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Risk Model

• Existing set of risk factors for disease

• Novel marker or test                                   
genetic, proteomic, imaging, biomarker

• New marker add predictive information

• How much better are predictions?              
do they aid in clinical decision making   



Examples

• Breast density for breast cancer risk                          
Tice et al. 2008

• C-reactive protein for CV risk                        
Cook et al. 2006

• PSA for prostate cancer risk

The Easy Question

• Statistically significant contribution?

• Fit a logistic/Cox regression model

• Examine p-value for new measure               
adjusting for other factors

• Gives p-value

• Implies better prediction                        
most compelling in validation data

and least interesting



Why not interesting?

• An easy threshold

• Many factors can reach this

• Statistical significant ≠ clinical significance

• Relevant summary needed                             
on which to gauge clinical implications

Measure of Prediction
• TPF = true positive fraction                        

proportion of case “positive”                         
aka: sensitivity

• FPF = false positive fraction                         
proportion of control “positive”                        
1-specificity

• Trade-off

• Two kinds of errors                                   
context dependent trade off



Prediction/OR 
Disconnect

• Potentially misleading measure of predict.            
-- odds ratio (OR)

• Moderate to large OR not enough for 
prediction

• Need a huge odds ratio for a variable to 
imply good prediction
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ROC Curves

• Two tests graphed =>                                 
FPF v. TPF (varying threshold)                        
aligned by FPF

• Don’t display absolute risk values

• C-statistic doesn’t relate to clinical 
decisions                                                  
measure ability to classify

Tice at al 2008

• Breast cancer risk

• SEER data

• age, race/ethnicity, family hx, biopsy hx

• added value of breast density                        
HR 4.2 (less than 65), 2.2 (65 or older)        
statistically significant

• 5 year risk model (Cox model)

• How much does density add to risk 
assessment?



Examine Risk Strata

• Based on results of a model, calculate risks

• Group risks in context dependent way          
Tice: <1%, 1-1.66%, 1.67-2.5%,  > 2.5%

• Compare between models                          
what happens with good predictive model

Without Breast Density

Strata <1% 1.0-1.66% 1.67-2.5% > 2.5%

No. 
Women 215,402 201,972 148,795 63,105

% event 0.7% 1.3% 1.8% 2.9%



With Density

Strata <1% 1.0-1.66% 1.67-2.5% > 2.5%

No. 
Women 249,959 186,106 124,420 68,744

% event 0.7% 1.3% 2% 3.1%

Calibration

• % events by category

• Both models well calibrated

• % events observed falls within expected

• Calibration has subjective aspect                  
if model predicts 2% but is really 3%          
close enough?



Net Reclassification

• Compare two prediction models             
one includes extra predictor                       
like breast density

• Cross-tabulate risk predictions based on 
model

• Examine who gets reclassified

• What % and in which direction?



Reclassification Index        

<1% 1.0-1.66% 1.67-2.5% > 2.5%

<1% 1161 415 0 0

1.0-1.66% 526 1328 754 32

1.67-2.5% 74 609 1419 621

> 2.5% 0 38 340 1467

breast cancer cases

No 

Dens

Include Density

Reclassification

• Risk strata with density

• same:   5375 (61%)

• lower:  1587 (18%)                               
less predictive direction

• higher: 1822 (21%)                            
more predictive direction

• Net reclassification = 21%-18% = 3%                        
in the more predictive direction                            
3% = 235/8784

cases



Reclassification Index        
non-cases

No 

Dens

Include Density

<1% 1.0-1.66% 1.67-2.5% > 2.5%

<1% 175,670 38,085 71 0

1.0-1.66% 63,771 98,128 36,395 993

1.67-2.5% 8,667 44,869 69,890 22,646

> 2.5% 90 2,634 15,551 42,985

Reclassification

• Risk strata with density

• same:      386,673 (62%)

• lower:    135,882  (22%)                           
more predictive direction

• higher:     98,190  (16%)                           
less predictive direction

• Net reclassification = 22%-16% = 6%             
in the more predictive direction                      
6% = 37,392/606,455

controls



Cutpoints and Net 
Reclassification

• Depends intimately on the cutpoints

• Risk 2.9% (no density) v. 10% (density)        
no reclassification -- both in high strata

• Is this a bug or is this a feature?

• Some changes may not                         
50% risk v. 70% risk

Hypothetical Clinical Trial

• Suppose wanted to know public health 
impact of adding marker

• RCT: standard v. augmented risk 
assessment

• Outcome: development of disease

• Presupposes that is some intervention



Public Health Impact

• Draws attention to issues which skulk in 
background in these debates

• If there is no plausible intervention, what is 
the health value of improved prediction?

• Is there a reasonable threshold for 
intervention?

• How much could intervention reduce risk 
in the population?

Breast Density

• Action point: risk of 1.67% over 5 years       
risk < 1.67: no intervention                        
risk ≥ 1.67: intervention

• Intervention: chemoprophylaxis, enhanced 
screening, ?

• Intervention effect: 50% reduction in risk

• Starting point for a scenario



Population

• Regular v.  Augmented Screening

• 629, 229 women in each group

• 8,784 breast cancer cases anticipated



Regular Screening

• N=629,229 

• 211, 900 have risk > 1.67%                       
have some kind of intervention 

• 4216 cancers in < 1.67% 

• 4568 cancers in > 1.67%

Augmented Screening

• N=629,229 

• 193,164 have risk > 1.67%                    
have some kind of intervention 

• 4151 cancers in < 1.67% 

• 4633 cancers in > 1.67%



Effect of Screening

• 65 additional cases would get intervention

• With 50% benefit of intervention

• 32.5 cases of cancer averted

• Net efficacy: 33/ 8784 = 0.4% of cases 
averted

• Population RR = 0.996

Case Reclassification

• 2 x 2 table using 1.67%

• Net case reclassification is 0.007

• TPF (std) = 4568/8784  = 0.52 

• TPF (aug) = 4633/8784 = 0.527

• Difference in TPF = 0.007



Net Reclassification

• Consider 2 x 2 classification

• NRIcase is difference of TPF 

• NRIcontrol is difference of FPF

• RRpop = 1 - (NRIcase)*RR                                 
0.996 = 1 - (0.007)*0.5

• 100% prevention only RRpop = 0.993

Public Health Impact

• 65 cases prevented

• NNT = 2,971

• Treated standard: 211,900

• Treated augmented: 193,164

• Reduces treated by 3% in non-cases



Odds Ratio

• Risk factor may have elevated OR

• Individual risk is modified by risk factor

• Population risk may not be greatly modified 

• Especially true if risk factors cluster

• Both embody some level of truth

C-statistic

• Very difficult to budge 

• Measure pure ability to classify

• However, strict classification is rarely of 
interest

• More interested in risk stratification



Net Reclassification

• Net reclassification tied to cutpoints

• Map to clinical decision rule

• Has correspondence to hypothetical 
clinical trial

• Devil is in the details:                                           
where and how many cutpoints

Summary

• Must balance false positives and false 
negatives

• Utilities may be very different for different 
people

• Attempt to relate to clinically relevant 
measures: individual or population level

• NRI: population level effects


