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Impressive coverage by media and social 
networks, often reporting the wrong 
message  

• « The bad luck of cancer » 
Science


• « Most cancers arise from bad 
luck » Scientific American


• « Cancer random’s assault»  
The New York Times 


• « But 2/3 of the time a person 
gets #cancer due to bad 
luck » twit
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Number of stem cell divisions
• Model:


• Estimation: s and d found in the literature for 25 different tissues



Correlation = 0.81, hence the proportion of the variation in risk 
across tissues explained by cell divisions is R2 = 0.66

Tomasetti, Science 15

The famous 2/3



Sensitivity analysis

Correlation did not change 


• after modifying s, d and 
risk values 


• considering risk data for 
68 countries

Tomasetti, Science 17



Are 2/3 of cancers due to intrinsic 
unavoidable factors?

No, because


• By comparing the risk and number of cellular divisions of different tissues only 
an ecological correlation can be derived:                                                 
« cancer cases » is not the same as « cancer types »!


• Such correlation cannot be interpreted as the fraction of risk attributable to 
intrinsic factors.


Primary prevention should not be be questioned:


• the observed correlation is not in contradiction with established findings about 
the preventability of a many cancers…




Thought experiment

Wu, Nature 16



A more realistic scenario

Perduca et al, Eur J Epidemiol 19



Partitioning etiological 
determinants
• Implicit in the interpretation that 2/3 of cancers 

cases are due to intrinsic factors is that the 
remaining 1/3 is due to extrinsic (genetic, 
environmental) factors.


• This is wrong, because relative effects of the 
determinants of a disease do not add up to 1.


• For instance, environmental factors could have an 
indirect effect on cancer risk that is mediated by 
the number of cellular divisions.



Classification of tumors

Tomasetti, Science 15

• Tomasetti’s Extra Risk Score:


ERS=log(CR)*log(LSCD)


• Clustering of cancers based on the 
ERS:


1. Extrinsic or Deterministic 
(environment,   genetics):    
ERS > 0


2. Intrinsic or Replicative (cellular 
divisions):  ERS < 0


• 2/3 of cancers are classified as 
intrinsic



A more reasonable proposal
Classify as intrinsic those well predicted by cell divisions:

Perduca et al, Eur J Epidemiol 19



Refining the notion of bad luck in 
cancer
• We saw that the correlation between number of cell 

divisions and cancer risk is not a good measure of the 
importance of intrinsic mechanisms, and therefore bad 
luck, in cancer.


• The proportions of driver mutations due to intrinsic 
replicative mechanisms (R) and extrinsically factors 
(genetic H or environmental E) are more promising to 
investigate the role of chance. 


• Warning: again, it could be that driver mutations are 
largely due to R factors (bad luck) and yet a large fraction 
of cases is still preventable.



Mutations due to R and preventable 
cases
Thought experiment A:


• 3 driver mutations required for 
cancer


• Proportion of mutations due to R 
= 24/60 = 0.4


• Proportion of mutations due to E 
= 36/60 = 0.6


• Proportion of preventable cases 
= 18/20 = 0.9

Tomasetti, Science 17



Proportions of driver mutations 
due to R, E and H
Tomasetti, Science 17: Mathematical model relating these proportions to


1. Epidemiological data (prevalence and RR) 


2. Total number of mutations in unexposed samples (R) and in 
exposed samples (E and H)


The latter can be estimated from sequencing data.


Importantly, if follows from the model that the proportion of mutations due 
to E is always less than the fraction of risk attributable to extrinsic 
factors.


• Mesothelioma: PE = 0.67, PR = 0.33 and PAR = 0.89. 



Tomasetti, Science 17



Data driven estimates
S. Wu et al. suggested to estimate the 
proportions of driver mutations using 
mutational signatures


• these are mutational patterns in  
cancer genomes left by exposures


• the intensity of mutational signature 1 
correlates with age


• this should be an estimate of the 
proportion of driver mutations due to R


• results are different from Tomasetti’s!! 


Wu et al., Nature 16



Extrinsic mutations are more predictive of cancer risk than 
cellular divisions

Perduca et al, Eur J Epidemiol 19

Correlation with risk Mutation 
rates

Cellular 
divisions

Smokers 0.93* -0.65

Former smokers 0.91* -0.58



Conclusions
• Extra care is needed when communicating results about variation 

and probabilities.


• Importance of primary prevention.


• Current models for measuring intrinsic and extrinsic factors are not 
satisfactory:


• Mutations are not sufficient for cancer: they must be 
accompanied by other dysfunctions (eg in the immune 
system).


• Epigenetics not taken into account.


• G, E are most likely not independent of R.




