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Solution 8.1   
 
From the given baseline hazard function, we have: 
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Solution 8.2  
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Solution 8.3  
 
In general, if hazard functions are related by ( ) ( )1 0h x k h x= , then survival functions are related by 

( ) ( )( )1 0
kS x S x= . So here we have: 
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Solution 8.4  
 
The hazard function here is the one corresponding to the baseline survival function given in Question 8.3: 
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Solution 8.6  
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Solution 8.7  
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Solution 8.8  
 
A female non-smoker ( 1 2 0z z= = ) corresponds to the baseline group. For a male 2-pack per day smoker 
( 1 21, 2z z= = ) we have: 

 ( ) 0.010 1 0.015 2 0.041,2 1.04081g e e× + ×= = =  
 
So the relative risk is: 
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Solution 8.9  
 
Using the results of Solutions 8.8 and 8.9, we have: 
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Solution 8.10  
 
From Section 8.4, we have: 
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The second order partial derivatives are thus: 
 

 

( )( )

( )( )

( )( )

2

2 2

2
,

2

2
, ,

2 3 2

ln ,

ln ,

ln ,
2

m j

f i m j

L K t
K K

xL K
K

x K xL K s t
K

θ

θ
θ θ

θ

θ θ

∂
= −

∂

∂
=

∂ ∂

+∂ +
= − × +

∂

∑

∑ ∑

 

 
Using the fact that fE X θ  =   and [ ] /mE X Kθ=   (see Section 8.4), we have: 
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So the information matrix is: 
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Solution 8.11  
 
The asymptotic covariance matrix of the estimators is the inverse of the information matrix: 
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Solution 8.12  
 
First determine the baseline (female) model: 
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For the male survival model we will simplify the notation. Instead of the standard notation 
( ) ( ) ( )0| 1 1h x z g h x= =  we will simply write ( )1h x . Furthermore, it will simplify the likelihood function if we 

write ( )1K g eβ= = : 
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Now we can write down the likelihood function: 
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Solution 8.13  
 
The log-likelihood function is: 
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The partial derivatives are: 
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The simultaneous solutions are: 
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Solution 8.14  
 
To simplify matters we will use the following notation: 
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The modified risk set data is: 
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Using the formula for the partial likelihood function and the notation introduced here, the partial likelihood 
function is: 
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This expression can be simplified to the following: 
  

( )
( ) ( )22 1 2

K
L K

K K
=

+ +
 

 
The log-partial likelihood function is: 
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Solution 8.15  
 
We obtained the partial likelihood estimate ˆ 0.618K =  in Solution 8.14. We will need the following: 
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Using the (unrounded) values in the last line in the display above leads to: 
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Solution 8.16  
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Solution 8.18  
 
The distribution of 1 1 2 2

ˆ ˆz zβ β+  is approximately normal with mean 1 1 2 2z zβ β+  and variance equal to the 
result in Solution 8.17.   

 

Solution 8.19  
 
From Solution 8.18, it follows that the distribution of 1 2

ˆ ˆ6β β− +  is approximately normal with mean 1 26β β− +  
and variance: 
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The 90% confidence interval for 1 26β β− +  is thus: 
 
 0.06200 1.645 0.00065± ×  
 
This interval is: ( )0.020 , 0.104 . 
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Solution 8.20  
 
The relative risk of a female who consumes 8 fluid ounces of alcohol per day (Life 1) to a male who consumes 2 
fluid ounces per day (Life 2) is: 
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So we can obtain the 90% confidence interval for the relative risk by applying the exponential function to the 
endpoints of the interval in Solution 8.19: 
 
 ( ) ( )0.020 0.104, 1.020 , 1.110e e =  


