnormal mammogram.'® Only patients with a positive PET scan would be referred
for biopsy. Table 2-1 shows the initial ambiguous claim, lacking PICOTS specifications such as
the way in which testing would be done. The utility of the analytic framework was limited as
several possible testing strategies might be relevant and that is not represented explicitly in an
analytic framework. A decision tree was then constructed (Figure 2-5). The testing strategy in the
lower portion of the decision tree entails performing biopsy in all patients, while the triage
strategy uses a positive PET finding to rule in a biopsy and a negative PET finding to rule out a
biopsy. The decision tree helps us to see that the key accuracy index is negative predictive value:
the proportion of negative PET results that are truly negative. The tree also reveals that the key
contrast in outcomes involves any harms of delaying treatment for undetected cancer when PET
is falsely negative versus the benefits of safely avoiding adverse effects of the biopsy when PET
is truly negative. The review concluded that there is no net beneficial impact on outcomes when
PET is used as a triage test to select patients for biopsy among those with a palpable breast mass
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or suspicious mammogram. Thus, estimates of negative predictive values suggest that there is an
unfavorable trade-off between avoiding the adverse effects of biopsy and delaying treatment of
an undetected cancer.

Figure 2-5. Triage test example: positron emission tomography (PET) to decide whether to perform breast
biopsy among patients with a palpable mass or abnormal mammogram*
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* Figure taken from Samson et al., 2002.'6

This case illustrates when a more formal decision analysis may be useful, specifically when new
test has higher sensitivity but lower specificity than the old test, or vice versa. Such a situation
entails tradeoffs in relative frequencies of true positives, false negatives, false positives, and true
negatives, which decision analysis may help to quantify.

Summary

The immediate goal of a systematic review of a medical test is to evaluate efficiently the relative
health impacts of use of the test in a particular context or set of contexts relative to one or more
alternative strategies. The ultimate goal is to produce a review that promotes informed
decisionmaking.
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Key points are:

e Reaching the above-stated goals requires an interactive and iterative process of topic
development and refinement aimed at understanding and clarifying the claim for a
test. This work should be done in conjunction with the principal users of the review,
experts, and other stakeholders.

e The PICOTS typology, analytic framework, simple decision trees, and other
organizing frameworks are all tools that can minimize ambiguity, help identify where
review resources should be focused, and guide the presentation of results.

e Sometimes it is sufficient to focus only on accuracy studies. For example, diagnostic
accuracy may be sufficient when the new test is as sensitive as the old test and the
new test’s value derives from avoiding the old test’s adverse effects (i.e., because the
new test is safer or less invasive) or higher costs.
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Effectiveness and Comparative Effectiveness Reviews, systematic reviews of existing research
on the effectiveness, comparative effectiveness, and comparative harms of different medical
tests, are intended to provide relevant evidence to inform real-world health care decisions for
patients, providers, and policymakers. In an effort to improve the transparency, consistency, and
scientific rigor of the work of the Effective Health Care (EHC) Program, through a collaborative
effort within the Evidence-based Practice Center Program, have developed a Methods Guide for
Medical Test Reviews. We intend that these documents will serve as a resource for our EPCs as
well as for other investigators interested in conducting systematic reviews on medical tests.

This Medical Test Methods guide is intended to be a practical guide for those who prepare and
use systematic reviews on medical tests. This document complements the EPC Methods Guide
on Comparative Effectiveness Reviews
(http://www.effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-
reports/?pageaction=displayproduct&productid=318), which focuses on methods to assess the
effectiveness of treatments and interventions. The guidance here applies the same principles for
assessing treatments to the issues and challenges in assessing medical tests and highlights
particular areas where the inherently different qualities of medical tests necessitate a different or
variation of the approach to systematic review compared to a review on treatments. We provide
guidance in stepwise fashion for those conducting a systematic review.

The Medical Test Methods Guide is a living document, and will be updated as further empirical
evidence develops and our understanding of better methods improves. Comments and
suggestions on the Medical Test Methods Guide and the Effective Health Care Program can be
made at www.effectivehealthcare.ahrq.gov.

None of the investigators have any affiliations or financial involvement that conflicts with the
material presented in this report.




Paper 3. Considering the Range of Decision-Relevant
Effects

In this paper, we describe the range of decision-relevant effects, or outcomes, that medical tests
have and how these outcomes may be incorporated into a systematic review. “Decision-relevant
refers to those outcomes that result from the testing encounter and have an impact on decisions
downstream. The outcomes to be discussed are those that are relevant to screening tests,
diagnostic tests, and prognostic tests, although prognostic tests are discussed separately in Paper
12 in this Medical Test Methods Guide. We also briefly address unique issues that might arise if
the test in question is a genetic test; this topic is explored in greater detail in Paper 11. Other
topics considered here include the challenges involved in encompassing a range of outcomes in a
systematic review, a framework for generating potential outcomes for inclusion, the role of
stakeholders in choosing outcomes for evaluation, and a way to prioritize the outcomes that
should be considered. Finally, we give examples of systematic reviews that either included a
range of outcomes in the review or might have done so.

b

Common Challenges

Investigators working in Evidence-base Practice Centers (EPCs) are tasked with choosing the
outcomes to consider in a systematic review of a medical test. Resource limitations require
judicious selection from among all possible outcomes, which necessitates setting priorities for
the outcomes to include. If EPCs do not explore the full range of outcomes at the outset of the
project, the likelihood of excluding important outcomes is high, and the systematic review may
miss outcomes relevant to stakeholders. However, if the initially broad range of outcomes is not
carefully reduced, the quality of the review will be threatened by resource limitations (Figure 3-

).

Figure 3-1. Balancing outcomes against resources
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If EPCs do not adopt a methodical approach to considering the range of outcomes that might be
covered in a review, they may inadvertently exclude important outcomes. On the other hand, if
EPCs attempt to cover all outcomes without carefully setting priorities, they may end up with an
overly ambitious review. A misstep of either type can result in a suboptimal review—the first
type of review may be incomplete, and the second may be too broad to provide meaningful
insights.



Principles for Addressing the Challenges

We recommend a two-step approach, applying two principles in sequence, for selecting the
outcomes to be included in a review of a medical test. The first step is to catalog potential
outcomes methodically, and the second is to solicit input from stakeholders. Below is a
description of a conceptual approach to identifying outcomes to ensure that relevant outcomes
are not overlooked.

Principle 1: Catalog Outcomes Methodically

Paper 2 describes frameworks for designing systematic reviews of medical tests that include
consideration of PICOTs (Patient population, Intervention, Comparator, Outcomes, Timing,
Setting). Here we present another framework specifically for thinking about the outcomes
attributable to using a test in a clinical setting. Outcomes may be broadly separated into those
attributable to the testing process and those attributable to knowledge of the test results. In
general, outcomes attributable to the testing process are direct effects of the test (harms and
benefits from the test procedure). Outcomes attributable to the test results are more plentiful and
include the patient’s response to the test results and outcomes deriving from how the patient and
clinician act upon the results.

Bossuyt and McCaffery recently described a useful framework for thinking about patient
outcomes attributable to medical testing.' They classified outcomes into three groups—outcomes
that result from (1) clinical management based on the test results, (2) the direct health effects of
testing, and (3) the patients’ emotional, cognitive, and behavioral responses to testing. We extend
this model by including two additional elements to arrive at five types of outcomes: (4) the legal
and ethical effects of testing, which may or may not be appropriate depending on the test under
consideration, and (5) the costs of the test. These five categories of outcomes can be associated
with the testing process or the test result, or with both. For example, a medical test for HIV may
have behavioral responses associated with the testing process: the act of getting an HIV test is
associated with getting other tests, such as for hepatitis C. However, behavioral responses to the
test result are also conceivable, including high-risk sexual behavior if the test is negative.

Reviewers should also consider an additional axis; namely, who experiences the outcome. The
individual being tested is not the only one who can experience outcomes from the testing
process. Outcomes may be experienced by family members (e.g., in the case of testing an index
person for heritable conditions). Outcomes may be experienced by the population away from
which resources are diverted by a screening activity (e.g., widespread newborn screening that
diverts resources away from population-based smoking cessation activities). Society as a whole
may experience some outcomes, as when a test of an individual leads to a public health
intervention (e.g., prophylactic antibiotics or quarantine after exposure to an infectious
individual) or diversion of resources in order to pay for testing of other individuals. Payers are
affected if they need to pay for a treatment of a newly diagnosed condition. Figure 3-2 illustrates
these additional considerations.



Figure 3-2. Mapping outcomes to the testing process and to testing results
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In summary, the range of outcomes that might be included in a systematic review of a medical
test is wide. We encourage EPCs to think systematically through this range of outcomes and
consider the testing process, the test results, the range of associated outcomes, and the parties
that may experience the outcome. These considerations may differ depending on the type of test
under evaluation, as discussed below.

Principle 2: Solicit Input From Stakeholders

As described above, the range of outcomes that EPCs might include in a systematic review of a
medical test is broad, and expecting such reviews to include all possible outcomes is unrealistic
due to time and resource limitations. The Agency for Healthcare Research and Quality’s
(AHRQ’s) General Methods Guide recommends that stakeholders be involved at several steps in
the systematic review process.” We describe additional considerations regarding the role of
stakeholders in reviews of medical tests, as their input is particularly relevant to the choice of
outcomes for inclusion.

Little to no empiric evidence exists regarding what outcomes are most essential for inclusion in a
systematic review. We suggest that the choice of outcomes depends largely on the needs of
stakeholders and how they intend to use the review. The stakeholders (or sponsors) who submit
requests for evidence reports from the EPCs represent many different interests. Therefore, the
outcomes they consider essential will also vary.

For example, the Evaluation of Genomic Applications in Practice and Prevention (EGAPP)
group of the Centers for Disease Control and Prevention (CDC) has sponsored several EPC
reports.” EGAPP uses these reports to generate guidelines that the CDC issues about genetic
testing. EGAPP’s interests are broad; it aims to maximize the effectiveness of genetic testing at a



societal level. The outcomes EGAPP considers to be relevant are correspondingly broad and
range from the analytic validity of the test to the impact of the testing process on family
members. When the possible outcomes for inclusion are many, the EPC has a responsibility to
work with stakeholders to refine the questions carefully so that the task can be accomplished.

Other stakeholders (e.g., professional societies such as the American College of Physicians) may
be most interested in systematic reviews that can be used to generate recommendations or
guidelines for practicing clinicians. Therefore, as stakeholders, they may be more focused on
how clinical outcomes vary as a result of medical testing, and they may be less interested in
outcomes that are more relevant to payers, such as cost-shifting to accommodate costs of testing
and downstream costs.

Not infrequently, the primary users of an EPC report are Federal agencies such as the Center for
Medicare and Medicaid Services (CMS). CMS is responsible for decisions regarding coverage of
their beneficiaries’ medical care, including medical tests. Therefore, CMS may specify that the
outcome most relevant to their coverage decision is the analytic validity of the test because it
would not want to cover a test that inadequately identifies the condition of interest.

EPCs have a role in helping stakeholders understand the breadth of outcomes that could be
considered and to think through the clinical questions. Conversely, EPCs also have the
responsibility of focusing their key questions so that the selected outcomes can be addressed in
accordance with the resources allocated. These choices will depend on the context within which
the evidence review is being done. Investigators should assist stakeholders with mapping the
range of outcomes depicted in Figure 3-2. This will allow the stakeholders to review the breadth
of outcomes and characterize the outcomes as being more or less vital depending on the intended
use of the review.

lllustrations

To explain these points in greater detail, we describe three examples: one each of a screening
test, a diagnostic test, and a prognostic test. We assume that after EPC investigators have done
the mapping proposed above (Figure 3-2), they will discuss the range of outcomes that might be
included in a systematic review with stakeholders. In discussing these examples, we consider
outcomes that result from the process of testing, outcomes associated with the results of testing,
and outcomes that affect the tested individual and others. We conclude with a discussion of
additional considerations for evaluating a genetic test. In these illustrations, we are not
suggesting that the reviewers should necessarily include any or all of the potential outcomes in
their evaluation; we are simply demonstrating how one might go through the exercise of
considering each class of potentially relevant outcomes.

Example of a screening test. Screening tests are used to detect disease in individuals who are
asymptomatic or who have unrecognized symptoms.® In essence, screening tests should be able
to separate individuals with the disease of interest from those without the disease and should be
used when there is a treatment available and where early treatment is known to improve
outcomes.



The United States Preventive Services Task Force (USPSTF) is an independent panel of experts
that systematically reviews the evidence and develops recommendations for use of clinical
preventive services in the United States. The USPSTF makes recommendations about the use of
screening tests such as colonoscopy or mammography. An EPC is sometimes tasked with
preparing the supporting systematic review of the evidence.”™ Other stakeholders obviously have
an interest in screening tests as well, including professional organizations involved in guideline
preparation for their practitioners; cases in point are recommendations made by the American
College of Obstetrics and Gynecology regarding cervical cancer screening’ and the American
Cancer Society’s recommendations for early cancer detection.'

To illustrate outcomes in a systematic review of a screening test, we present the example of a
systematic review about screening for bacterial vaginosis in pregnant women.'' This review was
first done for the USPSTF in 2001 and was later updated. Figure 3-3 depicts the analytic
framework developed by the authors.

Figure 3-3. Screening example: bacterial vaginosis
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Critical Key Questions:

1. Does screening for bacterial vaginosis during pregnancy in asymptomatic women reduce adverse pregnancy outcomes for those at:
a. low-risk for preterm delivery?
b. average-risk for preterm delivery?
c. high-risk for preterm delivery?

2. Does treatment of bacterial vaginosis during pregnancy in asymptomatic women reduce adverse pregnancy outcomes for those at:
a. low-risk for preterm delivery
b. average-risk for preterm delivery
c. high-risk for preterm delivery

Clinical management effects. The authors of this review addressed whether screening for
bacterial vaginosis during pregnancy in asymptomatic women reduces adverse pregnancy
outcomes. They included a review of the clinical management effects that would result from
antibiotic treatment based on screening results. These include adverse effects of therapies and the
beneficial effects of reduction in adverse pregnancy outcomes, such as preterm delivery. The
authors might also have explicitly included an outcome that examines whether screening leads to
receipt of antibiotic treatment; that is, whether screening leads to a change in clinical



management. This would be a relevant intermediate outcome on the path between screening and
the outcomes attributable to therapy.

Direct test effects. Appropriately, the authors of this review did not include outcomes that are a
direct result of the testing process because direct effects are unlikely in this example. The
screening test (a vaginal swab) should not result in any injury; neither does the test confer any
direct benefit because the testing procedure does not treat the infection. The process of screening
may, however, include added contact with health care providers, which may confer some direct
benefit. Thus, the authors might have included this as a decision-relevant effect.

Emotional, cognitive, and behavioral effects. The authors might also have looked at emotional,
cognitive, and behavioral effects from the screening process or from the screening test results. It
may have been appropriate to consider outcomes that are associated with screening but are not
the result of antibiotic therapy. In thinking about these effects, consideration may be given to the
emotional or cognitive effects of the testing process (likely to be few in this example) and the
effects stemming from testing positive for bacterial vaginosis, such as emotional responses to a
diagnosis of infection leading to either healthier or riskier prenatal activities, or maternal worry
as an outcome itself. As with any measure, the EPC may require that the instrument used to
measure emotional response be a validated and appropriate instrument.

Legal and ethical effects. Although specifying ethical issues in screening for bacterial vaginosis
(which is not a sexually transmitted infection) may seem unnecessary, bacterial vaginosis testing
may be done as part of an infectious disease screening for reportable diseases such as syphilis or
HIV. Therefore, a review of the effects of testing should consider whether the test being
reviewed might be administered with concurrent screening tests that could themselves raise
ethical issues.

Costs. The authors of this review did not consider the costs of the test to the patient as an
outcome, probably because such costs are unlikely to be very important in this example.

Parties experiencing the effects. The authors of this review on screening for bacterial considered
the effects of screening for bacterial vaginosis on the mother and on the fetus or infant. However,
they might have also considered other relevant parties; these might include the mother’s partner
and society since antibiotic resistance is a conceivable outcome from widespread testing and
treatment of bacterial vaginosis.

Example of a diagnostic test. We differentiate diagnostic tests from screening tests largely by
the population being tested. Whereas screening tests are used in asymptomatic or
presymptomatic people, diagnostic tests are applied to confirm or refute disease in symptomatic
individuals. The USPSTF mostly makes recommendations about screening tests that may be
used in the general population; other organizations are more concerned with ensuring safe use of
diagnostic tests in patient populations. Payers are also interested in optimizing the use of
diagnostic tests because many are costly. EPCs have been involved in many systematic reviews
of diagnostic tests.



We discuss the example of a systematic review from outside the EPCs that addressed the
diagnostic value of 64-slice computed tomography (CT) in comparison to conventional coronary
angiography.'? Stating that their review concerned the “accuracy” of CT, the authors aimed to
assess whether 64-slice CT angiography might replace some coronary angiography for diagnosis
and assessment of coronary artery disease. This was a very narrowly focused review since an
assessment of accuracy alone cannot address the question of whether or when CT angiography
should replace conventional angiography. If an EPC were to assess the effectiveness of CT
angiography, the investigators should consider the full range of outcomes.

Clinical management effects. Numerous clinical management effects might follow testing for
coronary artery disease with CT. The authors of the review focused exclusively on detection of
occluded coronary arteries and not on any downstream outcomes from identification of occluded
coronary arteries. Individuals diagnosed with coronary artery disease are subjected to many
clinical management changes; these include medications, recommendations for interventions
such as angioplasty or bypass surgery, and recommendations for lifestyle changes—each of
which has associated benefits and harms. All of these may be appropriate outcomes to include in
evaluating a diagnostic test. If one test under consideration reports more or fewer occluded
coronary arteries (correctly or not) than another, this will be reflected in more or fewer clinical
management interventions and their resulting outcomes.

Other conceivable clinical management effects relate to the impact of testing on other health
maintenance activities. For example, a patient might defer other necessary testing (e.g., bone
densitometry or colonoscopy) to proceed with the CT. We would expect, however, that this
would also be the case in the comparison arm. Family members may be affected as well by
testing; for instance, they may be called upon to assist the diagnosed patient with future
appointments, which may necessitate time away from work and cause emotional stress.

Direct test effects. The test under consideration is a radiographic test. It confers no direct benefit
itself (unlike the comparison procedure in which an intervention can be performed at the time of
conventional diagnostic angiography). The testing process poses potential harms, including
allergic reaction to the intravenous contrast material, renal failure from the contrast material, and
radiation exposure. These are all outcomes that could be considered for inclusion. In this
example, the comparison test carries comparable or greater risks.

Emotional, cognitive, and behavioral effects. The testing process itself is unlikely to have
significant emotional consequences since it is not an invasive test and is generally comfortable
for the tested individual (unlike other radiographic procedures such as magnetic resonance
imaging). The results of testing could indeed have emotional or behavioral consequences. An
individual diagnosed with coronary disease might alter his or her lifestyle to reduce disease
progression. On the other hand, an individual might become depressed by the results and engage
in less self-care or in riskier behavior. These behavioral effects are likely to affect the family
members of the tested individuals as well. However, in this example, the emotional or behavioral
effects are expected to be similar for both CT and conventional angiography and therefore may
not be relevant for this particular review. In contrast, they would be relevant outcomes if CT
angiography were being compared with no testing.



Legal and ethical effects. Testing could have legal consequences if the tested individual is in a
profession that requires disclosure of health threats for the safety of the public; this might arise
if, for example, the tested person were an airline pilot. However, this outcome is not expected to
differ between CT and conventional angiography.

Costs. The relative costs of the two tests to the insurer and the patient, and the costs of diverting
equipment away from other uses, could also be of interest to some stakeholders.

Example of a prognostic test. Prognostic tests are tests used in individuals with known disease
to predict outcomes. The procedure itself may be identical to a procedure that is used as a
screening test or a diagnostic test, but the results are applied with a different purpose. Given that
this is the case, additional considerations for outcomes should be included in reviews of
prognostic tests. For example, consider the use of spirometry for predicting prognosis in
individuals with chronic obstructive pulmonary disease (COPD). The test is commonly used for
making the diagnosis of COPD and monitoring response to treatment, but the question has been
raised as to whether it might also predict survival. In 2005, the Minnesota EPC did a systematic
review of this topic on behalf of the American Thoracic Society, American College of
Physicians, American Academy of Family Physicians, and American Academy of Pediatrics."
The discussion below focuses on one of their key questions, which was whether prediction of
prognosis with spirometry, with or without clinical indicators, is more accurate than prediction
based on clinical indicators alone. Investigators were interested in predicting survival free of
premature death and disability.

Clinical management effects. The results from prognostic testing will have effects on clinical
management. Although the prognoses for some diseases are minimally modifiable with current
treatments (e.g., some malignancies, some dementing illnesses), most prognostic information can
be used to alter the course of treatment. In the present example, spirometry may suggest a high
likelihood of progressing to respiratory failure and prompt initiation of processes to avert this
possibility (e.g., pulmonary rehabilitation efforts, changes in medication, avoidance of some
exposures). Conversely, the prognostic information may be used to make decisions regarding
other interventions. If the likelihood of dying of respiratory failure is high, patients and their
physicians may choose not to proceed with a colonoscopy and other screening procedures from
which the patient is unlikely to benefit. Similarly, treatments of other conditions may be of less
interest if life expectancy is short.

Direct test effects. Spirometry has few direct test effects, although patients can have adverse
reactions to testing, particularly if they are challenged with methacholine as part of the test. In
general, it is unlikely that tests used for prognosis are more or less likely to have direct test
effects than tests used for other purposes.

Emotional, cognitive, and behavioral effects. We doubt that many emotional or cognitive effects
would arise in response to the testing process; spirometry is a noninvasive test that most patients
tolerate well. Emotional effects to the results of testing, however, are likely; they may be even
more pronounced for prognostic tests than for screening or medical tests because the test may
yield more specific information about mortality risk than is usual from a diagnostic test. This
could have a range of effects on behavior, including efforts to alter prognosis (e.g., smoking
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cessation). Test results with prognostic information would be expected to affect family members
as well.

Legal and ethical effects. Results of tests that provide prognostic information could have legal
outcomes too, especially if the tested individual acts in ways that belie the information he has
received (e.g., entering into a contract or relationship that he is unlikely to fulfill). In the example
being considered here, it is unlikely that the prognostic information from spirometry would
actually raise legal issues, but in other cases, such as a test that demonstrates widely metastatic
cancer, legal or ethical issues might arise. These legal and ethical effects of testing may reach
beyond the tested individual and affect society if many individuals have substantial concealed
information that influences their actions.

Costs. The costs of the test to the insurer and the patient, relative to the costs of collecting
information from a history and physical examination, could be of interest to stakeholders.

Additional considerations involved in evaluating genetic tests. Paper 11 describes in detail
unique issues regarding evaluation of genetic tests. With respect to relevant outcomes, we note
only a few considerations here. Most prominent is the effect of genetic testing on family
members. Genetic information about the tested individual has direct bearing on family members
who share genes. Emotional and behavioral outcomes need to be considered, as well as ethical
outcomes if family members feel pressured to proceed with testing to provide better information
for the rest of the family. A second issue is the possible impact of testing on health insurance
eligibility. Recent legislation in the United States prohibits the use of genetic test results to
exclude an individual from health insurance coverage, making this less a relevant outcome than
in the past. This policy varies worldwide, however, and may be a relevant consideration in some
countries.

Summary

In specifying and setting priorities for outcomes to address in systematic reviews of medical
tests, EPCs should remember these key points:

e (Consider both outcomes relevant to the testing process and outcomes relevant to the
test results.

e Consider inclusion of outcomes in all five domains: clinical management effects;
direct test effects; emotional, cognitive, and behavioral effects; legal and ethical
effects; and costs.

e As part of the process of choosing the outcomes for inclusion, consider to whom the
outcomes are most relevant.

e Given resource limitations, prioritize which outcomes to include. This decision
depends on the needs of the stakeholders, who should be assisted in prioritizing the
outcomes for inclusion.

11
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Effectiveness and Comparative Effectiveness Reviews, systematic reviews of existing research
on the effectiveness, comparative effectiveness, and comparative harms of different medical
tests, are intended to provide relevant evidence to inform real-world health care decisions for
patients, providers, and policymakers. In an effort to improve the transparency, consistency, and
scientific rigor of the work of the Effective Health Care (EHC) Program, through a collaborative
effort within the Evidence-based Practice Center Program, have developed a Methods Guide for
Medical Test Reviews. We intend that these documents will serve as a resource for our EPCs as
well as for other investigators interested in conducting systematic reviews on medical tests.

This Medical Test Methods guide is intended to be a practical guide for those who prepare and
use systematic reviews on medical tests. This document complements the EPC Methods Guide
on Comparative Effectiveness Reviews

(http://www .effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-
reports/?pageaction=displayproduct&productid=318), which focuses on methods to assess the
effectiveness of treatments and interventions. The guidance here applies the same principles for
assessing treatments to the issues and challenges in assessing medical tests and highlights
particular areas where the inherently different qualities of medical tests necessitate a different or
variation of the approach to systematic review compared to a review on treatments. We provide
guidance in stepwise fashion for those conducting a systematic review.

The Medical Test Methods Guide is a living document, and will be updated as further empirical
evidence develops and our understanding of better methods improves. Comments and
suggestions on the Medical Test Methods Guide and the Effective Health Care Program can be
made at www.effectivehealthcare.ahrq.gov.

None of the investigators have any affiliations or financial involvement that conflicts with the
material presented in this report.




Paper 4. Searching for Studies

Locating all published studies relevant to the key questions is a goal of all systematic reviews.
Inevitably, Evidence-based Practic Centers (EPCs) encounter variation in whether or how a
study is published and in how the elements of a study are reported in the literature or indexed by
organizations such as the National Library of Medicine. A systematic search must attempt to
overcome these problems to identify all relevant studies, taking into account the usual constraints
on time and resources.

With studies of medical tests, locating all available studies is especially important because the
results of studies of medical tests themselves tend to be highly variable.'” In the face of such
challenges, searches need to use multiple approaches to have high recall (sensitivity).
Unfortunately, sensitivity usually comes at the cost of relevance (specificity). Any systematic
review of medical tests is likely to involve a good deal of human labor identifying relevant
articles from large batches of potentially relevant articles to be sure that none is missed. In this
paper, we discuss some of the challenges in identifying studies, focusing on medical tests.

Common Challenges

Systematic reviews of test strategies for a given condition require a search on each of the
relevant test strategies under consideration. In conducting the search, an EPC may use one of two
approaches. The EPC may search on all possible tests used to evaluate the given disease, which
requires knowing all the possible test strategies available, or the EPC may search on the disease
or condition and then focus on medical test evaluation for that disease.

When a review focuses on specific named tests, searching is relatively straightforward. The
names of the tests can be used to locate studies, and a specific search for the diagnostic concept
may not be necessary.”™

However, searches for a disease or condition are broader searches and greatly increase the
burden of work in filtering down to the relevant studies on medical test evaluation.

Principles for Addressing the Challenges

Principle 1: Do not rely on search filters alone

Several search filters (sometimes called “hedges’), which are pre-prepared and tested searches
that can be combined with searches on a particular disease or condition, have been developed to
aid