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Clinical Trials and Accuracy of Diagnostic Tests
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Most clinicians understand clinical trials as the evaluation process for new medicine before their use.
However, clinical trials can also be applied to laboratory diagnostic tests (LDTs) to verify diagnostic
accuracy and efficacy before their clinical laboratory implementation for patients. The clinical trial of
LDT has two distinctive characteristics that are different from the case of pharmaceuticals and thus
worth special consideration. One of them is the level of evidence. The well—designed randomized
controlled trials (RCTs) are known to provide the best evidence to prove the clinical efficacy of any
pharmaceutical products. However, RCTs lose practicality when applied to LDTs due to various issues
including ethical complications. For this reason, comparative study format is considered more feasible
approach for LDTs. In addition pharmaceuticals and LDTs are different in that the user’s intervention
i1s not required for the former but critical to the latter. Moreover, in the case of pharmaceuticals,
end—products are produced by manufacturers before being used by clinicians. However, in LDTs, once

reagents and instruments are provided by manufacturers, they are first utilized by clinical laboratories
to produce test results in order for clinicians to use them later. In other words, when it comes to LDTSs,
clinical laboratories play the role of manufacturers, providing reliable test results with improved quality
assurance. Considering the distinctive characteristics of LDTs, we would like to offer detailed
suggestions to successfully perform clinical trials in LDTs, which include analytical performance

measures, clinical test

performance measures,

diagnostic test accuracy measures, clinical

effectiveness measures, and post—implementation surveillance.
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Table 1. Test Performance Parameters (adapted from [23])

Disease
Positive Negative
Test result  Positive True Positive (TP) False Positive (FP)
Negative  False Negative (FN) True Negative (TN)

Sensitivity=TP/(TP+FN)

Specificity=TN/(TN+FP)

Positive Predictive Value (PPV)=TP / (TP+FP)

Negative Predictive Value (NPV)=TN / (TN+FN)

Likelihood Ratio for Positive Test (LR+)=[TP / (TP+FN)] / [FP/(FP+TN)]
Likelihood Ratio for Negative Test (LR—)=[FN / (TP+FN)] / [TN/
(FP+TN)]

Diagnostic Accuracy=(TP+TN) / (TP+TN+FP+FN)

Pre—test Probability (Prevalence)=(TP+FN) / (TP+FP+TN+FN)
Pre—test Odds=Prevalence / (1—Prevalence)=(TP+FN) / (FP+TN)
Post—test Odds=Pre—test Odds x Likelihood Ratio

Post—test Probability=Post—test Odds / (1+Post—test Odds)

ratio), 2Wx}A] (odds ratio), 2ol HAA (AUC) 5= o=

= 7 AtH(Table 1).
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Table 2. Oxford Centre for Evidence—Based Medicine 2011 Levels of Evidence for Diagnostic Test Studies'

Level 1
Level 2
Level 3
Level 4

Level 5 Mechanism—based reasoning

Systematic review of cross sectional studies with consistently applied reference standards and blinding
Individual cross sectional studies with consistently applied reference standards and blinding
Non—consecutive studies, or studies without consistently applied reference standards

Case—control studies, or "poor or non—independent reference standards"

Table 3. The Architecture of Diagnostic Research; the Four Most Relevant Types of Questions®’

)

Phase | question
Phase Il question
Phase Il question

Phase IV question
who do not?

Do patients with the target disorder have different test results from normal individuals?

Are patients with certain test results more likely to have the target disorder than patients with other test results?

Among patients in whom it is clinically sensible to suspect the target disorder, does the test result distinguish
those with and without the target disorder?

Do patients who undergo the diagnostic test fare better (in their ultimate health outcomes) than similar patients
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Table 4. Four Phases in the Architecture of Diagnostic Research®

Phase | Determining the normal range of values for a diagnostic test though observational studies in healthy people

Phase |l Determining the diagnostic accuracy through case—control studies, including healthy people and (a) people with known

disease assumed by diagnostic standard and (b) people with suspected disease
Phase I Determining the clinical consequences of introducing a diagnostic test through randomized trials
Phase |V Determining the effects of introducing a new diagnostic test into clinical practice by surveillance in large cohort studies

Table 5. Clinical trial of Laboratory Diagnostic Tests; Proposed Evaluation Processes

Proposed evaluation Populations Intended outcomes Phases suggested by other authors
processes Case Control (or purposes) Sackett et al.?’  Gludd et al.?
- . . Analytical sensitivity,
Pre—clinical study; Specimens expected Specimens expected ,y . y
« . L o Limit of detection (LoD),
Analytical performance to be positive in to be negative in Repeatability - -
measure" index test index test ) Lo
Analytic specificity
Clinical test Reference range
. . . - g Phase 1 and Phase 1 and
performance  Diseased patients Hormal individuals Clinically reportable range
phase 2 phase 2a
measure Cut—off level, and others
A consecutive series of suspected patients Diagnostic sensitivity
Diagnostic (or participants) Diagnostic specificity
Clinical  test accuracy Predictive value Phase 3 Phase 2b
trials measure Reference standard Reference standard  Likelihood ratio
Positives Negatives Odds ratio, AUC
A consecutive series of suspected patients
Clinical i . - .
) (or participants) Assessing clinical benefits
effectiveness & harms Phase 4 Phase 3
measure Reference standard Reference standard
Positives Negatives
e A consecutive series of suspected patients
. . i~ Quality assurance &
Post—implementation (or participants) . y . .
improvements in quality of - Phase 4

surveillance

e Standard or reference materials for verificatio
of test performance

M testing
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