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• Lu Tian (Stanford)
• Tianxi Cai (Harvard)
• Hajime Uno (DFCI)
• Lihui Zhao (Harvard)



• Congratulations to all for the 50th birthday!
• I was a student (1971-75), then a faculty 

member (1988-91).



This young man was one year 
old moved to Madison



• (Almost for sure) no models are correctly 
specified, but working models can be quite 
useful, depending on the questions we are 
asking (from Professor George Box, 1972-
73).



• Instead of getting the “optimal” solution to 
a wrong problem, it would be better to 
have an ok solution to the right problem.



ACTG 320 Trial

• 3-drug combination: AZT + Lamivudine + 
Indinarvir

• Question: How can we use baseline and 
short term biomarker information to do 
treatment selection?

• Y = 24 week CD4 change
• X = age, CD40, ∆CD4s, RNA0, ∆RNAs



A working model

• Y = age + CD40 + ∆CD4s + RNA0 + ∆RNAs

• Do we need all these variables?
• RNA is expensive to measure.
• How do we quantify “importance” of 

variables?



• ∆RNAs and ∆CD4s are highly statistically 
significant.

• Does it mean that we need RNA 
(expensive marker) for future patient’s 
treatment management?



Association?

• Is ∆RNAs associated with the outcome?
• What do we mean “associated”?
• The association parameter is usually 

model-dependent.

• Classical inferences about the parameter 
(unbiased, consistent, minimum variance, 
hypothesis testing, shortest conf interval)?



• Interpretation for individual coefficient is 
not trivial in presence of other covariates 

• Difficult to validate empirically, especially  
“degree of association”



Prediction

• Not particularly interested in a single 
parameter

• How does a model perform as a single 
black box? 

• Conceptually the prediction model can be 
validated 



Absolute Predicted Error

• Without RNA = 52; C.I. = (45, 57)
• With RNA = 51; C.I. = (46, 56)

• A highly statistically significant 
“association” does not give us extra 
precision of prediction?



∆CD4 = age + ∆CD4s

• How to use this “final” model for patient’s 
prediction? 

• The parametric model gives us an index 
system to group (cluster) future patients.

• Given each “index score”, we do 
nonparametric estimation of distribution of 
future response.



• Does inference matter?
• Computing or computer scientists 

including (bio-) infomaticians don’t care 
sampling variation that much.

• Validation of a “black box”
• Validation is tricky even with an 

independent set. 



• If testing and validation samples are very 
large, sampling variation may not play an 
important role, however, in bioscience, we 
deal with small or moderate study size 
studies. Sampling variation is important for 
decision making.  



• “Inexpensive” model: 
∆CD4 = age + ∆CD4s

• Is there a subgroup of patients who need 
RNA information to make better 
prediction?



Cardiovascular-related problems to 
American Women

• About half million of American Women 
died each year, related to “heart-related” 
diseases

• American Heart Association issued a 
guideline for prevention of CV-diseases

• In the next ten year, the risk of CV death is 
less than 10%, between 10% to 20%, 
more than 20%. Proper interventions are 
recommended for each category.



• How did they come up with these risk 
classifications? What are utilities?

• This may be complicated issues for 
humble statisticians to figure out alone.



• How to establish a prediction procedure 
for older American women, say, older than 
65?

• Cardiovascular Health Study 
• About 3000 women with 10-15 years of 

follow-up



• There are a large number of biomarkers 
even at the baseline.

• Forget about fishing of potentially 
important predictors

• Framingham risk factors: age, cholesterol, 
HDL, blood pressure, smoking, diabetes, 
(anti-hypertensive drug usage)

• Ten year CV-related mortality 



• Ten year CV mortality rate is about 20% 
(with other competing risks, e.g., cancer)

• Cox’s working model for survival analysis 
or logistic regression (if we are only 
interested in 10-year survival)

• Reporting regression parameter estimates 
and standard error estimates, p-values

• Prediction of ten year survival rate 
individually (inference?)



• Model checking, omnibus lack of fit test? 
Martingale residuals graphical and 
numerical methods for goodness of fit?

• P-value? Not very informative metric to do 
model checking; for small samples, no 
power;  for large samples, power is one.



• How about using prediction errors to 
examine the model fitting (validation)?

• But, how to choose a metric even for 
prediction errors (depending on the 
questions)

• The predicted response is “close” to the 
observed 



• ROC, AUC et al. for binary outcome (10-
year survival)

• Ideally, need an independent validation 
study

• Inferences about AUC, the total prediction 
error rate, sensitivity, specificity



• Calibrating the parametric risk estimate 
(grouping the subjects) via nonparametric 
function estimate; even with CHS data, the 
interval estimates can be quite wide.



• How to evaluate “added” value from CRP 
on top of Framingham risk factors?

• First, what is the overall added value?
• Next, which group of patients would 

benefit from this extra biomarker?
• Two working models, one without CRP 

(old model) and one with CRP?



• Testing hypothesis if the new marker is 
statistically significant? 

• Comparing two ROC curves and AUCs
• AUC is usually not sensitive enough to tell 

the added value
• Note that any improvement from the new 

model may not come from the CRP (the 
pure added value may not be identifiable)



• Go back to classification problem by AHS 
guideline

• Nancy Cook used re-classification rates
• Cai, Tian, et al. (2008) used 

reclassification rates and also the correct 
reclassification rates as criteria for 
quantifying the added values 



• If we are not interested in classification, 
but individualized risk predictions, what is 
a proper utility to evaluate added value of 
CRP?



• Binary chopping may be too rough, how 
about ordinal categories (short, median, 
long term survival)? 

• Continuous response?
• Personalize treatment selection via a risk 

scoring system  
• Personalized competing risks profile?



• Maybe we need to teach more “prediction” 
in basic statistics courses?

• Maybe we need to rethink how connect 
estimation of parameters to prediction?

• We need to figure out how to sell the core 
concept “inference” positively to outside 
world?



• Thank you all for invaluable guidance, I 
just wish I were smarter to really 
appreciate what you taught me in 
Wisconsin. 

• Unlike doing pure math, it takes maturity 
to appreciate statistics.
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