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Net Benefit in Decision Curve Analysis

25-Sep-252 Insert > Header & footer



Decision making and Net Benefit
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Decision curve
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Net Reclassification Index
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NRI definition

Net Reclassification Index:

• (move up |  event – move down |  event) +  

(move down |  non-event – move up |  non-event )

• I f dichotomy: 

improvement in sensitivity +  improvement in specificity



Calculat ion of  NRI
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22/183=12%

1/3081=.03%



Historical perspective

Birth of NB, DCA & NRI 

Antenatal works

Peirce 1884

Cook 2007

Perinatal works

A happy youth?

Death / eternal life?

25-Sep-259 Insert > Header & footer



Antenatal works
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Youden index: sens + spec – 1

Net Benefit: TP – wFP / n



Youden index and Net  Benef it ;  Peirce, Science 1884



Incremental value of marker

• Classic approach:

• Define a reference model, add marker to evaluate incremental value

• Regression coefficient problematic (scaling); p-value assumed to be low

• Increase in AUC / c statistic usually small (typically: +0.01)

 something must be wrong: AUC <insensitive=; <only a rank order statistic=
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Antenatal work
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Historical perspective
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Cook 2007
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NRI
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7 invited commentaries, 

Stat Med 2008



NRI has 8absurd9 weighting?



Relative utility (Stuart Baker)
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Relative utility curves evaluate risk prediction models by comparing

their net benefit at different risk thresholds to that of perfect prediction, 

providing a normalized score (0 to 1) of clinical usefulness



Compromising
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Historical perspective

Birth of NB, DCA & NRI 

Antenatal works

Peirce 1884

Cook 2007

Perinatal works

A happy youth?

Extensions / reflections in methodological literature

Tremendous acceptance in medical literature

Death / eternal life?
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• Use clinically meaningful risk cutoffs for the category-based NRI

• Report both NRI components

• Address issues of calibration

• Do not interpret the overall NRI as a % of the study population

• Promising NRI findings need to be followed with

decision analytic or formal cost-effectiveness evaluations



Many applications of NRI, many in top journals
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dAUC 0.009; NRI 7.6%

dAUC 0.014; NRI 7.3%



Historical perspective

Birth of NB, DCA & NRI 

Antenatal works

Peirce 1884

Cook 2007

Perinatal works

A happy youth? Mixed

Death / eternal life?

Kerr, Janes, Pepe, .. 2014

Hilden, Gerds, .. 2014
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Laure9s questions
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Questions for methods development

1. When and how were negative aspects of the method

discovered and published? 

At birth .. 7 Commentaries; most vigorous by Sander Greenland 

(8absurd9)

2. How was neutrality sought for in phase 3 and phase 4?

Mathematics to align NRI with Net Benefit as wNRI

Hypothetical examples to expose problems (miscalibration)

3. When and how was the method first used in applications? 

Immediately, we don9t like 80.0099 improvement, 

we like 88%9.
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Phase Scope Typical Activities Outcome NRI

I Introduction of a 

new method

Theoretical development, 

proofs, asymptotics, basic 

illustrations

Demonstrates 

theoretical validity

Mixed reception

II Initial application

and evaluation

Limited simulations, real-life 

applications that are not too 

complex (with >cleaned 
data<, ...).

Inventor usually involved

Demonstrates 

usefulness, but still 

with caution, 

restricted to the 

specific investigated 

settings

Marker researchers ++ 

Epidemiologists + / –

Decision-scientists –

Statisticians – –

III Broader evaluation 

and comparison of 

still relatively new 

method (compared 

to other probably 

established or new 

methods)

Neutral comparison studies 

(inventor bias avoided or 

transparently disclosed), 

extensive simulations, 

diverse real-world examples

Comparative 

performance, 

strengths, 

limitations

Kerr & Hilden: killing

IV Evidence synthesis 

and increased 

understanding 

about a method 

that has been in use 

for some time 

(:post-marketing8)

Reviews, complex 

applications, wide 

simulations in new, 

previously unconsidered 

settings, identification of 

possible pitfalls, 

development of diagnostics 

Clarifies when the 

method is 

preferable over 

others, or 

comparable to 

others, or when it 

should not be used 
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The Swiss city where even fun is serious
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Historical perspective

Birth of NB, DCA & NRI 

Antenatal works

Perinatal works

A happy youth?

Death / eternal life?
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Net  Benef it

Net Benefit =  (TP – w FP)/N

w =  cut-off/  (1 – cut-off)

• e.g.: cut-off 50%: w =  .5/ .5= 1; 

cut-off 20%: w= .2/ .8= 1/4

• w =  H : B ratio

<Number of true-positive classifications, 

penalized for false-positive classifications=

Display as curve for plausible thresholds



Poll utility-based measures

Net Benefit analysis is here to stay; it should become a standard element of 

prediction model performance assessment if predictions are intended to

support decision making

Agree / disagree

Decision Curve Analysis (DCA) is here to stay; a picture is worth a 1000 words

Agree / disagree

The key difficulty with Net Benefit analysis and DCA is to determine a plausible

threshold

Agree / disagree
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Poll NRI

NRI was a historical mistake, suffering from Frankenstein9s law: you are 

responsible for the monster you create

Agree

Overall NRI should not be used to quantify incremental value of a marker

Agree / Disagree
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Delta AUC at 5.6% cut-off

AUC 0.696  0.719, +0.023

Sens 0.738  0.776, +0.038; spec 0.654  0.661, +0.008

NRI = 0.038 + 0.008 = 0.046
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Steyerberg et al, Rev Esp Cardiol. 2011



NRI  and delt a AUC

NRI =  delta(sens) +  delta(spec)

AUC for binary classification =  (sens +  spec) /  2

Delta AUC =  (delta(sens) +  delta(spec)) /  2

NRI  =  2 x delt a(AUC)

Delta(Youden) =  delta(sens) +  delta(spec)

NRI =  delta(Youden)



Reclassification plot
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Summary measure: Integrated Discrimination Index (IDI)

Similar to delta Discrimination slope / delta R2



Decision-analytic variants

Weighted NRI

Delta NB (Vickers)

Delta Relative Utility (Baker) / standardized NB (Pepe / Janes)
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Historical perspective

Peirce, Science, 1884

Vergouwe, 2003

Vickers, MDM, 2006

Cook, Circulation, 2007

Pencina, Stat Med, 2008

Vickers, Extension in BMC, 2008

Baker, JNCI, 2009

Pencina, Extensions in Stat Med, 2011

Pencina, Interpretation in AmJEpi, 2012
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