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ETIOLOGY OF CANCER 

 The etiology of cancer is complex and 
multifactorial 

 

 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 “environment”) 
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Epidemiologia genetica 

 Studi di popolazione che hanno 
come obiettivo identificare il 
contributo della componente 
genetica  (suscettibilità genetica) 
nelle malattie complesse, con 
enfasi particolare all’interazione 
con l’ambiente 

 ‘The sequencing of the human 
genome offers the greatest 
opportunity for epidemiology 
since John Snow discovered the 
Broad Street pump’-Sphilberg et 
al, 1997 



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

 

 Gene - disease association 

 Gene - gene interactions 

 Gene - environment interactions  

‘The systematic application of 
epidemiologic methods and 
approaches in population‐based 
studies to assess the impact of 
human genetic variation on health 
and disease’ 
  Khoury et al,  2010 
 



 85,996  papers    
 12,491 genes  

 2755 health outcomes/diseases 

 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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• 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. 

• 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 
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Mutazioni 
-oncogeni/oncosoppressori 

(BRCA, p53, 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. 



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

 

 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 
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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 

‘Epidemiology an introduction’, 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)  



Es: Oral Cancer, F alcohol 

Rothman’ handouts, 2013 

•If F is completely removed, we prevent 70% of cases 



Es: Oral cancer, B smoke 

•If B is completely removed, we prevent 60% of cases 
 
•Interaction between component causes: 30% of cases among oral cancer 
smoke and drink.  
 

Rothman’ handouts, 2013 



 
INTERPLAY OF FACTORS 

 There are particular patterns of gene alterations 
and environmental exposures that make people 
both more susceptible or more resistant to cancer. 

  

 One of the challenging areas of research today is 
trying to identify the unique combinations of these 
factors that explain why one person will develop 
cancer and another will not.  
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GENE-ENVIRONMENT INTERACTION 

 G*E occurs when a genetic and environment 
exposure work together to cause a disease 
outcome in some or all cases. 

 Studies of G*E interactions aim to describe how 
genetic and environmental factors jointly 
influence the risk of developing a human disease. 

 The idea is that if the joint effect for two 
exposure is greater than the product of the 
individual effects then interaction is present 

 

 

20 



21 



GENE-ENVIRONMENT INTERACTION 

 Evidence of a GE interaction influencing cancer susceptibility 
is important: 

 provide insights into cancer aetiology  

 help explain distributions of disease in populations 

 clarify dose–response relationships between genetic or 
environmental factors and risk of disease 

 evaluate low levels of risk  

 identify population subgroups with greatest cancer 
susceptibility and potential to benefit from interventions  

 provide clues to potentially effective cancer prevention, 
intervention and treatment strategies. 
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Environment 

Genotype Disease 

Environment alters gene/disease association 

E 

Gene F 

B 
U Several Mechanistic Possibilities 



Environment 

Genotype Disease 

Genotype alters environment-disease 
association 

E 

Gene F 

B 
U 

Es. ALDH2 and esophageal cancer 
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Environment 

Genotype Disease 

Genotype enhances the effect of 
the environmental factor 

E 

Gene F 

B 
U 



Papers investigating  
gene-gene interactions 

July 2009 
http://hugenavigator.net/   

Papers investigating 
gene-environment interactions 



GENE-ENVIRONMENT INTERACTION 

 Studies of G*E interactions necessitate large numbers 

 From G*E interaction in candidate gene-association 
studies to GWAS*E interaction studies 

 When assessing G*E interaction in a single study, a major 
problem is the lack of power, especially when the main 
effect of the gene polymorphism is small  
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 Prevalence disease (X): 10%.  

 Locus (G), recessive model, prevalence of the ‘risk’ allele 
= 0.6 and with relative risk for a/a carriers, compared to 
normals = 2.0 (RRg).  

 The odds of X are 1.5 times higher for an exposed subject 
compared to an unexposed subject (RRe=1.5). 

 Desired power = 80%, significance level = 0.05 
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Rge N (case-control pairs) 

1.8 865 

2 624 

2.6 331 

3 252 

EXAMPLE 

Quanto - latest version 1.2.4, May 2009 



For small sample size a good 
solution is to 

have Meta-analysis 
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Burgio MR Jr, Ioannidis JP, Kaminski BM, Derycke E, Rogers S, Khoury MJ, 
Seminara D. Collaborative Cancer Epidemiology in the 21st Century: the Model 
of Cancer Consortia.  
Cancer Epidemiol Biomarkers Prev. 2013 Sep 19. [Epub ahead of print] 
 

 
48 Consortia Worldwide 

…or join efforts into 
consortia for sharing and 

pooling data 

http://www.ncbi.nlm.nih.gov/pubmed?term=Burgio MR Jr[Author]&cauthor=true&cauthor_uid=24045926
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 There are only few notably replicated and widely agreed-
upon examples of successes that will be illustrated 

 Publication bias, small sample sizes and marginal 
associations affects the literature 

 As example, 75% papers on breast cancer published until 
2011 reporting signifcant G*E  are false positive 
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Critical Issues 
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Three Examples 

 Gene and Diet Interaction on Gastric Cancer 
Susceptibility 

 

 Gene and Alcohol Interaction on Esophageal 
Cancer (and Head and Neck) Susceptibility 

 

 Gene and Smoking Interaction on Bladder Cancer 
Susceptibility 



Three Examples 

 Gene and Diet Interaction on Gastric Cancer 
Susceptibility 

 

 Gene and Alcohol Interaction on Esophageal 
Cancer (and Head and Neck) Susceptibility 

 

 Gene and Smoking Interaction on Bladder 
Cancer Susceptibility 
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Estimated number of new cancer cases 
(x1000), 2008. Men 

Boffetta P, Boccia S, La Vecchia C. A quick guide to cancer Epidemiology, 
Springer Eds. 2014, in press 
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Estimated number of new cancer cases 
(x1000), 2008. Woman 

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



Background  

 Gastric cancer (GC) is the 5th most common type of 
cancer, second only to lung as cause of death 

 

 Main risk factors (some differences among cardia/non-
cardia GC) 

 Helicobacter pylori infection (CagA+) 

 Food preservation 

 Total, red and processed meat intake 

 Smoking status 

 

 Weak evidences from prospective studies on fruit and 
vegetables, folate and contrasting for alcohol 

Boccia S, La Vecchia C. Eur J Cancer Prev, 2013 



5-10, methylentetraydroflate  
reductase (MTHFR) and folate 

alcohol 
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DHF: dihydrofolate; THF: Tetrahydrofolate; SAM: S-Adenosylmethionine; dUMP: deoxyuridine Monophosphate;
dTMP: deoxythymidine  Monophosphate

C677T (A222V)
A1298C (E429A)

D919G

alcohol 

smoking? 

Hung et al, Carcinogenesis, 2007 



MTHFR- SNPs  

 5 have been described among them 2 

  C     T in exon4 (Ala222Val) 

  677 TT individuals have 30% of the CC enzyme 
activity (TC 65%)  

  677 TT also have low plasma folate levels and DNA 
hypomethylation 

 

  A     C in exon7 (Glu429Ala) 

  1298 CC individuals have 60% of the AA enzyme 
activity 

 

Frosst at el,Nat Gen,1995;Weisberg et al,Mol Genet Metab,1998;Friso et al,PNAS, 2002 



MTHFR- Population frequencies 

  MTHFR 677 TT pooled homozygosity 

  Caucasians 30% 

  Asians 16% 

 

 MTHFR 1298 CC pooled homozygosity 

  Caucasians 10% 

  Asians 4% 

 

Botto et al, Am J Epidemiol, 2000 
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Results-  
Stratified pooled-analysis 

MTHFR 677 TT vs CC 

Public Health Impact: 
A proper evaluation of the clinical utility of MTHFR C677T testing for identifying GC 
susceptibility among populations with folate deficiency, as well as the introduction 
of specific folate supplementation are warranted. 
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Twelve meta-analyses and one pooled-analysis of 

community based genetic association studies were included 

 Inflammation (IL-1β, IL-1RN, IL-8) 

 Detoxification of carcinogens (GSTs, CYP2E1) 

 Folate metabolism (MTHFR) 

 Intercellular adhesion (E-cadherin)  

 Cell cycle regulation (p53). 
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Stratified pooled analyses 

45 

Current Genomics, 2008 



Three Examples 

 Gene and Diet Interaction on Gastric Cancer 
Susceptibility 

 

 Gene and Alcohol Interaction on Esophageal 
Cancer (and Head and Neck) Susceptibility 

 

 Gene and Smoking Interaction on Bladder Cancer 
Susceptibility 
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Estimated number of new cancer cases 
(x1000), 2008. Men 

Boffetta P, Boccia S, La Vecchia C. A quick guide to cancer Epidemiology, 
Springer Eds. 2014, in press 
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Estimated number of new cancer cases 
(x1000), 2008. Woman 

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



 Two types of esophageal cancer:  

 1) squamous cell carcinoma, SqCC (cancer that begins in flat 
cells lining the esophagus)  

 2) adenocarcinoma (cancer that begins in cells that make 

and release mucus and other fluids).  

 Tobacco smoking and alcohol drinking are the major 
risk factors for esophageal SqCC 

 Evidence that ALDH2 Deficiency Increases the Risk of 
Alcohol-Related Squamous Cell Esophageal Cancer  

    (Harada 1981, Yoshida 1984, Yokoyama 1986 &  2003, Baan 2007) 
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ALDH2, Alcohol and Esophageal Cancer 

 36% of East Asians shows a particular response to 
drinking alcohol that includes facial flushing, 
nausea and tachycardia 

 The alcohol flushing response is mainly due to an 
inherited deficiency in the enzyme aldehyde 
dehydrogenase 2 (ALDH2) 

 ALDH2-deficinet individual are at much higher risk 
of esophageal SqCC from alcohol consumption 
than individuals with fully active ALDH2 
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Alcohol consumed by ALDH2- deficient individuals is 
metabolized to acetaldehyde, which accumulates in 
the body due to absent ALDH2 activity and results in facial 
flushing nausea, and tachycardia (histamine release) 

ALDH2, Alcohol and Esophageal Cancer 



 Because of the intensity of this unpleasant 
response, ALDH2 Lys/Lys are unable to consume 
alcohol. As a result, they are protected against 
the increased risk of esophageal cancer from 
alcohol consumption 

 ALDH2 Lys/Glu heterozygotes experience a less 
severe manifestation of the flushing response 
due to residual but low ALDH2 enzyme activity 
in their cells. 

 As a result, some are able to develop tolerance 
to acetaldehyde and the flushing response and 
can become habitual drinkers  high risk of 
cancer (their level of acetaldheyde is 5-fold 
higher) 
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«Doctors should counsel their ALDH2-deficient patient to limit alcohol consumption 
and thereby reduce te risk of developing esophageal cancer» Brooks et al, 2009 
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Three Examples 

 Gene and Diet Interaction on Gastric Cancer 
Susceptibility 

 

 Gene and Alcohol Interaction on Esophageal 
Cancer (and Head and Neck) Susceptibility 

 

 Gene and Smoking Interaction on Bladder Cancer 
Susceptibility 
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Estimated number of new cancer cases 
(x1000), 2008. Men 

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



BLADDER CANCER 

 It is a smoking-related disease that occurs most 
frequently in males living in industrialized 
countries 

 382660 new cases were diagnosed worldwide in 
2008 (GLOBOCAN) 

 Bladder cancer has high morbidity and 
represents an important public health problem 
as most cancers present as "superficial" tumors 
that recur frequently and require regular follow-
up screening and intervention 
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 Association between bladder cancer risk with SNPs in 
two carcinogen detoxification genes, NAT2 slow 
acetylation and GSTM1 null genotype 

 Although the relative risks for polymorphisms in NAT2 
and GSTM1 genes are modest, they could account for a 
large percentage of bladder cancer cases because of 
their high prevalence in the population (31% CI95% 
20-46%) 

 Interaction between NAT2 acetylation and smoking in 
bladder cancer. Subjects with the slow NAT2 acetylation 
genotype have a higher relative risk from smoking than 
those with the rapid/intermediate acetylation genotypes 
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NAT2 and Smoking 
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NAT2 and Smoking 



The main goal of primary prevention of cancer is to 

reduce the incidence through the reduction of 

exposure to risk factors for cancer at population 

level. Where feasible, primary prevention 

programmes are demonstrated to be largely cost-

effective, i.e. the reduction of the burden of 

disease is achieved with a reasonable money 

investment, while this is not always the case for 

secondary prevention programmes 
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Primary Prevention of Cancer-I 



The attribution of causality to specific agents is complicated 
by their interactive effects. This is particularly relevant when 
considering the relative effectiveness of removing (or 
reducing) exposure to one of two (or more) jointly-acting 
agents. Whenever a positive interaction (synergism) occurs 
between two (or more) hazardous exposures, there is an 
enlarged possibility of preventive action; the effect of the 
joint exposure can be attacked in two (or more) ways, each 
requiring the removal or reduction of one of the exposures; 
moreover, the larger the size of the interaction relative to the 
total effect, the more these ways of attack tend to become 
equal in effectiveness. 
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Primary Prevention of Cancer-II 



CONCLUSIONS 

 There are individuals who are at very high 
cancer risk because of their increased genetic 
susceptibility in response to a given exposure 

 Motivational interventions might enable subjects 
to quit smoking, or reduce alcohol consumption, 
or adopt dietary changes (or avoid occupational 
exposures) on a voluntary basis 

 Chemoprevention programmes directed to high-
risk individuals might be an alternative though 
their effectiveness should be demonstrated  
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