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Online resource 5: Description of methods for lung cancer incidence and mortality 

projections 

 

Methods not incorporating data on smoking or tobacco consumption 

APC models 

An APC model is defined as a 3-factor model including age, period and cohort components 

under the framework of a GLM. The observed incidence or mortality rate is a log-linear 

function of the age effect, period effect and cohort effect, and follows a Poisson distribution. 

A well-known non-identifiability problem occurs due to the linear relationship between age, 

period and cohort.1 Several solutions for this issue have been developed, including the 

application of constraints or polynomial functions for the parameters.2-8 APC models can be 

modified to different model formats, such as choosing the log-link or power-link, and 

projections can be implemented using more complex techniques, such as a Bayesian 

approach9 or a Generalised Additive Model (GAM),10 which require more complex 

programming than traditional APC models and more detailed specification of priors. 

Detailed reviews and comparisons of APC models are well documented in the published 

literature.5,8 One of the ways to avoid the non-identifiability problem is to exclude one of 

the two linear effects of period or cohort in the model, however, for the purposes of our 

review such models are not considered to be full APC models, and are described in the next 

section. 

 

An example of an APC model with the log-link function can be expressed as: 𝑅𝑅𝑎𝑎𝑎𝑎 = 𝑒𝑒𝑒𝑒𝑒𝑒�𝛽𝛽𝑎𝑎𝐴𝐴𝐴𝐴𝑒𝑒𝑎𝑎 + 𝛽𝛽𝑎𝑎𝑃𝑃𝑒𝑒𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑎𝑎 + 𝛽𝛽𝑐𝑐𝐶𝐶𝑃𝑃ℎ𝑃𝑃𝑃𝑃𝑜𝑜𝑐𝑐� 

 

or an APC model with the power-link function can be expressed as: 
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𝑅𝑅𝑎𝑎𝑎𝑎 = �𝛽𝛽𝑎𝑎𝐴𝐴𝐴𝐴𝑒𝑒𝑎𝑎 + 𝛽𝛽𝑎𝑎𝑃𝑃𝑒𝑒𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑎𝑎 + 𝛽𝛽𝑐𝑐𝐶𝐶𝑃𝑃ℎ𝑃𝑃𝑃𝑃𝑜𝑜𝑐𝑐�5 

where 𝑅𝑅𝑎𝑎𝑎𝑎 is the rate for age group a in calendar period p, 𝐴𝐴𝐴𝐴𝑒𝑒𝑎𝑎 is the age component for 

age group a, 𝛽𝛽𝑎𝑎 is the coefficient of age group a, 𝛽𝛽𝑎𝑎 is the non-linear coefficient of period p, 

and 𝛽𝛽𝑐𝑐 is the non-linear coefficient of birth cohort c.  

 

Other GLMs 

To be distinguished from APC models, other GLMs were defined as linear or log-linear 

models based on selected age, period and cohort components (i.e. they do not include all 

three age, period and cohort components in the same model) assuming a Poisson or 

negative binomial distribution. These models do not suffer the non-identifiability problem, 

and therefore can be implemented in standard statistical software packages. Aside from age, 

period or cohort components, these models can include other covariates and can be 

classified as either: a simple linear model,11 a log-linear model12 or a non-linear model.13  

 

An example of a log-linear model based on age and period components can be expressed as: 𝑅𝑅𝑎𝑎𝑎𝑎 = 𝑒𝑒𝑒𝑒𝑒𝑒�𝛽𝛽𝑎𝑎𝐴𝐴𝐴𝐴𝑒𝑒𝑎𝑎 + 𝛽𝛽𝑎𝑎𝑃𝑃𝑒𝑒𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑎𝑎� 
where 𝑅𝑅𝑎𝑎𝑎𝑎 is the rate for age group a in calendar period p, 𝛽𝛽𝑎𝑎 is the coefficient of age group 

a, 𝛽𝛽𝑎𝑎 is the coefficient of period p. 

 

or a log-linear model based on age and cohort components can be written as: 𝑅𝑅𝑎𝑎𝑐𝑐 = 𝑒𝑒𝑒𝑒𝑒𝑒(𝛽𝛽𝑎𝑎𝐴𝐴𝐴𝐴𝑒𝑒𝑎𝑎 + 𝛽𝛽𝑐𝑐𝐶𝐶𝑃𝑃ℎ𝑃𝑃𝑃𝑃𝑜𝑜𝑐𝑐) 
where 𝑅𝑅𝑎𝑎𝑐𝑐 is the rate for age group a in cohort c, 𝛽𝛽𝑐𝑐 is the coefficient of cohort c. 

 

Present state method 
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This method provides a natural baseline projection by assuming that the average cancer 

rate for the most recent years will remain constant into the future, or assuming that the 

annual percentage change in cancer rate observed in the most recent years will remain 

constant into the future. This method does not involve period or cohort components and 

can be written as: 

𝑅𝑅𝑎𝑎 =� 𝑅𝑅𝑎𝑎𝑎𝑎𝑗𝑗𝑎𝑎=𝑖𝑖 𝑛𝑛�  

where 𝑅𝑅𝑎𝑎 is the rate for age group a, 𝑅𝑅𝑎𝑎𝑎𝑎 is the rate for age group a in period p with p in the 

selected recent interval 𝑃𝑃 to 𝑗𝑗 years, and 𝑛𝑛 =𝑗𝑗-𝑃𝑃+1 is the number of years in this interval. 

 

Methods incorporating data on smoking or tobacco consumption 

GLM with a smoking variable as one of the covariates 

This group of methods directly use GLMs with a variable for smoking or tobacco 

consumption as one of the covariates but they do not require APC modelling techniques. 

Different measurements of smoking behaviour can be used, including the number of years 

smoked, smoking prevalence, smoking intensity and number of cigarettes smoked. An 

example of a log-linear model incorporating data on smoking can be expressed as: 𝑅𝑅𝑎𝑎𝑎𝑎 = 𝑒𝑒𝑒𝑒𝑒𝑒�𝛽𝛽𝑎𝑎𝐴𝐴𝐴𝐴𝑒𝑒𝑎𝑎 + 𝛽𝛽𝑐𝑐𝐶𝐶𝑃𝑃ℎ𝑃𝑃𝑃𝑃𝑜𝑜𝑐𝑐 + 𝛽𝛽𝑠𝑠𝑆𝑆𝑎𝑎� 

where 𝑅𝑅𝑎𝑎𝑎𝑎 is the rate for age group a in period p, 𝐴𝐴𝐴𝐴𝑒𝑒𝑎𝑎 is the age group a, 𝛽𝛽𝑎𝑎 is the 

coefficient of age group a, 𝛽𝛽𝑐𝑐 is the coefficient of cohort c. 𝑆𝑆𝑎𝑎 denotes a period-dependent 

smoking-related variable, and 𝛽𝛽𝑠𝑠 is its coefficient for period p. 

 

APC models including an effect for smoking 
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Some methods that incorporate smoking effects use an APC model, but use pre-defined 

coefficients based on recent trends in tobacco prevalence and the tar yield of cigarettes to 

multiply the last estimated period value from an APC model to obtain the future period 

parameters.14,15  

 

For example, 𝛽𝛽𝑎𝑎 is the period parameter in the original APC model: 

  𝑅𝑅𝑎𝑎𝑎𝑎 = 𝑒𝑒𝑒𝑒𝑒𝑒�𝛽𝛽𝑎𝑎𝐴𝐴𝐴𝐴𝑒𝑒𝑎𝑎 + 𝛽𝛽𝑎𝑎𝑃𝑃𝑒𝑒𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑎𝑎 + 𝛽𝛽𝑐𝑐𝐶𝐶𝑃𝑃ℎ𝑃𝑃𝑃𝑃𝑜𝑜𝑐𝑐� 
which will then be modified to 𝛽𝛽𝑥𝑥𝛽𝛽𝑎𝑎, where 𝛽𝛽𝑥𝑥 is the pre-defined coefficient based on 

recent trends in tobacco prevalence and the tar yield of cigarettes. 

 

Projections adjusted for the SAF 

This method involves two analyses. First, the SAF is estimated, with the SAF being defined as 

the percentage of cancer deaths attributable to smoking.16,17 Then, projected age-adjusted 

cancer rates based on past trends are multiplied by the respective SAF. The relative risk (RR) 

of death for current or former smokers was generally estimated from an available 

population-based cohort study, such as the American Cancer Society’s Cancer Prevention 

Study II (ACS CPS-II).16,17 The SAF can be estimated by: 

𝑆𝑆𝐴𝐴𝑆𝑆 = 𝑒𝑒(𝑅𝑅𝑅𝑅 − 1)
(𝑒𝑒(𝑅𝑅𝑅𝑅 − 1) + 1) 

where 𝑒𝑒 is the proportion of the population that is exposed to smoking, and 𝑅𝑅𝑅𝑅 is the 

relative risk for cancer death for smokers versus non-smokers. 

 

Other methods incorporating data on smoking or tobacco consumption 
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This group includes methods that do not involve detailed historical cancer data or data on 

smoking patterns, where projections were mainly based on aggregated information. For 

example, existing incidence and mortality rates were adjusted by risk ratios (such as relative 

risks) estimated from the literature for smokers and quitters relative to never smokers.18 A 

simple correlation model was described by Pierce and colleagues to provide broad estimates 

that indicate the directions of future lung cancer trends for countries where detailed data 

are not available.19 
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