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Presenter
Presentation Notes
Good morning, my name is Qin Li. I am the statistical reviewer for this submission from the Division of Biostatistics in FDA/CDRH. 
Today I am going to present Statistical Considerations for Procalcitonin-Guided Evaluation and Management of Lower Respiratory Tract Infections and Sepsis.
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• Estimands 
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Presenter
Presentation Notes
In my presentation, I will start with an overview of how to evaluate a diagnostic test. 
Then I will briefly describe the main results of sponsor’s meta-analysis, followed by several limitations and concerns FDA has identified on the analysis results. 
In the next part of my presentation, I will discuss some alternative study designs and analysis approaches for evaluating PCT as a biomarker in antibiotic stewardship trials. 
I will conclude my presentation with summary remarks from a statistical point of view.



Predictive Biomarkers 
• Predictive biomarker informs on likely outcomes 

with specific treatments (e.g., relative sensitivity or 
resistance).  
– Other names: treatment selection biomarker, CDx 

• Prognostic biomarker is biological characteristic 
indicating likelihood of disease progression in a 
homogeneous population of patients, either not 
receiving therapy (natural course) or on a standard 
therapy. 
– inform on outcomes independent of specific treatment 

(i.e. in oncology, ability of tumor to proliferate, invade, 
and/or spread)  
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Intended Uses / Claims 
• Companion Diagnostic:  

– Provides information that is essential for the safe 
and effective use of a corresponding therapeutic 
product, allowing its benefits to exceed its risks.  

– EX. Defines the population for whom a 
therapeutic product is indicated. 

• Complementary Diagnostic:  
– Provides clinically useful information about a 

therapeutic product yet is not a prerequisite for 
the therapeutic product’s use (not an official FDA 
definition).  
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FDA Guidance, Predictive Markers 
Beaver JA; Tzou A; Blumenthal GM; McKee AE; Kim G; 
Pazdur R; Philip R. An FDA Perspective on the Regulatory 
Implications of Complex Signatures to Predict Response to 
Targeted Therapies. Clin Cancer Res. 2017, 23 (6), 1368-
1372. 
US FDA. Guidance on Enrichment Strategies for Clinical 
Trials to Support Approval of Human Drugs and Biological 
Products. US FDA: Silver Spring, MD, 2012.  
US FDA. In Vitro Companion Diagnostic Devices, US FDA: 
Silver Spring MD, 2014.  
US FDA. Principles for Codevelopment of an In Vitro 
Companion Diagnostic Device with a Therapeutic Product. 
US FDA: Silver Spring MD, 2016. 
US FDA-NIH Biomarker Working Group. BEST (Biomarkers, 
EndpointS, and other Tools) Resource [Internet]. Silver 
Spring (MD): Food and Drug Administration (US); 2016. 
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Qualitative Interaction (NSCLC) 
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Polley MC, Freidlin B, Korn EL, Conley BA, Abrams JS, McShane LM. Statistical and 
Practical Considerations for Clinical Evaluation of Predictive Biomarkers, J Natl Cancer 
Inst;2013;105:1677–1683 



Qualitative Interaction (NSCLC) 
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Quantitative Interaction (RCC) 
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Polley MC, Freidlin B, Korn EL, Conley BA, Abrams JS, McShane LM. Statistical and 
Practical Considerations for Clinical Evaluation of Predictive Biomarkers, J Natl Cancer 
Inst;2013;105:1677–1683 



 

10 

Quantitative Interaction (NSCLC) . 
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Biomarker-Drug Trials 
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Biomarker Stratified Design 
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(NSCLC, Stage 1) 



Biomarker-Stratified 
Retrospective analysis of RCT 

 

• Apply CDx biomarker test to stored specimens 
• Evaluate treatment effect in CDx subgroups (– , +) 
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Treatment A 

Treatment B 



Prospective-Retrospective 
Biomarker-Stratified Design 
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Biomarker Strategy Design 
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NSCLC 



Freidlin; B.; McShane; L.M., Korn, E.L. Randomized Clinical Trials with Biomarkers:  
Design Issues. J Natl Cancer I. 2010, 102 (3), 152-160 
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NSCLC, Stage IV 



Enrichment Design 
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Enrichment Design 

Study 
Group 

Randomize 

PCT 
measurement 

Off Study 

PCT>.25 ng/ml 

PCT ≤ .25 ng/ml 

AB initiation 

No AB 
initiation Randomize a subset of subjects 

defined by diagnostic test 
value (TRAP-LRTI on PCT ≤.1) 
Targeted Reduction of Antibiotics using Procalcitonin in outpatient adults with suspect 
lower respiratory tract infection (TRAP-LRTI), VTEU PI Geeta K Swamy, MD, MPH;  
ARLG PI Ebbing Lautenbach, Vance Fowler, Henry “Chip” Chambers.  24 

Presenter
Presentation Notes
Different designs can be used to avoid some of the Marker strategy design limitations. One design, called marker enrichment design, is useful when convincing evidence suggests that the potential treatment benefit is limited to a certain biomarker-defined patient subgroup. 
In this design, a subgroup of patients defined by the diagnostic test value, for example, initial PCT <=0.25 ng/mL, are randomized to receive either treatment therapy or control. 
In Dr. Lautenbach’s presentation earlier, the design used in the TRAP LRTI trial was actually this enriched design with PCT <0.1 ng/mL.



Discordant Risk Randomization 
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Buyse M; Michiels S; Sargent DJ; Grothey A; Matheson A; de Gramont A. 
Integrating biomarkers in clinical trials. Expert Rev Mol Diagn. 2011, 11(2), 171–
182. 



Discordant Risk Randomization 
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Bossuyt PMM, Lijmer JG, Mol BWJ. Randomised comparisons of medical tests: sometimes 
invalid, not always efficient. Lancet 2000; 356: 1844–47 



Notation 

• 𝜃𝜃𝑎𝑎𝑎𝑎 = 𝐸𝐸𝑎𝑎𝑎𝑎 𝑌𝑌 = expectation of 𝑌𝑌 for treatment 
𝐴𝐴 = 𝑎𝑎, biomarker status 𝐵𝐵 = 𝑏𝑏 𝐴𝐴, 𝐵𝐵 = 0,1 . 
– objective response (0,1), event-free survival time 

•  𝜃𝜃𝑎𝑎𝑡𝑡∗ = 𝐸𝐸𝑎𝑎𝑡𝑡 𝑌𝑌 = expectation of 𝑌𝑌 for treatment 
𝐴𝐴 = 𝑎𝑎, biomarker test result 𝑇𝑇 = 𝑡𝑡 𝐴𝐴, 𝑇𝑇 = 0,1  

𝜃𝜃𝑎𝑎𝑎𝑎∗ = Σ𝑏𝑏=01 𝜃𝜃𝑎𝑎𝑎𝑎Pr 𝐵𝐵 = 𝑏𝑏|𝑇𝑇 = 𝑡𝑡  

       = 𝜃𝜃𝑎𝑎0 1 − 𝑝𝑝𝑡𝑡 + 𝜃𝜃𝑎𝑎1𝑝𝑝𝑡𝑡, 

    𝑝𝑝𝑡𝑡 = Pr 𝐵𝐵 = 1|𝑇𝑇 = 𝑡𝑡  
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Notation 

• 𝛿𝛿𝑏𝑏 = 𝜃𝜃1𝑏𝑏 − 𝜃𝜃0𝑏𝑏 = treatment effect (difference) 
in parameter value between treatment arms 
𝑎𝑎 = 0,1 given biomarker status 𝐵𝐵 = 𝑏𝑏 = 0,1  

• 𝛿𝛿𝑡𝑡∗ = 𝜃𝜃1𝑡𝑡∗ − 𝜃𝜃0𝑡𝑡∗ = treatment effect (difference) 
in parameter value between treatment arms 
𝑎𝑎 = 0,1 given test result 𝑇𝑇 = 𝑡𝑡 = 0,1  

• ∆𝐴𝐴.𝐵𝐵= 𝛿𝛿1 − 𝛿𝛿0 = predictive biomarker capacity. 
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Biomarker Stratified Design 
𝛿𝛿𝑡𝑡∗ =  𝜃𝜃1𝑡𝑡∗ − 𝜃𝜃0𝑡𝑡∗  
𝛿𝛿𝑏𝑏 = 𝜃𝜃1𝑏𝑏 − 𝜃𝜃0𝑏𝑏 

∆𝐴𝐴.𝑇𝑇
∗ = 𝛿𝛿1∗ − 𝛿𝛿0∗ 

= 𝑝𝑝1 − 𝑝𝑝0 𝛿𝛿1 − 𝛿𝛿0  

= 𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑁𝑁𝑁𝑁𝑁𝑁 − 1 ∆𝐴𝐴.𝐵𝐵, 
= treatment arm by biomarker interaction  
∆𝐴𝐴.𝐵𝐵 attenuated by the factor 𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑁𝑁𝑁𝑁𝑁𝑁 − 1. 
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Estimand 



Biomarker Strategy Design 
• ∆𝑇𝑇−𝑆𝑆∗ = difference between test-strategy arm 

and SoC arm in outcome 𝑌𝑌.  Let 𝜏𝜏 = Pr 𝑇𝑇 = 1 . 

∆𝑇𝑇−𝑆𝑆∗ = 𝜏𝜏𝛿𝛿1∗ 

= 𝜏𝜏 𝛿𝛿0 + 𝑝𝑝1 𝛿𝛿1 − 𝛿𝛿0  

= 𝜏𝜏𝛿𝛿 

= 𝜏𝜏𝑝𝑝1𝛿𝛿1 = Pr 𝑇𝑇𝑇𝑇 𝛿𝛿1         = 𝜏𝜏𝑝𝑝𝛿𝛿1 

Remarks.  Inefficient: 𝛿𝛿1∗ diluted by 𝜏𝜏 .  
Invalid: ∆𝑇𝑇−𝑆𝑆∗  can be > 0 wo HTE or if test random    
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Estimand 

𝛿𝛿1 = 𝛿𝛿0 = 𝛿𝛿 

𝛿𝛿0 = 0 𝑝𝑝1 = 𝑝𝑝0 = 𝑝𝑝 



Enrichment Design 
• ∆𝑇𝑇+∗ = 𝛿𝛿1∗ = treatment effect given test result 
𝑇𝑇 = 1: 

∆𝑇𝑇+∗ = 𝛿𝛿1∗ 

= 𝛿𝛿0 + 𝑝𝑝1 𝛿𝛿1 − 𝛿𝛿0  

= 𝛿𝛿 

 = 𝑝𝑝1𝛿𝛿1 = 𝑃𝑃𝑃𝑃𝑃𝑃𝛿𝛿1          = 𝑝𝑝𝛿𝛿1 

Remarks.  Efficient: 𝛿𝛿1∗ not diluted by 𝜏𝜏. 
Invalid?:∆𝑇𝑇+∗  can be > 0 wo HTE or if test random    
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𝛿𝛿1 = 𝛿𝛿0 = 𝛿𝛿 

𝛿𝛿0 = 0 𝑝𝑝1 = 𝑝𝑝0 = 𝑝𝑝 

Estimand 



Discordant Risk Design 
• ∆𝐴𝐴.𝑅𝑅

∗ = difference in treatment effect between 
two discordant risk arms 

∆𝐴𝐴.𝑅𝑅
∗ = 𝛿𝛿10∗ − 𝛿𝛿01∗  

= 𝑝𝑝10 − 𝑝𝑝01 𝛿𝛿1 − 𝛿𝛿0  

𝛿𝛿𝑡𝑡𝑡𝑡∗ = treatment effect given new and standard 
test results 𝑇𝑇 = 𝑡𝑡 = 0,1  and 𝑆𝑆 = 𝑠𝑠 = 0,1 , 
𝑝𝑝𝑡𝑡𝑡𝑡 = Pr 𝐵𝐵 = 1|𝑆𝑆 = 𝑠𝑠, 𝑇𝑇 = 𝑡𝑡   

Remarks. If 𝑇𝑇 is not associated with 𝐵𝐵 given 𝑆𝑆,  
     then 𝑝𝑝10 − 𝑝𝑝01 = 𝑝𝑝•0 − 𝑝𝑝•1 < 0 32 

Estimand 

Presenter
Presentation Notes
a homogeneous or heterogeneous 



Study Design of RCTs in Literature 
Marker Strategy Design 

PCT ≤ .25 ng/ml 

Study 
Group Randomize 

PCT 

No AB initiation 

AB initiation   
PCT>.25 ng/ml 

AB initiation 
according to 

Standard care 
No PCT 

33 

 

Presenter
Presentation Notes
Randomized control trial was one of the publication selection criteria for meta-analysis. It is observed that the selected RCTs all used this so called marker strategy design.
With this design, patients are randomized to the PCT guided group or not. 
For patients in nonPCT guided group, antibiotic therapy follows the standard of care. 
For patients in PCT group, the test results of PCT will be used in conjunction with standard of care to inform antibiotics treatment decisions. 
The effect of interest is compared between nonPCT guided group and PCT guided group.



Ex. Length of Hospital Stay (Days) 

 
 
 
 
 
 
 

 

Infection Status 
PCT Not Bact  Bact Pr 

≤ 𝟎𝟎. 𝟐𝟐𝟐𝟐(−)  𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹 0.75 
> 𝟎𝟎. 𝟐𝟐𝟐𝟐(+) 𝐹𝐹𝐹𝐹 𝑇𝑇𝑇𝑇 0.25 

Prev  0.9 0.1 
No AB 6 18 

AB 6 6 

PCT Value PCT Directed AB Always 
≤ 𝟎𝟎. 𝟐𝟐𝟐𝟐(−)  𝑇𝑇𝑇𝑇(6) + 𝐹𝐹𝐹𝐹 (18) = 5.4 0.9(6) 
> 𝟎𝟎. 𝟐𝟐𝟐𝟐(+)  𝐹𝐹𝐹𝐹(6) + 𝑇𝑇𝑇𝑇 (6) = 1.5 0.1(6) 

  6.9 6 
Difference in mean length of stay between PCT-directed and 
AB always groups is ∆𝐷𝐷𝐷𝐷𝐷𝐷−𝐴𝐴𝐴𝐴𝐴𝐴∗ = 𝟔𝟔. 𝟗𝟗 − 𝟔𝟔. 𝟎𝟎 = 𝟎𝟎. 𝟗𝟗 days. 34 

Random Test 
1 − 𝑆𝑆𝑆𝑆 = 𝑆𝑆𝑆𝑆 = 0.25 
𝑝𝑝0 = 𝑝𝑝1 = 0.10 

Presenter
Presentation Notes
The mean hospital stay for PCT group is a weighted average of mean hospital stay according to the probability of the test result, which is 6.9 days.
Therefore, the estimation of the difference between the groups is only 6.9 – 6.0 = 0.9 days, much smaller than the true difference of 12. 
Therefore, you may conclude that the algorithm works because no difference in hospital stay is observed with reduced antibiotics. However, in fact, this may not be true. The observed insignificant difference may be caused by an inaccurate diagnostic test and the dilution of PCT positive group in this case. 
The precise formula can be provided upon request.




Ex. Length of Hospital Stay (Days) 

 
 
 
 
 
 
 

 

Infection Status 
PCT Not Bact  Bact Pr 

≤ 𝟎𝟎. 𝟐𝟐𝟐𝟐(−)  0.675 0.075 0.75 
> 𝟎𝟎. 𝟐𝟐𝟐𝟐(+) 0.225 0.025 0.25 

Prev  0.9 0.1 
No AB 6 18 

AB 6 6 

PCT Value PCT Directed AB Always 
≤ 𝟎𝟎. 𝟐𝟐𝟐𝟐(−)  0.675(6) + 0.075(18) = 5.4 0.9(6) 
> 𝟎𝟎. 𝟐𝟐𝟐𝟐(+)  0.225(6) + 0.025(6) = 1.5 0.1(6) 

  6.9 6 
Difference in mean length of stay between PCT-directed and 
AB always groups is ∆𝐷𝐷𝐷𝐷𝐷𝐷−𝐴𝐴𝐴𝐴𝐴𝐴∗ = 𝟔𝟔. 𝟗𝟗 − 𝟔𝟔. 𝟎𝟎 = 𝟎𝟎. 𝟗𝟗 days. 35 

Random Test 
1 − 𝑆𝑆𝑆𝑆 = 𝑆𝑆𝑆𝑆 = 0.25 
𝑝𝑝0 = 𝑝𝑝1 = 0.10 

Presenter
Presentation Notes
The mean hospital stay for PCT group is a weighted average of mean hospital stay according to the probability of the test result, which is 6.9 days.
Therefore, the estimation of the difference between the groups is only 6.9 – 6.0 = 0.9 days, much smaller than the true difference of 12. 
Therefore, you may conclude that the algorithm works because no difference in hospital stay is observed with reduced antibiotics. However, in fact, this may not be true. The observed insignificant difference may be caused by an inaccurate diagnostic test and the dilution of PCT positive group in this case. 
The precise formula can be provided upon request.




Ex. Length of Hospital Stay (Days) 

 
 
 
 
 
 
 

 

Infection Status 
PCT Not Bact  Bact Pr 

≤ 𝟎𝟎. 𝟐𝟐𝟐𝟐(−)  0.675 0.010 0.685 
> 𝟎𝟎. 𝟐𝟐𝟐𝟐(+) 0.225 0.090 0.315 

Prev  0.9 0.1 
No AB 6 18 

AB 6 6 

PCT Value PCT Directed AB Always 
≤ 𝟎𝟎. 𝟐𝟐𝟐𝟐(−)  0.675(6) + 0.010(18) = 4.23 0.9(6) 
> 𝟎𝟎. 𝟐𝟐𝟐𝟐(+)  0.225(6) + 0.090(6) = 1.89 0.1(6) 

  6.12 6 
Difference in mean length of stay between PCT-directed and 
AB always groups is ∆𝐷𝐷𝐷𝐷𝐷𝐷−𝐴𝐴𝐴𝐴𝐴𝐴∗ = 𝟔𝟔. 𝟏𝟏𝟏𝟏 − 𝟔𝟔. 𝟎𝟎 = 𝟎𝟎. 𝟏𝟏𝟏𝟏 days. 36 

Informative Test 
𝑆𝑆𝑆𝑆 = .25 𝑆𝑆𝑆𝑆 = 0.90 
𝑝𝑝0 = .0146 𝑝𝑝1 = .2857 

Presenter
Presentation Notes
The mean hospital stay for PCT group is a weighted average of mean hospital stay according to the probability of the test result, which is 6.9 days.
Therefore, the estimation of the difference between the groups is only 6.9 – 6.0 = 0.9 days, much smaller than the true difference of 12. 
Therefore, you may conclude that the algorithm works because no difference in hospital stay is observed with reduced antibiotics. However, in fact, this may not be true. The observed insignificant difference may be caused by an inaccurate diagnostic test and the dilution of PCT positive group in this case. 
The precise formula can be provided upon request.




Estimand Values, PCT EX. 
Trial Design Estimand Perfect 

Test 
Random 

Test 
Decent Test 

𝜏𝜏0 = 0 
𝜏𝜏1 = 1 

𝜏𝜏0 = 0.25 
𝜏𝜏1 = 0.25 

𝜏𝜏0 = 0.25 
𝜏𝜏1 = 0.90 

Biomarker 
Capacity 𝛿𝛿1′ − 𝛿𝛿0′  

𝑝𝑝0 = 0 
𝑝𝑝1 = 1 

𝑝𝑝0 = 0.1 
𝑝𝑝1 = 0.1 

𝑝𝑝0 = .0146 
𝑝𝑝1 = .2857 

Biomarker 
Stratified 

∆𝐴𝐴.𝑇𝑇
∗′ = 𝛿𝛿1∗′ − 𝛿𝛿0∗

′ = 
𝑝𝑝1 − 𝑝𝑝0 𝛿𝛿1′ − 𝛿𝛿0′  

12 
 

0 3.25 

Biomarker 
Strategy 

∆𝐷𝐷𝐷𝐷𝐷𝐷−𝐴𝐴𝐴𝐴𝐴𝐴∗ = 1 − 𝜏𝜏 𝛿𝛿0∗
′
 

= 1 − 𝜏𝜏 𝛿𝛿0′ + 𝑝𝑝0 𝛿𝛿1′ − 𝛿𝛿0′  
=𝛿𝛿0′=0 1 − 𝜏𝜏 𝑝𝑝0𝛿𝛿1′ = Pr(𝐹𝐹𝐹𝐹)𝛿𝛿1′  

0 0.9 0.12 

Enrichment 
∆𝑇𝑇−∗ = 𝛿𝛿0∗′ = 𝛿𝛿0′ + 𝑝𝑝0 𝛿𝛿1′ − 𝛿𝛿0′  

=𝛿𝛿0′=0 𝑝𝑝0𝛿𝛿1′ = 1 − 𝑁𝑁𝑁𝑁𝑁𝑁 𝛿𝛿1′  
0 

 
1.2 0.1752 

37 
𝛿𝛿𝑡𝑡′ = −𝛿𝛿𝑡𝑡, 𝛿𝛿𝑡𝑡∗′ = −𝛿𝛿𝑡𝑡∗, 𝜏𝜏𝑏𝑏 = Pr 𝑇𝑇 = 1 𝐵𝐵 = 𝑏𝑏  



Discordant Risk Randomization Design 

Study 
Group Randomize 

PCT 
&Standard 

care 

Concordant no AB 
initiation 

Concordant AB initiation 

Discordant 
Risk 

Do not 
initiate 

AB 

Initiate 
AB 

Randomize subjects for whom 
test result and clinician disagree 
on treatment decision 

Meeting Materials of the FDA’s Microbiology Devices Panel, 
10 November 2016. 
https://www.fda.gov/advisorycommittees/committeesmee
tingmaterials/medicaldevices/medicaldevicesadvisorycom
mittee/microbiologydevicespanel/ucm515517.htm  

Off Study 

Off Study 

38 

Presenter
Presentation Notes
Another design for biomarker evaluation is discordant risk randomization design.
Note that a test cannot improve patient outcome if its treatment decision is the same as the clinician’s.
This design measures the test in all subjects but only randomizing the patients for whom the treatment assignment is influenced by marker result. 

https://www.fda.gov/advisorycommittees/committeesmeetingmaterials/medicaldevices/medicaldevicesadvisorycommittee/microbiologydevicespanel/ucm515517.htm
https://www.fda.gov/advisorycommittees/committeesmeetingmaterials/medicaldevices/medicaldevicesadvisorycommittee/microbiologydevicespanel/ucm515517.htm
https://www.fda.gov/advisorycommittees/committeesmeetingmaterials/medicaldevices/medicaldevicesadvisorycommittee/microbiologydevicespanel/ucm515517.htm
https://www.fda.gov/advisorycommittees/committeesmeetingmaterials/medicaldevices/medicaldevicesadvisorycommittee/microbiologydevicespanel/ucm515517.htm


Key Subgroups for Adjunctive Tests 
• Marker-strategy design compares PCT + SoC 

and SoC groups on whole population. 

• Alternatively, the comparison can be restricted 
to those subgroups for whom PCT mattered 
(changed the treatment decision): 

 

 

 

 

 
 

 
 

SoC + PCT 
SoC 𝐧𝐧𝐧𝐧 𝐀𝐀𝐀𝐀𝐀𝐀 𝐀𝐀𝐀𝐀𝐀𝐀 

𝐧𝐧𝐧𝐧 𝐀𝐀𝐀𝐀𝐀𝐀 No Change Change 
𝐀𝐀𝐀𝐀𝐀𝐀 Change No Change 
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Presenter
Presentation Notes
The Marker-strategy design compares PCT and control arms on whole population, as opposed to just the subgroups for whom PCT changed the treatment decision. 
A useful design should focus on subgroups in whom the treatment decision is likely to change, which is illustrated in the following table, where SoC is standard of care arm and Soc+PCT is the PCT guidance arm. 
The highlighted off diagonal cells are the subgroups in whom the PCT in conjunction to SoC suggests different treatment than standard of care. This should be the subgroup that we should focus on.



Estimand Values, PCT EX. 

Estimand Value 

𝑝𝑝10 0.0288 
𝑝𝑝01 0.0146 

𝑝𝑝10 − 𝑝𝑝01 0.0142 
∆𝐴𝐴.𝑅𝑅
∗′ = 𝑝𝑝10 − 𝑝𝑝01 𝛿𝛿1′ − 𝛿𝛿0′  0.1701 

40 
𝛿𝛿𝑡𝑡′ = −𝛿𝛿𝑡𝑡, 𝛿𝛿𝑡𝑡∗′ = −𝛿𝛿𝑡𝑡∗, 𝜏𝜏𝑏𝑏 = Pr 𝑇𝑇 = 1 𝐵𝐵 = 𝑏𝑏 , 𝛿𝛿1′ − 𝛿𝛿0′ = 12 

Test Test Positive 
Fractions 

Predictive 
Value 

Correlation 

S 𝜏𝜏0 = 0.40  
𝜏𝜏1 = 0.90 

𝑝𝑝0 = .0182 
𝑝𝑝1 = .2000 

𝜌𝜌0 = .0000 
𝜌𝜌1 = .5556 

T 
 

𝜏𝜏0 = 0.25 
𝜏𝜏1 = 0.90 

𝑝𝑝0 = .0146 
𝑝𝑝1 = .2857 



Discussion 
• Clinical trials are conducted in efforts to translate trial results 

to clinical practice.  
• A predictive biomarker test has direct clinical consequences 

because it is essential for the safe and effective use of a 
corresponding therapeutic product.  

• A predictive biomarker test for a therapeutic product should 
be evaluated using an estimand that provides a clear link 
between test results and the outcomes of treatment 
decisions.  

• Unfortunately, some trial designs do not separate predictive 
accuracy of the test from treatment effect, leading to an 
inefficient, misleading, or otherwise uninterpretable 
estimand for evaluating the test / treatment combination.  

• Some new performance measures (estimands) have similar 
interpretability problems.  

41 
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Janes, Brown, Pepe, Huang. Statistical Methods for Evaluating and Comparing Biomarkers for Patient 
Treatment Selection, UW Biostatistics Working Paper Series, 1-9-2013, Section 4.3. 
http://biostats.bepress.com/uwbiostat/paper389/  
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