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ETIOLOGY OF CANCER  

Ç The etiology of cancer is complex and 
multifactorial  

 

Ç It is caused by multiple factors (dietary and 
lifestyle habits, genetic predisposition)  

  

GENE AND ENVIRONMENT  

 

(Scientists refer to everything outside the body that interacts with 
humans as the ñenvironmentò) 

 

 2 



Epidemiologia genetica  

Ç Studi  di  popolazione  che  hanno  
come  obiettivo  identificare  il  
contributo  della  componente  
genetica   (suscettibilità  genetica)  
nelle  malattie  complesse,  con  
enfasi  particolare  allôinterazione 
con  lôambiente 

Ç óThe sequencing  of  the  human  
genome  offers  the  greatest  
opportunity  for  epidemiology  
since  John  Snow  discovered  the  
Broad  Street  pumpô-Sphilberg  et  
al,  1997  



HuGE  problem:  
Around 30,000 genes, 
their combinations and  
interactions with risk 
factors  

 

Ç Gene -  disease association  

Ç Gene -  gene interactions  

Ç Gene -  environment interactions   

óThe systematic  application  of  
epidemiologic  methods  and  
approaches  in  population Ȥbased  
studies  to  assess  the  impact  of  
human  genetic  variation  on  health  
and  diseaseô 
  Khoury  et  al,   2010  
 



ü 85,996  papers    
ü 12,491 genes   

ü 2755 health outcomes/diseases  

ü 2490  GWA studies  

Nov 2013  
http://hugenavigator.net/  

Genome Epidemiology Papers  



 COORTE  



 Misura di effetto - RR/HR  



 CASO - CONTROLLO  



 Misura di effetto - OR 
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Å A number  of  inherited  mutations  of  a high -penetrance  
cancer  gene  increase  dramatically  the  risk  of  some  
neoplasms . However,  these  are  rare  conditions  in  most  
populations  and  the  number  of  cases  attributable  to  them  
is rather  small .  

Å A true  genetic  component  exists  for  most  human  cancers . 
This  takes  the  forms  of  an  increased  susceptibility  to  
endogenous  and  exogenous  carcinogens . The effect  on  
cancer  risk  of  common  genetic  variants   with  a small  to  
moderate  risk  of  cancer  (approximately  two - fold)  
responsible  for  such  susceptibility  has  been  extensively  
studied  in  the  past  two  decades  within  genetic  association  
studies .  

Genetic Factors of Cancer  

Boffetta  P, Boccia S, La Vecchia C. A quick  guide to cancer  Epidemiology , 
Springer Eds . 2014, in press  



ENDOGENO  
(geni)   

ESOGENO  
(ambiente)   

ESOGENO  

(ambiente)   

ENDOGENO  

(geni)   

ESOGENO  

(ambiente)   

ENDOGENO  

(geni)   

PENETRANZA  

FREQUENZA  

Mutazioni  
- oncogeni/oncosoppressori  

(BRCA,  p 53 , etc)  

PENETRANZA  

FREQUENZA  

  Polimorfismi (> 1 %) genetici di 

suscettibilità  
- Metab.canc. (GST, CYP, NAT, etc.), 

DNA repair (XRCC, etc.) e cancro  

Fattori di rischio  

Modified Izzotti  A. handouts  
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 Estimate of the proportion of cancers attributable to environmental risk factors in 
the UK (Doll R & Peto R, 2005 )  

Table 3. Estimate of the proportion of cancers attributable to major risk factors in the 

United Kingdom {Doll, 2005 #158} 

 

Risk factor Attributable proportion (%) Avoidable in 
practice (%) 

Best estimate Range of 
acceptable 
estimates 

Tobacco smoking 30 27-33 30 

Alcohol drinking 6 4-8 6* 

Ionizing radiation 5 4-6 <1 

Ultraviolet light 1 1 <1 

Infections 5 4-15 1 

Medical drugs <1 0-1 <1 

Occupation 2 1-5 <1 

Pollution 2 1-5 <1 

Diet and obesity 25 15-35 2 

Reproduction and other hormonal 
factors 

15 10-20 <1 

Physical inactivity <1 0-1 <1 

 

* Total avoidance of alcohol would increase overall mortality as the increase in 

cardiovascular mortality would exceed the reduction in cancer mortality. 



Ç The can  have  a large  population  impact  because  
the  relevant  polymorphism  may  be highly  
prelevant . 

 

Ç The attributable  risk  in  the  population  may  be 
large  when  the  variant  allele  frequency  is high  
even  if  the  associated  increase  or  decrease  in  
cancer  risk  is small .  
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Attributable Proportion of Cancer due 
to Genetics  



14 

Brennan, Carcinogenesis 2002  



THE COMPONENT CAUSES MODEL  

A cause  is  a  constellation  of  causal  components  that  
constitute  TOGETHER  A CAUSAL  MECHANISM,  or  
SUFFICIENT  CAUSE . 



CAUSAL PIES for a certain disease  

Sufficient cause I  Sufficient cause II  Sufficient cause III  

Where  G is  Gene  

�µ�(�S�L�G�H�P�L�R�O�R�J�\ an  �L�Q�W�U�R�G�X�F�W�L�R�Q�¶�� Rothman  KJ ;  Oxford  University  Press  2002   
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Where  G is  Gene,  responsible  for  20 %  of  the  cases  of  the  diseases  (namely  
those  occurring  through  the  sufficient  cause  III  path)   


