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Overview 
 
The appropriate delay factor is matched to each record in SEER*Stat using the matching factor for each 
record.  These factors potentially include age group, year of diagnosis, race, gender, and cancer site.  
The delay adjusted rates are computed by using weighted averages of the cases and this will produce 
proper delay adjusted rate estimates for cases across any grouping of registries.  The variances of the 
delay-adjusted, age-adjusted rates can then be calculated.   However, the variances are much more 
complicated and difficult to implement in SEER*Stat because of the covariances between the factors, 
which requires a large amount of storages of covariance matrices in SEER*Stat.   To lessen the 
computing burden of the SEER*Stat, an approximation of the variance is used in the implementation.  It 
has been shown empirically that the approximation tends to be very close to the exact variance.  

Method 
 
To illustrate the method, assume that we are interested in age adjusted rate for J age groups.  For each 
cluster 𝑖 (𝑖 = 1, … , 𝐼) and an age group 𝑗 (𝑗 = 1, … , 𝐽), there is a delay adjustment factor,  𝐴𝑖𝑗. 𝐽 is 
usually equal to 19.   Note that the delay adjustment factors 𝐴𝑖𝑗’s are obtained from the delay model.  
The delay-adjusted age-adjusted rate (aarate) can be calculated as    
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where 𝑐𝑖𝑗 is the count, 𝑝𝑖𝑗  is the population, 𝑠𝑗 is the standard population proportion and  ∑ 𝑠𝑗𝑗=1 = 1.  𝐽

Note that 𝐴𝑖𝑗  is a function of 𝛽 = 𝛽1, … , 𝛽𝑘 ,( )′  a  parameter vector derived from the delay model.   The 
count 𝑐𝑖𝑗  is assumed to follow a Poisson distribution.   Also denote 𝑐 = �𝑐11, … , 𝑐𝐼𝐽�

′.   The variance-
covariance matrix of (𝑐, 𝛽)′  is  
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Using the delta method, the variance of the delay-adjusted age-adjusted rate can be written as  
 
𝑣𝑎𝑟(𝑑𝑒𝑙𝑎𝑦 𝑎𝑑𝑢𝑠𝑡𝑒𝑑 𝑎𝑎𝑟𝑎𝑡𝑒)

=   �
∑ 𝑐𝑖𝑗𝐴𝑖𝑗2𝑖

(∑ 𝑝𝑖𝑗𝑖 )^2
𝑠𝑗2 +

⎝

⎛�
∑ 𝑐𝑖𝑗 �

𝜕𝐴𝑖𝑗
𝜕𝛽 �

′

𝑖

∑ 𝑝𝑖𝑗𝑖

𝐽

𝑗=1

𝑠𝑗

⎠

⎞
𝐽

𝑗=1

𝑣𝑎𝑟(𝛽)��
∑ 𝑐𝑖𝑗

𝜕𝐴𝑖𝑗
𝜕𝛽𝑖

∑ 𝑝𝑖𝑗𝑖
𝑠𝑗

𝐽

𝑗=1

�           (2) 

To implement the variance of the delay-adjusted age adjusted rate, the second term in equation (2) 
requires a large amount of information and calculation.   To simplify the calculation, we use the first 
term as an approximation:  
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A numerical study was conducted using the SEER*Stat to compare the variances (2) and (3).   Across 
different cancer sites,  registries, races, gender, and reporting year,  for a total of 7894 models,   the 
result show that the ratio of the standard error calculated from approximation (3) and  from exact 
variance (2) ranges between (0.9834, 1.0066). It indicates that the approximation variance (3) tends to 
be very close to the exact variance (2).    
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