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The problem: missing vital status or follow-up time

 Complete vital status data is 
essential in cancer registries

 Not always possible due to 
missing or incorrect linkage

 “missed deaths” / “immortal” 
subjects stick around in the 
cancer registry, even if the 
situation has improved

 How do we handle these 
cases properly?



Potential solutions
 Ignore it
 exclude
 “simulation” / Single 

imputation
 Multiple imputation
 ...



Application to incidence of contralateral breast cancer: 
update previous analysis - 10 years later

Cantons of Zurich and Zug: 
 1.7M inhabitants, 
 20% of Swiss population, 
 cancer registry since 1980 

(Zug 2011)



Methods

Method details
Naive (NI) (no change to person-years or vital status)

Single 
imputation (SI)

Follow-up time “simulated” 1x with average hazard rate of 
0.0591 per year (based on Swiss-wide data for breast cancer)

Multiple 
Imputation (MI)

Imputed 25 times using [...], analyzed and estimated incidence 
rates pooled

A ~ age group + incidence period + morphology + baseline hazard

B ~ age + age2 + incidence year + incidence year2 + morphology

C ~ age + incidence year + morphology

N = 24,612 (n = 1264 [5%] were lost to follow-up)
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Results



Conclusions

 CBC incidence continues to decline
 Different approaches to handle missing follow-up time or vital status 

gave similar results, but:
 SI results were always lower with narrower confidence intervals
 MI results were similar to naive approach, but had slightly wider 

confidence intervals
 Multiple imputation enables inclusion of all cancer registry subjects
 MI can also handle missing covariates
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