
 
 
 
                               

 Survival time 
 
 
                         
 
                       Most commonly used method: Cox Proportional Hazard Model  
 
 
                           What would happen if the covariate changes over time? 
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 Cox Model form 

 
Sir David Cox introduced the model in 1972. The model can be expressed as follows: 
 
 
 

           
                                                               Baseline Hazard 
                                                                  
 
 
 
We assume that the explanatory variables or co variates are time independent. The co-variates 
could be binary, continuous or discrete. 
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  PH assumption  

The key assumption of the Cox model is the proportional hazards (PH) assumption. 
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   Methods to check PH assumption 

 
 
 
 
 
 
Several approaches are available to detect the non-proportional hazards. Below are the most 
commonly used methods to check the PH assumption. 
 
Ø  log-log survival plots 
Ø  Schoenfeld Residuals plot 
Ø  Include time dependent co-variates in the model 
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Extended model form 
 
 
The extended cox model is defined as follows 
 
 
 
 
 
Where           are the covariates and             is function of time for the ith 
covariate.  
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Application using SAS 

 
 
 
 
 
 
 
 
The following example illustrates how the Cox proportional hazard model is extended to fit with time 
dependent covariates, observed several times prior to event. 
 
Follow-up of 312 randomized patients with primary biliary cirrhosis, a rare autoimmune liver disease, 
at Mayo Clinic. The data consists of 1945 observation and with 20 variables. 
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   Visit Date-
Enrollment Date 

(in Years) 

Earliest Event Date - 
Registration Date  

(in Years) 

Abnormal  
Enlargement of 

Liver 

10 

Accumulation of 
fluids in body 

tissues 



Checking PH assumption 
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11 

log-log plot 



Schoenfeld residual plot for hepatomegaly (Yes, No) and edema (Yes, No). 
Schoenfeld residual obtained from Cox model with drug, age, hepatomegaly and edema as 
covariates. 
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Time dependent covariate in the model     
Model 1: 

 
 
Maximum Likelihood Estimates from PHREG procedure. 
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Checking PH assumption and extended Cox model 
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  Model 2 
      
 
 
 Maximum Likelihood Estimates from PHREG procedure. 
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Checking PH assumption and extended Cox model 
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Results 

 
 
 
 
 
 
 
 
 
Ø  PH assumption has been violated for hepatomegaly and edema. 
Ø  The effect of hepatomegaly and edema is changing over time. 
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Hazard Ratio 

Hazard ratio plot for edema (No vs Yes) over follow up time, controlling for treatment and age. 
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Challenges 

 
 
 
 
 
 
 
 
  
 
Ø  Checking PH assumption is a difficult process with many covariates in the model. 
Ø  If collinearity exists among covariates.        
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Alternate approach 

                                          
 
 
 
 
 
 
 
 
An alternative to extending the Cox model to deal with non-PH is to  stratify over the covariates 
that do not satisfy the PH. The idea is to split the sample into subgroups based on the categorical 
variable (called strata) and then re-estimate the model. 
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Summary and Conclusion 

 
 
 
 
 
 
 
 
 
Ignoring nonproportional hazards in an analysis can lead us to incorrect results. So before 
applying the Cox regression model to survival data, one should first check the PH assumption. 
In case of nonproportional hazards, it would be more appropriate to use the stratified Cox 
regression or extended Cox regression models than the simple Cox regression model.  
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Questions? 
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