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Using the Principles of 
Randomized Controlled Trial Design 

To Guide Test Evaluation 

Abstract  
The decision to use a new test should be based on evidence that it will 

improve patient outcomes or produce other benefits without adversely affecting 
patients. In principle, long-term randomized controlled trials (RCTs) of test-plus-
treatment strategies offer ideal evidence of the benefits of introducing a new test 
relative to current best practice. However, long-term RCTs may not always be 
necessary. 

We advocate using the hypothetical RCT as a conceptual framework to 
identify what types of comparative evidence are needed for test evaluation. Evaluation 
begins by stating the major claims for the new test and determining whether it will be 
used as a replacement, add-on, or triage test to achieve these claims. A flow diagram 
of this hypothetical RCT is constructed to show the essential design elements, 
including population, prior tests, new test and existing test strategies, and primary and 
secondary outcomes. Critical steps in the pathway between testing and patient 
outcomes, such as differences in test accuracy, changes in treatment, or avoidance of 
other tests, are displayed for each test strategy. 

All differences between the tests at these critical steps are identified and 
prioritized to determine the most important questions for evaluation. Long-term RCTs 
will not be necessary if it is valid to use other sources of evidence to address these 
questions. Validity will depend on issues such as the spectrum of patients identified 
by the old and new test strategies. 
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Introduction 
Tests are generally used to provide diagnostic, prognostic, or predictive 

information to guide treatment decisions.  Test evaluation is undertaken to investigate 
whether this information improves patient outcomes or whether the new test produces 
other benefits, such as improved safety or reduced costs.  

Randomized controlled trials (RCTs) that allocate patients to the new test 
strategy or current best practice provide ideal evidence of the net benefits or harms of 
introducing a new test. These RCTs should have long-term followup to capture all 
immediate and downstream consequences of testing, including the effects of any 
changes in treatment. However, long-term RCTs comparing test-plus-treatment 
strategies may not always be available, feasible, or even necessary. In some situations 
more efficient RCT designs may be possible.1,2 In other situations, comparative 
evidence about the safety and accuracy of the test from observational studies may 
suffice because trials have already demonstrated the benefits of treatment for the cases 
detected.3 

Optimizing the efficiency of an RCT, or determining what other study designs 
may suffice, begins by describing the pathway by which the new test is expected to 
improve patient outcomes. Careful scrutiny of this pathway is undertaken to identify 
critical steps that will determine the effectiveness of the test and the comparisons 
needed to investigate these steps. For instance, if a new test is intended to reduce 
patient morbidity by detecting additional cases of disease, the most important question 
is: What is the effect of treatment in the extra cases detected? An efficient RCT 
design would therefore focus on comparing treatment vs. no treatment in this patient 
subgroup only: Those who test negative on the existing test but positive on the new 
test.  

Exactly the same principles apply when planning a systematic review of 
evidence for test evaluation. If the benefits of an existing test-plus-treatment strategy 
have already been established, the type of evidence needed depends on how it will be 
used to alter the existing pathway. This is determined by the proposed attributes of the 
new test and whether it will be positioned as a replacement for the existing test, an 
add-on test after the existing test, or as a triage test before the existing test.4  

To date, guidance for systematic reviews of diagnostic tests has predominantly 
focused on the methods for assessing test accuracy rather than how to assess the 
consequences of test results and other test attributes on patient outcomes. The purpose 
of this paper is to: (1) describe how a hypothetical RCT offers a useful conceptual 
framework to identify what types of comparative evidence are needed to evaluate a 
new test; (2) describe how the type of evidence needed varies according to whether 
the new test will be used as a replacement, add-on, or triage test and the intended 
benefits; and (3) identify situations where RCTs assessing the entire test-plus-
treatment pathway are essential for conclusions about the impact of a new test on 
patient outcomes or where studies assessing test accuracy, safety, and other 
immediate or intermediate outcomes may suffice.  

Box 1 summarizes how the hypothetical RCT can be used to guide test 
evaluation. 
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Box 1.  Using the hypothetical randomized controlled trial (RCT) to guide 
test evaluation 
 
• State the major claims for the new test to improve patient outcomes. 
• Describe whether it will be used as a replacement, add-on, or triage test to 

achieve these claims. 
• Design a hypothetical RCT of the test-and-treatment strategy to 

investigate these claims. Construct a flow diagram to show its key 
elements, including target population, prior tests, and the pathway linking 
testing to patient outcomes.  

• Label on the flow diagram all differences between the new and existing 
test strategy that can be linked to patient outcomes. 

• Specify the type of comparative evidence needed to measure these 
differences. 

• Outline what assumptions need to be made if comparative accuracy and 
other observational studies of elements of the flow diagram will be used 
instead an RCT 

• Judge whether these assumptions are reasonable. 

Using the RCT Analogy in Test Evaluation 
Planning an evaluation of a new test is analogous to developing a protocol for 

an RCT for the same purpose. The first task is to clarify the claim and list the primary 
intended changes in patient, cost, or other health service outcomes. This is analogous 
to defining the primary study objective for an RCT. All other potential changes in 
outcomes can then be listed as secondary objectives.  

Potential patient benefits of testing include reducing patient mortality or 
morbidity, improving health-related quality of life, or other effects, such as reduced 
patient discomfort, anxiety, or inconvenience. To define all potential changes in 
outcomes, clinical experts involved in the diagnosis and management of the target test 
population can advise on the most likely role of the new test relative to current 
practice and consider how patients will be better off and how they might be worse off. 
It may be helpful to refer to a checklist of possible patient outcomes to assist this 
process. (See the paper by Bossuyt and McCaffery among these White Papers and in 
Medical Decision Making.5)  

The incremental benefits and harms of a new test may occur along one or 
more pathways. One pathway involves a series of steps linking improved test 
accuracy with changes in patient management and the effects of these management 
changes on patient outcomes. Changes in patient outcomes can occur along this test-
treatment pathway because of a change in treatment or further testing. In another 
pathway, a new test may affect patient outcomes through other attributes of the 
procedure itself, such as safety and acceptability, without changing patient 
management. Tests may also affect patient outcomes through the patient’s emotional, 
cognitive, or behavioral response to the test result and clinical management.5 

The next task is to determine the type of evidence needed to investigate these 
claims. We propose that those evaluating evidence for decisionmaking imagine the 
design of an RCT to measure all specified patient outcomes and construct a flow 
diagram to map out the key elements of this trial, including the target test population, 
prior tests, index test strategy, comparator strategy, and outcomes, as they would 
appear in an RCT protocol. This flow diagram can be used to determine the type of 
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comparative evidence needed to demonstrate a difference in patient outcomes 
between the new vs. existing test strategy. The validity of the evidence available can 
be appraised using this hypothetical RCT as a benchmark. Conceptually, this 
approach is fundamentally different from, and should precede, the use of a decision 
model to integrate the evidence available or the development of a clinical algorithm to 
guide practice, although the flow diagram can be adapted for these purposes should 
the test evaluation identify adequate comparative evidence. 

Constructing a Test Evaluation Flow Diagram 

Display Existing Test Strategy  
The first step when constructing the flow diagram is to display the target 

population and the current best test-treatment pathway for managing these patients. 
This pathway represents the comparator strategy. It may involve no prior testing if the 
new test is intended for primary screening or for monitoring treatment, or it may be an 
existing test strategy with subsequent management defined by the test result.  

Display New Test Strategy  
The next step is to define the new test and describe the alternative test-

treatment pathway proposed using this test. This involves identifying where in the 
existing sequence of tests the new test will be used; whether it will be used as a 
replacement, add-on, or triage test for existing tests; and management following 
positive and negative test results. This pathway should be displayed alongside the 
existing test pathway on the flow diagram. Prior tests that are common to each 
pathway can be listed with the definition of the target population. Figure 1a shows a 
generic test evaluation flow diagram that can be used for a replacement test. Figures 
1b and 1c show how the test-treatment pathway varies if the new test will be used as 
an add-on or triage test.  

Identify Critical Comparisons 
All differences between the new and existing test strategy that can be linked to 

immediate or downstream consequences for the patient, both benefits and harms, can 
be labeled as critical comparisons on the flow diagram. These differences will 
determine the effectiveness of the new test and can be used to formulate the research 
questions for evaluation. As shown in Figure 1, differences in test safety and test 
accuracy always deserve consideration. If a difference in test sensitivity or specificity 
is identified, changes in management for the extra true or false positive or negative 
test results also need to be considered together with evidence about the impact of 
these changes in management on patient outcomes.  

Differences in test attributes along other pathways will be at least as important 
in many cases.5 These may include:  
• Other consequences of the test procedure itself, such as improved access for 

patients.  
• Other consequences of the test results, such as additional clinical information 

about prognosis without altering treatment selection.  
• Other consequences of clinical decisions, such as increased adherence to 

treatment or adoption of healthy behaviors among patients testing positive 
using the new test.  
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Priority can be assigned to pathways and comparisons within pathways that 
are directly associated with higher order effects such as patient mortality and 
morbidity. For example, if a new test is more sensitive than the existing test, priority 
is assigned to the test-treatment pathway. Within this pathway, the difference in 
treatment effects for the extra cases detected is the most critical comparison 
determining changes in patient outcomes.  

The key elements of the hypothetical RCT can be used to define criteria for 
selecting relevant evidence to address each comparison. Multiple flow diagrams may 
be needed if the role of the new test or the type of comparator differs for different 
patient groups—for example, if the test will be used as an add-on test in primary care 
but as a triage test in tertiary care. Three examples to show how the flow diagram can 
be used to map out critical comparisons, select evidence, and judge the need for a 
long-term RCT are discussed below and summarized in Table 1.  

Identifying the Type of Comparative Evidence Needed 
for Test Evaluation 

1. The Replacement Test  
A new replacement test may be introduced to improve patient outcomes by 

improving treatment selection along the test-treatment pathway if it is more sensitive 
and/or specific than the existing test or by providing benefits along other pathways 
due to other attributes.  

Critical comparisons and evidence 
If the new test is intended to be more sensitive than the old test, the critical 

comparisons are: 
• First, does treatment of the extra true positive cases detected improve patient 

outcomes? 
• Second, what is the difference in sensitivity and specificity of the new test for 

detecting extra cases of disease? 
 
Trials may have already demonstrated the efficacy of treatment among cases 

detected by the existing test to help address the first question. However this evidence 
may not apply to the extra cases detected by the new test if they represent a different 
spectrum of disease, as discussed below for add-on tests.  

If the major intended benefit of the new test is improved specificity, the 
critical comparisons are: 
• First, what are the benefits of fewer false positive findings? 
• Second, what is the difference in sensitivity and specificity of the new test? 

 
If the new test is more specific but less sensitive than the old test, careful 

assessment of the trade-off between these benefits vs. the harms of additional false 
negatives will be needed.  

Alternatively, if the new test is intended to provide other attributes such as 
improved safety, the critical comparisons are: 
• First, is the new test at least as sensitive and specific as the existing test so 

patient management is not compromised? 
• Second, what is the difference in adverse event rates or other relevant 

outcomes?   
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Example: liquid-based cytology (LBC) as a replacement for the Pap test in 
cervical screening 

Using the flow diagram in Figure 1a, consider the critical comparisons and 
types of evidence needed to evaluate LBC as a replacement for the conventional Pap 
test for cervical cancer screening (Table 1). We already have evidence that Pap test 
screening programs reduce the incidence and mortality of cervical cancer.6 For the 
purpose of this simplified example, we will assume the major claims for LBC are 
reduced cervical cancer incidence due to improved test sensitivity and reduced 
unsatisfactory slide rates. 

Test-treatment pathway 
The first priority is to compare the sensitivity and the specificity of LBC vs. 

the Pap test. Two meta-analyses have reported LBC has similar sensitivity and 
specificity to the Pap test for the detection of high-grade cervical abnormalities.7,8  
Based on this evidence, we conclude that LBC will not directly lead to a change in 
management. A long-term RCT of the entire new test-plus-treatment strategy is not 
needed because the efficacy of the existing test-plus-treatment strategy has already 
been established and the new test will not alter this pathway.  

The exception is if the two tests have similar sensitivity and specificity but do 
not have perfect agreement and detect patients in a different spectrum of disease. For 
example, two cytology tests being compared might have the same sensitivity when 
using the total number of true low-grade and high-grade lesions detected, but one test 
might detect a higher proportion of high-grade cytological abnormalities and a lower 
proportion of low-grade cytological abnormalities than the other test.  

Other pathways 
The next step is to assess differences in test safety and other attributes of the 

test that may be linked to patient outcomes along other pathways. LBC is a safe 
procedure and is associated with the same level of patient discomfort as the Pap test, 
so no differences in immediate patient outcomes are anticipated as a result of the test 
procedure. A comparison of unsatisfactory slide rates using LBC vs. Pap tests takes 
next priority. A reduced unsatisfactory slide rate for LBC may provide immediate 
patient benefits by reducing patient recall rates, associated inconvenience, and costs, 
as well as providing potential downstream benefits, such as improved adherence to 
screening protocols.  

Short-term RCTs would provide ideal evidence about a difference in 
unsatisfactory slide rates between the two test strategies. At least one such trial has 
been performed.9 If followup were taken to the next screening round, such RCTs 
would also provide valuable evidence about a difference in patient adherence.  

Long-term RCTs are not required if assumptions linking these intermediate 
outcomes to long-term patient benefits, including reduced cancer incidence and 
mortality, appear to be reasonable. 

2. The Add-On Test 
Add-on tests are generally introduced to improve patient outcomes through 

improved treatment selection by increasing the sensitivity or specificity of a testing 
strategy. They may be used on all patients, in which case the test-treatment pathway 
resembles that shown in Figure 1a for replacement tests, or reserved for a subset of 
patients—for example, the addition of a more sensitive test for those testing negative 
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on the existing test, as shown in Figure 1b and discussed in the breast magnetic 
resonance imaging (MRI) example below.  

Critical comparisons 
The critical comparisons for add-on tests are: 

• First, to establish the treatment effects of detecting extra cases of disease if 
adding the new test increases sensitivity, or the benefits of avoiding further 
tests or treatment if adding the new test increases specificity. 

• Second, to assess the incremental sensitivity and specificity of adding the new 
test to estimate the additional proportion of patients tested who will benefit. 
 
Traditional cross-sectional paired accuracy studies to compare the sensitivity 

and specificity of the new vs. existing test strategy in all patients may not be required. 
As highlighted in Figure 1b, the only difference in management between the new and 
existing test strategies occurs among patients testing positive using the new test 
following a negative result on the existing test. Thus verification of test results by the 
reference standard for this subpopulation with discordant test results is sufficient.  All 
other patients would receive the same treatment in each arm of the hypothetical RCT 
and do not contribute beyond chance to any difference in treatment outcomes between 
the tests.  

Example: MRI as an add-on test for staging early breast cancer 
Breast MRI is proposed to detect additional tumor foci in women with a 

diagnosis of early breast cancer on mammography and ultrasonography planned for 
breast-conserving surgery (BCS) (Table 1). RCTs have demonstrated that BCS plus 
adjuvant radiotherapy is a safe and effective alternative to mastectomy with a similar 
risk of disease recurrence in women with stage I-II disease.10 If mammography 
detects multicentric or multifocal disease, mastectomy is recommended based on 
evidence that this population is at higher risk of local recurrence following BCS plus 
radiotherapy than women with unifocal disease.11,12 The major intended benefit of 
MRI is to improve overall and/or recurrence-free survival by detecting extra cases 
with multicentric or multifocal disease who will benefit from conversion from BCS to 
mastectomy. This treatment comparison, therefore, takes priority for the evaluation. 
The other critical comparisons are the magnitude of the increase in sensitivity; the 
extent to which true positive test findings lead to a change in management and, 
therefore, patient outcomes; and the consequences of false positive findings. These 
issues are discussed separately below. 

Test-treatment pathway 
Treatment effects. Randomized comparisons are needed to assess the efficacy of 
converting from BCS to mastectomy in women with additional tumor foci detected by 
MRI that are mammography occult (Pathway A*, Figure 1b). Should the evaluation 
proceed without this RCT evidence? This depends on judgments about the plausibility 
of assumptions that the treatment effects observed in women with mammogram-
detected disease will equally apply to this new subpopulation, and the potential 
consequences should these assumptions later be proven incorrect.  

Table 2 uses a hypothetical example to describe how estimates of treatment 
effects for the extra cases detected by a new test may vary according to different 
assumptions about patient prognosis and treatment response. In theory, the absolute 
benefits of a new treatment depend on three factors: the patient risk of future disease 
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events without this treatment (prognosis), the relative effectiveness of the new 
treatment, and the risks of treatment. The absolute risk reduction equals the patient 
baseline risk times the relative risk reduction minus the risks of treatment.  

These concepts can be applied to the breast MRI example. If it is reasonable to 
assume mastectomy provides the same relative effects for patients detected by either 
test, the number of tumor recurrences avoided at 10 years per 1,000 extra cases 
detected will vary proportional to the prognosis of these cases when treated by 
standard BCS plus adjuvant radiotherapy alone. On the one hand, if the extra cases 
show a prognosis similar to cases detected by mammography and ultrasonography, 
the same absolute treatment benefits can be expected (Scenario 1, Table 2). One the 
other hand, if the extra cases show a similar prognosis to mammography and 
ultrasonography  negative “noncases,” the addition of MRI will not be warranted 
based on existing RCT evidence that BCS is adequate for this low-risk group 
(Scenario 2, Table 2).  

Alternatively, patient prognosis and treatment response for the extra MRI-
detected cases may lie somewhere between these extremes (Scenarios 3 and 4, Table 
2). Observational studies can sometimes offer useful evidence about differences in 
prognosis between patient groups. However prognostic studies are unlikely to be 
feasible in this example, where the goal would be to compare long-term outcomes for 
the extra cases of multicentric or multifocal disease detected by MRI with cases 
detected by mammography alone when both groups are managed with BCS plus 
adjuvant radiotherapy. Even so, regardless of whether prognostic information is 
available, RCTs would still be needed to test the assumption that mastectomy 
provides the same relative effects for patients detected by either test. This would 
involve randomizing women with multicentric or multifocal disease to mastectomy or 
BCS plus adjuvant radiotherapy and comparing the treatment effects between 
subgroups of women defined by mammography or MRI alone using a statistical test 
for interaction.  

 
Test accuracy. If comparative accuracy studies with verification of all test results are 
not available, cross-sectional studies that verify MRI-positive, mammography-
negative patients will suffice to estimate and compare the rate of extra true positive 
and false positive findings. It is not essential to verify concordant negative test results 
or mammography and ultrasonography test-positive results because this information 
will not affect treatment decisions or patient outcomes. 
 
Change in management. Evidence about the impact of the new test on changes in 
management is needed if there is uncertainty about whether all additional patients 
testing positive using the new test will receive the same treatment as cases detected by 
the existing test, or whether all patients missed by the existing test will not otherwise 
receive this treatment. Such uncertainty may arise if further testing occurs before 
treatment or if other clinical factors or patient preference influence treatment 
decisions. Even taking into account the use of needle biopsy to detect false positive 
MRI results, some women with a positive MRI finding of multiple tumor foci may 
still opt for BCS and adjuvant radiotherapy, or some women with a negative 
mammogram may still proceed to mastectomy due to clinical findings indicating more 
widespread disease at surgery. Therefore, it will not be possible to infer the additional 
rate of conversion to mastectomy following MRI based on the rate of extra true 
positive MRI-detected cases reported by accuracy studies alone. Ideally, short-term 
RCTs would be available to quantify the difference in mastectomy conversion rates 
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for true positive cases with and without MRI. Other sources of evidence would be 
accuracy studies with a period of followup or before-and-after studies reporting the 
proportion of women with a true-positive finding who go on to convert from BCS to 
mastectomy.13 

 
Consequences of false positive findings. Finally, what are the consequences of false 
positive findings? The immediate consequences, such as unnecessary needle biopsies, 
surgery, or other interventions and costs, can be determined using data from 
consecutive series of tested patients that include a period of clinical followup. For 
example, a systematic review of breast MRI included data from accuracy studies that 
reported on the management of positive MRI findings.14 This review found that 
although many false positive findings are investigated by needle biopsy, conversion 
from wide local excision to more extensive surgery due to false positive findings 
occurred in around 5 percent of women.   

RCTs comparing the new vs. existing test strategy would provide the most 
valid evidence to assess differences in rates of patient anxiety and other adverse 
events due to these unnecessary interventions. If such trials are not available, 
conclusions about the benefits of adding MRI have to depend on judgments weighing 
the rates and consequences of extra true positives against the rates and consequences 
of extra false positive findings (Table 1). 

3. The Triage Test 
Triage tests are generally introduced to increase the safety or efficiency of a 

testing strategy—for example, through the avoidance of more invasive, time-
consuming, or costly tests.4 They present different comparisons from replacement 
tests because only a proportion of all patients tested avoid the existing test—those 
testing negative on the triage test, as shown in Figure 1c.  

Critical comparisons 
Triage tests often present trade-offs between the benefits of safer or earlier 

exclusion of patients without the target condition and the harms of false negatives. 
The critical comparisons are commonly: Is the new test at least as sensitive and 
specific as the existing test? What is the difference in adverse event rates or other test 
attributes other than accuracy?   

Example: D-dimer as a triage test in suspected deep venous thrombosis 
Consider the evaluation of rapid point-of-care D-dimer as a triage test prior to 

ultrasound in patients with suspected deep venous thrombosis (DVT) clinically 
assessed as low risk (Table 1). The potential benefits of this strategy include improved 
patient access and convenience with reduced time and costs due to the avoidance of 
ultrasound in patients with a negative D-dimer test.15,16 The potential harms include 
increased patient morbidity due to missed diagnoses if D-dimer is less sensitive than 
ultrasound; increased inconvenience, time to definitive treatment, and costs for 
patients with a positive D-dimer who need to proceed to ultrasound; and/or increased 
patient anxiety and costs for false positive D-dimer findings.  

Test-treatment pathway 
The optimal comparative accuracy study would verify all test results with the 

reference standard. However, the only difference in the use of ultrasound between the 
test strategies occurs among patients testing negative using D-dimer (Pathway B*, 
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Figure 1c). Thus, studies that only compare negative D-dimer results with ultrasound 
can provide all the required information about clinically meaningful differences in test 
accuracy for the detection of DVT.  

The other key critical comparisons—the effects of delayed treatment for 
patients with false negative results—can also be identified for consideration using the 
flow diagram. The consequences of delayed treatment of DVT are potentially serious 
and ideally measured by RCTs. 

Other pathways 
It is possible that the availability of D-dimer lowers the threshold for testing in 

patients with suspected DVT. This could be explored in short-term RCTs, which 
would also be ideal to compare patient convenience and other attributes. 

When do we need long-term RCTs to assess trade-offs between the benefits 
and harms of a new test? Even if feasible, the hypothetical RCT would be 
unnecessary if there are good comparative studies assessing all critical comparisons, 
provided assumptions linking this evidence with changes in patient outcomes were 
judged to be reasonable. If so, decision modeling could be undertaken to integrate 
these data and quantify differences in patient outcomes.17  

Discussion 
We propose that considering the hypothetical RCT provides a sound 

conceptual framework for selecting and interpreting evidence to compare patient 
outcomes using a new test with current best practice.  Using the RCT analogy draws 
the focus of test evaluation on the most critical comparisons driving the intended 
changes in patient outcomes. The development of a flow diagram to illustrate the 
proposed role of the test is helpful to identify the best measure of comparative 
accuracy, characterize other critical comparisons and decide whether and what sort of 
further research is required.  

The GRADE (Grading of Recommendations, Assessment, Development and 
Evaluation) Working Group has recently emphasized the need to assess the 
consequences of test results on patient outcomes when making recommendations 
about the quality of evidence for a new test.18 However, there is little guidance 
available about what type of evidence is needed to assess these outcomes and how to 
assess other attributes of the test that may have an impact on patient outcomes.  

The USPSTF (U.S. Preventive Services Task Force) analytic framework for 
screening tests provides valuable guidance for mapping out a causal pathway linking 
testing with patient outcomes and identifying critical steps along the pathway, referred 
to as “linkages,” for investigation, such as test safety, accuracy, and treatment 
effectiveness.19 Differences between the new test and existing test strategies at these 
critical linkages will drive differences in patient outcomes. We provided examples to 
illustrate that these differences and the types of evidence needed vary according to 
whether the new test will be used as a replacement, add-on, or triage test and its 
intended benefits.   

RCTs are needed to assess the efficacy of an existing treatment for the extra 
cases detected by a new more sensitive test, just as they are needed to assess the 
efficacy of new treatments. The same applies in reverse if the new test reclassifies 
some patients with a positive finding on the existing test as “disease free” or “low 
risk” but existing treatment trials have included this patient group. This could happen 
with a new triage test intended to guide the avoidance of other tests or treatment.  An 
example is the MINDACT (Microarray In Node negative Disease may Avoid 
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ChemoTherapy) trial, which is designed to assess the value of a prognostic gene 
signature test to identify low-risk women with early breast cancer who can safely 
avoid chemotherapy.20 

In situations in which comparative evidence of the diagnostic accuracy of a 
test is not available—for example, where the perfect reference standard does not 
exist—the flow diagram can be used to identify the most efficient randomized 
comparisons as an alternative to an RCT of the entire test-plus-treatment strategy.  
This approach can also be used if the test is intended to guide treatment by providing 
information to classify patient prognosis or to predict treatment response. In these 
situations, RCTs that allow a comparison of treatment effects between patients with 
different test results will also provide optimal evidence. For example, the benefit of 
testing for estrogen receptor status in women with breast cancer is supported by RCTs 
of tamoxifen demonstrating an interaction between a patient’s estrogen receptor status 
and response to tamoxifen.  

A new test can change patient outcomes by more than one mechanism, 
producing different effects, in different directions, at different time points in clinical 
care. All potential consequences of the new test strategy deserve attention when 
considering the overall effects of testing. The RCT analogy can guide prioritization 
according to the potential for higher order effects. For example, full-body computed 
tomography (CT) might lead to reduced morbidity and mortality due to earlier 
detection of treatable disease in some cases, but these benefits come at a price: the 
risk of radiation-induced cancer, adverse events of further tests, treatment of spurious 
findings, and patient anxiety. An evaluation of full-body CT should give priority to 
identifying evidence about rates of test effects that are associated with changes in 
patient risk of mortality or serious morbidity. This process can be even more 
challenging when comparing two tests with different attributes, different adverse 
event rates, and different sensitivity and specificity. 

The construction of a flow diagram based on the hypothetical RCT should not 
be confused with the process used to construct a decision-analytic model. Decision 
models represent a later step in the evaluation process, where the intended outcomes, 
causal pathway, and best available evidence have already been defined, although the 
development of the flow diagram should inform the development of a subsequent 
decision-analytic model.   

Linking evidence from different studies conducted in different populations can 
never provide evidence about the impact of a new test on patient outcomes of the 
same strength and quality as an RCT, which captures the entire causal pathway, 
including the unexpected and unknown pathways. Evaluators must interpret linked 
evidence with caution. Identifiable uncertainties about effect estimates for critical 
comparisons and assumptions about linkages in the pathway can be explored using 
decision modeling,17 but modeling itself may also be prone to oversimplification and 
potential bias.  

Finally, evaluating tests is not making a choice between using evidence from 
accuracy studies or developing RCTs. It should always involve scrutiny of the clinical 
situation, identification of the health claims of the new tests, and a clear definition of 
the evidence needed to support these claims or prove them false. Regardless of the 
feasibility of a long-term RCT, both practical and ethical, to quantify all the benefits 
and harms of testing, the principles of RCT design should guide the identification and 
interpretation of relevant comparative evidence. 
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Figure 1. Test evaluation flow diagrams 
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b. The add-on test  
Difference in test-treatment pathway using add-on test shown in black 
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Pathway A* includes patients testing positive on the add-on test but negative on the existing test who would not 
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Patient outcomes 

Target population 
Prior tests 

Existing test 

Incremental  
sensitivity & specificity 

 

 

Difference in  
treated population 

 
 

 
 

Difference in  
treatment effects 

Test neg 
Add-on test 

Test result 

Test neg 
Pathway B* 

Management 

 Test pos 
 Pathway A* 
      FP   TP 

Management 

Test result 

  Test pos 
Pathway A 
 

  Test neg 
Pathway B 

Existing test 

  Test pos 
Pathway A 
 

Test result 

Management 

Difference in test safety 
& other attributes 



 15 

Test neg 
Pathway B* 
TN     FN 

Difference in  
treatment effects 

 

Difference in 
treated population 

Difference in  
sensitivity & specificity 

Difference in  
tested population 

Difference in test safety 
& other attributes 

c.  The triage test  
Difference in test-treatment pathway using triage test shown in black 
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