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In population-based registries, the individual causes of death remain unknown or the accuracy of 
this information is low. For this reason, relative survival (RS) models are now considered the 
standard for analyzing registry-based studies. Indeed, the RS methodology permits separating the 
effects of prognostic factors on natural mortality from their effects on disease specific mortality. 
 
Yet, popular relative survival models often rely on important assumptions, which may not hold 
in real life data. My talk will focus on two such assumptions:  
1) the effects of covariates on disease-specific mortality conform to the proportional hazards 
hypothesis (PH), 
2) the logarithm of the hazard increases linearly with increasing values of continuous covariates 
(log-linearity hypothesis, LH) 
Accurate assessment of the effects of continuous prognostic factors requires flexible modeling of 
both time-dependent (i.e. non-PH) and non-linear effects. To meet this objective, we have 
developed a flexible generalization of the Estève et al’s additive relative survival model [1], 
similar to the flexible crude survival model proposed by Abrahamowicz & MacKenzie [2], 
which extends the well known Cox’s model. The Estève et al’s relative survival model models 
the observed (all-causes) mortality hazard as  
 

λt (t,z,a)= λe (t+a,zs)+ λc (t,z)     (1) 
 
where λe (t+a,zs) is the expected hazard function for all-causes mortality in the underlying 
general population, and λc (t,z) is the hazard of disease-specific mortality, conditional on the 
covariate vector z and age a. In our model, we assumed that the effect of a continuous covariate 
zj on the logarithm of the disease-specific hazard in (1) is described by the product of the time-
dependent βj(t) and the non-linear αj(zj) effect. Accordingly, we propose the following model for 
λc (t,z):  
 

λc (t,z) = exp[γ (t)]* exp {Σαj(zj) * βj(t)}   (2) 
 
where βj(t) and αj(zj), as well as the baseline log-hazard γ (t), are all modeled by low-dimension 
cubic (un-penalized) regression B-splines. In this presentation, I will first present briefly the 
general concepts of relative survival and the model of Estève et al. Then, I will introduce our 
new model (2), outline the estimation procedure, and describe model’s validation by simulations. 
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