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Abstract  
 
Analysis of survival data post-diagnosis is a popular instrument in cancer studies. However, age at 
diagnosis, the point of origin of the survival time, is itself a random variable on the scale of cancer 
initiation and progression process that is latent before cancer is detected. When a population is 
subject to cancer screening, the point of diagnosis, observed disease severity at diagnosis, and the 
survival time all vary with screening even under the null hypothesis of no benefit of screening to 
cancer mortality. As a result, survival is subject to length and lead-time bias, and there is a shift of 
the distribution of disease stage towards earlier stages under screen-based diagnosis. Also, subjects 
who would never be detected with cancer in the absence of screening contribute to inflated cure 
rates in the screened population because they never die from the disease (overdiagnosis). The 
problem bares features of causal inference because we can observe patient’s survival either under 
screening diagnosis or under symptomatic diagnosis, but not both. The counterfactual question is 
“Would unobserved survival from cancer initiation (or cancer mortality) for the screen-detected 
subject be any different if we did not screen and let cancer be detected by symptoms later, 
potentially in a more advanced state? ” Implicit in this question is whether cancer progression from 
an earlier screen-detectable state to later clinically (symptom) detectable state is altered by early 
treatment and whether there is any additional treatment benefit beyond slowing progression. We 
provide a statistical modeling approach to address these questions and apply it to prostate cancer. 
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