
Alcol e Tumori: 
Il Rischio in un Bicchiere

Gianni Testino

Dipartimento Medicina 
Specialistica

Ospedale San Martino Genova
Societa’ Italiana di Alcologia



Osservatorio Nazionale Alcol - ISS-CNESPS - World Health Organization Collaborating Centre 
for RESEARCH and HEALTH PROMOTION on ALCOHOL and ALCOHOL- RELATED    HEALTH  PROBLEMS

ALCOL socialmente più dannoso
delle  droghe



Moss M. and Burnham E. L., The Lancet 2006
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ALCOHOL

Fatty Liver Chronic Pancreatitis Parotid Hypertrophy Carcinogenesis*

Testino G. 
Hepatogasroenterology 2008

Alcohol Hepatitis/Fibrosis

Cirrhosis

Hepatocellular Carcinoma

Glossitis

Stomatitis

Gastro-Esophageal Reflux

Mallory-Weiss Syndrome

Chronic Gastritis

Erosive Hemorrhagic Gastritis

Delayed Gastric Emptyimg

Malabsorption

Reduce Transit Time

*Upper Aero-Digestive Tract, Colon, Rectum, Breast, Liver, Pancreas



Boffetta et al, Int J Cancer 2006

Alcohol-Attributable fraction (AF) of all cancer by sex and WHO subregion



IARC; Lancet Oncology, November 2009



Seitz and Stickel, Nature Rev. 2007



………..Corrao et al, Preventive Medicine 2004



Lancet, February 2006



Institute National du Cancer, www.e-cancer.fr, 2007

http://www.e-cancer.fr/�


Thygesen et al, Alcohol and Alcoholism 2009



IARC; Lancet Oncology, November 2009



D.W. Lachenmeier, Food and Chemical Toxicology 2008

D.W Lachenmeier et al, Addiction 2009



ALCOHOL AND CARCINOGENESIS

 Local Effect

 Acetaldehyde (ALDH isoenzymes polymorphism)

 Polymorphisms of ADH1B, ADH1C

 Induction of CYP2E1 (conversion of various
xenobiotics)

 Nutritional Deficiencies

 Interaction with Retinoids

 Changes in the degree of Methylation

 Immune Surveillance

Testino G, Hepatogastroenterol 2008





Adducts





Ahrendt et al, Cancer Research 2000



PREDISPOSITION TO ALCOHOLIC LIVER DISEASE

- Ethanol metabolism (ADHs, ALDHs, CYP2E1, Mitochondrial

Superoxide Dismutase, Myeloperoxidase)

- Cytokines of the inflammatory response (TNF alpha, TNF alpha
promoter polymorphisms, IL1, IL10,TNF-alpha-type-1 receptor,….)

- Polymorphisms in DNA repair genes (DNA ligase III, DNA
polymerase b, poly-ADB-ribose-polymerase….)

- Genes involved in estrogen synthesis and metabolism (CYP17,
CYP19, CYP1B1, catechol-0-methyltransferase)

- Polymorphisms in methylenetetrahydrofolate reductase

- GABA-ergic, dopaminergic, serotoninergic systems

- Components of immune systems (innate, adaptive)

Mutations and Polymorphism of genes

IARC, 2010



Institute National du Cancer, www.e-cancer.fr 2007

http://www.e-cancer.fr/�


Matsuda et al, Chem Res Toxicol 2006



ALCOHOL AND ORAL CANCER

Cytological alterations (reduction cytoplasmic area,abnormal DNA profile...)
- mucosal transport : intercellular passage
- mucosal transport : intracellular mechanisms

- - molecular

-- microlecular

endocytic

exocytic

pinocytosis

phagocytosis

Cowpe et al, 1988; Axford et al, 1999; Howie et al, 2001; 
Graham, 2005; Tramacere et al, Oral Oncology 2010



Lachenmeier and Monakhova, J Exp Cin Cancer Res 2011



Lachenmeier and Monakhova, J Exp Clin Cancer Res 2011



Effects of acute and chronic consumption on  esophageal motility

Parameter                      Acute effects                                              Chronic effects
(healthy humans )                                         (alcoholics) 

__________________________________________________________________________

Tonus of the lower
esophageal sphincter                     Decreased                                            Increased,normalization during abstinence
Tubullary contractions                  Decreased amplitudes and                    Increase in higher amplitudes and

propagation                                           simultaneous contraction
Increase in double- peaked and            Prolongation of each contraction,no
simultaneous contractions                     normalization during abstinence

Esophageal clerance                       Decreased                                             Decreased , normalization during abtinence
Number of refluxes                        Icreased                                                 No data

_____________________________________________________________________________________________



Franke et al, Dig Dis 2005



Franke et al, Dig Dis 2005



CARCINOGENESIS 
NUTRITIONAL FACTORS

Ethanol and Retinoid Metabolism

vitamin A and Retinoic Acid in the liver
( > catabolism by rthanol – induced CYP2E1) 

< in mitogen -activaded protein kinase (MAPK) 
> in levels of phosphorylated JNK

expression AP1 (JUN and FOS ) transcripttional complex

> cell hyperproliferation/ < apoptosis 

Liu et al, Gastroenterology 2001; Chung et al Carcinogenesis 2001;
Liu et al , Alcoholism Clin Exp Res 2002

- Ethanol and Altered Methyl Group Transfer





Alcohol
(homocysteine,SAM) 

Folate
(depletion) 

Selenium
(depletion) 

Alcohol
promoting -
(APC1, p 14 ,p 16 , h MLH1) 

Folate
p53/MTHFR
Polymorphism

Selenium
p53.p16

Phitoestrogens
(H-ras , OR binding?

Green Tea
reversal) 
(p 16 , MGMT,hMLH1) 

CARCINOGENESIS
Genome
Hypomethylation

oncogenes
Health

Phenotype
Age

CARCINOGENESIS
Gene Promoter
Hypermthylation



Fulcrum dependant on
presence or absence of 
pre-cancerous risk e.g.

ACF

MTHFR  genotype
Duration of exposure
Ageing
Folate Status

Promoting 
carcinogenesis

Global Hypomethylation or

Promoter Hypermethylation

Arasdaradnam et al, Epigenetics 2008



Most alcohol- induced disease increases 
in a linear fashion 

as intake increases; oral oesophagus,
breast and colon cancer fall into this 

pattern,  with no “safe level”of consumption 

Sheron et al, Gut 2008
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N291/R122H + smoking

N291/R122H

SPINK1/N34S (homozygous)/alcohol

PRSS1/Smoking/Alcohol

N34S + alcohol

N34S/CFTR

Alcohol 80 g/d

Without detectable risk

Strenght of genetic and environmental risk factors of chronic pancreatitis

100

1000

- Alcohol-Metabolizing/Detoxifying Genes (ADH2,
ADH3, CYP2E1 polimorphisms, Glutathione S-
transferase, ALDH2)

- Immune Response Genes (HLA patterns)

(*)

Dufour, Pancreas 2003; Teich, Med Sci Monit 2004; Keim, Scand J Surg 2005; Conwell 2008 



Distribution of pancreatic cancer cases and controls ,
Ors and corresponding 95% Cia by smoking and drinking habits , 

Italy 1991 - 2008

Drinking habits  ( drinks / week )b                                             Total

< 7 7- 20  > 21

Ca:Co            OR (95%CL)         Ca:Co        OR (95%CL)            Ca:Co          OR (95%CL)            OR(95%CL)   

Smoking habits
Never                47:133          1c                                                 54:119        1.68(1.00-2.82)               25:53             2.42(1.20-4.86)               1c

Former              19:40            1.09(0.53-2.21)             19:51          1.52(0.74-3.12)              41:76            2.67(1.38-5.17)                1.09(0.73-1.63

Current (cigarettes/days) 

<20                 12:24           1.65(0.71-3.85)           17:27        1.76(0.81-3.82)              22;24           4.15(1.87-8.18)            1.53(0.97-2.41  
>20                 11:8              3.33(1.08-10.23)          9:8           3.78(1.15-12.36)           21:27           4.29(1.93-9.56)             2.38(1.37-4.15
Total               1c 1.46(0.98-2.17)                                  2.53(1.58-4.07) 

a Estimates from conditional logistic regression conditioned on cente , sex and age , and adjusted
for year of interview ,education,historyof diabetes mellitus and body max index

b Former drinkers excluded 

c Reference category



Br J of Cancer, 2002
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... women who do not drink should not start,
and those who do drink should do so in moderation ,
which is generally recognized to be about a drink per day.
Alcohol intake is one of the few modifiable breast cancer

risk factors yet identified

Singletary and Gapstur, JAMA 2001













gr/die
12-20 women, 25-80 men

O’Shea, 2010

Odds of developing  cirrhosis or lesser degrees of liver disease 
Daily Alcohol Intake > 30 g/day

cirrhosis: 13.7;      lesser degrees: 23.6

Bellentani et al, 1997



HOST GENETIC
SUSCETIBILITY

NORMAL LIVER

LIVER STEATOSIS

STEATOHEPATITIS

CIRRHOSIS

HCC

60-100 %

20-40 %

8-20 %

20-40 %

4-5%

CO-MORBIDITIES

RISK FACTORS

Testino G, Sumberaz A 
Hepatogastroenterol, 2008







Alcol – HCV : Epidemiologia

8-55.5 % dei pazienti affetti da epatite cronica 
alcolica sono positivi per anticorpi anti-HCV

(Sata J Viral Hepat 1996; Kwon 2000 J Gastroenterol Hepatol; Ashwani J Clin
Gastroenterol 2007)

HCV-RNA positivo 4-82 %  (Befrits Scand J Gastroenterol 1995)

HCV –RNA  POSITIVO / EPATOPATIA   ALCOLICA : 40%

(Testino G et al, 2009)



HCV  REPLICATION 
AND  ALCOHOL

Increase in release of HCV  RNA from alcohol – damaged hepatocytes

Direct stimulatory effect of alcohol on HCV replication

Endotoxin activates NF – KB nuclear transcription

Upregulate cyclooxygenase-2 expression

Modulation of innate and acquired immune responses to HCV 

Synergistic induction of oxidative stress

Plumlee et al, Virology Journal 2005
Dey and Cederbaum, Hepatology 2006
Ashwani et al, J Clin Gastroenterol 2007 
Reuben A, Current Op Gastroent 2008
McCartney and Beard, WJG 2010
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Percentage of chronic hepatitis patients responding to 
interferon as a function of ethanol use 



McCartney and Beard, WJG 2010
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Steatosis > 30% 
Hepatocites

Alcohol Intake
>30 g in males
>20 g in females

Effect of the Interaction Between Steatosis and Alcohol Intake
on Liver Fibrosis Progression in Chronic Hepatitis C.

Serfaty L.: Am J Gastroenterology 2002



Necroinflammation

Fibrosis

Cirrhosis, n (%)

Alcohol and Alcoholism, 2006, 35: 286

Group A 

(N = 14)

Group B 

(N = 40)

Group C 

(N = 42)

Group D

(N = 24)

Group A, alcoholic liver disease; Group B, HCV only; Group C, HCV + <80 g/day of alcohol;
Group D, HCV+ > 80 g/Day of alcohol

a Significantly different by Student’s t-test. Necroinflammation: Groups B, C and D vs Group A, P
< 0.001; B vs C, D, ns; C vs D, ns. Fibrosis: Group A vs Group B, ns; A or B vs C, P<0,01; A, B
vs D, P < 0,01; C vs D, ns.

b Significantly different by Χ2 test. Risk of cirrhosis: Group A vs Group B, C or D, P < 0,001; B vs
C or D, P < 0,01. ns, not significant.

Histological grading of necroinflammation, staging of fibrosis, 
and risk of liver cirrhosis in patients with hepatitis C virus 

(HCV) infection and alcohol consumption

1,8 ± 0,7

2,9 ± 1,0

5 (8,4)

3,4 ± 1,6a

2,9 ± 0,9

10 (16,9)b

2,9 ± 1,3a

3,4 ± 1,0a

28 (47,5)b

3,1 ± 1,1a

3,6 ± 0,7a

16 (27,2)b

Parameter 



Westin et al, J Viral Hep 2002



Farazi et al, Nature 2006



Distribution of cases and controls and odds ratios and their 95% 
confidence intervals according to alcohol intake and the presence of HCV and HBV infection

Alcohol intake (g/day) 

HCV or HBV 
infection

0 - 60 > 60

Cases /control s     OR           95%Cl 
(no) 

Cases / control               OR                95%Cl 
(no) ±

Neither                   30 / 412                   Reference                                        157/ 335                    7.0                4.5, 11.1

HCV infection         95/ 21                         55.0              29.9, 10.0                 76/ 11                      109                50.9, 233.0

HBV infection         41 / 27                        22.8              12.1, 42.8                  51/ 17                     48.6               24.1, 98.0

Donato et al , 2002  



Donato et al., 2002



Interaction  

Variables

Interaction of Heavy Alcohol Consumption (> 80 mL ethanol/d) With 
Chronic Hepatitis Virus Infection (HBV or HCV) and Diabetes Mellitus: 

Logistic Regression Analysis With Adjusted OR

Virus             Alcohol

Negative       Negative

Positive        Negative

Negative       Positive

Positive        Positive

Diabetes       Alcohol

Negative       Negative

Positive        Negative

Negative       Positive

Positive        Positive

Hassan et al., 2002

β Coefficient ( ± SE) P OR (95% Cl) S (95% Cl)*

2.9 ( 0.79)

0.87 (0.32)

3.9 (1.04)

0.87 (0.33)

0.95 (0.34)

2.3 (0.69)

0.0001

0.006

0.0001

0.008

0.004

0.001

1

19.1 (4.1-89.1)

2.4 (1.3-4.4)

53.9 (7.0-415.7)

1

2.4 (1.3-4.5)

2.6 (1.4-4.9)

9.9 (2.5-39.3)

2.7 (1.1-5.2)

2.9 (1.3-4.6)



INITIATION 

(“early” stages)

Donato et al., 2002

ALCOHOL

Acetaldehyde/ 

Oxidative stress

Genotoxicity

NORMAL LIVER

Chronic Liver 
Disease

Chronic inflammation 
Cell proliferation 

(Replication oval cells) 
Fibrosis

CIRRHOSIS

HBV/HCV  

BMI/METABOLIC SYNDROME

HCC

PROMOTION/PROGRESSION 
(“late” stages)

HCV 
HBV 
etc.

Host factors that influence susceptibility to HCC



Farazi et al, Nature 2006



TELOMERE LENGHT ACCORDING TO USUAL  DRINKING CATEGORIES 

Geometric

mean
95% CI P-value P-trend

0-1 drink-units/day

2-4 drink-units/day

>4 drink-units/day

0.67         

0.61

0.48

(0.63-0.72)

(0.56-0.68)

(0.39-0.59)

Ref.

0.14

0.002 0.003

Pavanello et al, International Journal of Cancer 2011



Szabo et al, Alcohol Clin Exp Res 2010



controllo 1

2 3

1,2,3 = diversi gradi di danno
A. Martelli, F. Mattioli, G. Testino  et al – European J Gastroenterol Hepatol 2008



FREQUENCY OF DNA HYPERMETHYLATION IN HCC AND THEIR ASSOCIATION WITH ALCOHOL

Percentage  of hypermethylated tumor samples

RASSF1A

GSTP1

P14 ARF

GNMT

DOK1

MGMT

CHRNA3

Gene

67%

44%

0%

30%

60%

22%

33%

LAMBERT et al, J HEPATOL 2010

RASSF1A: Ras signalling

GSTP1: detoxification of carcinogens

DOK1: response to interferon

CHRNA3: angiogenic growth 

MGMT: DNA repair



INITIATION 

(“early” stages)

Donato et al., 2002

ALCOHOL

Acetaldehyde/ 

Oxidative stress

Genotoxicity

NORMAL LIVER

Chronic Liver 
Disease

Chronic inflammation 
Cell proliferation 

(Replication oval cells) 
Fibrosis

CIRRHOSIS

HBV/HCV  

BMI/METABOLIC SYNDROME

HCC

PROMOTION/PROGRESSION 
(“late” stages)

HCV 
HBV 
etc.

Host factors that influence susceptibility to HCC



Riehle KJ et al, J Gastroenterol Hepatol 2011





Gu JW et al, Cancer 2005



……….

Gu JW et al, Cancer 2005



……….

Gu JW et al, Cancer 2005



Maeda M et al, Cancer 1998



Matsuhashi et al, Internal Medicine 1996
After detection HCC 20-80 gr/day



5 – year HCC incidence          5 – year death incidence
rate                                          rate

___________________________________________________________________________

Group 1  0/20 (O% )                                  1/20 (5 % ) 

Group 2 and 3  4 / 77 ( 5.1 % )                             9 / 77 (11.6 % ) 

Group 4   32 / 93 ( 34.4 % )                        35 / 93 (37.6 % )  

5 5– year HCC incidence          5 – year death incidence
rate                                          rate

Group 1  0/20 (0% )                                 1/20 ( 5% )

Group 2 and 3  4/77 ( 5.1%)                             9/77 (11.6%)

Group 4   32/93 ( 34.4%)                         35/93 (37.6%)  

1) N. Polymorphisms 
2) 1–2   ALA –SOD  2  ALLELES
3) 2  GMPO ALLESSES
4) 2 GMPO ALLELES +

1-2  ALA – SOD 2 ALLESES Nathon et al, Hepatology 2009





RISK FACTORS FOR ALCOHOL ASSOCIATED CARCINOGENESIS

1) Upper aerodigestive tract: smoking, poor oral hygiene and poor
dental status, highly concentrated alcoholic beverages, additional
supplementation of vitamin A an d β-carotene, ADH1C*1,1
homozygocity, ALDH 2*2,2-mutation, precancerous conditions such
as Barret’s oesophagus and gastro-oesophagus and gastro-
oesophagus reflux, atrophic gastritis, Helicobacter pylori infection

2) Liver: cirrhosis, hepatitis B- and C infection, haemochromatosis,
exposure to aflotoxins and vinylchloride

3) Pancreas: smoke, N291/R122H, SPINK1/N34S, PRSS1

4) Colorectum: chronic inflammatory bowel disease, polyps, deficiency
of folate, ADH1C*1 homozygocity, ALDH2*2 mutation

5) Breast: high oestradiol concentrations (expecially in midcycle),
ADH1C*1 genotype? Family history



Alcohol  Consumption
Consumption

Heavy
Alcohol

dependence

Advanced 
Alcoholic Diseases

Alcohol abuse

Risky use

Alcoholic diseases

Low risk use

AbstinenceNone None

Consequences 
severe



Alcohol  Consumption
Consumption

Heavy
Alcohol

dependence

Advanced 
Alcoholic Diseases

Alcohol abuse

Risky use

Alcoholic diseases

Low risk use

Abstinence None

Consequences 
severe

None



ALCOHOL  AND   CANCER   RECOMMENDATION

“no safe level”    - “low risk”

20 – 30 gr/day  in  healthy  man

10  gr/day         in  healthy   women

28 gr /day  in  healthy  man

14 gr / day  in  healthy  women

European Code Against Cancer,
Boyle et al; Ann Oncol 2003

US Departments of Agricolture and Health
and Human Services; July 2009



ALCOHOL  CONSUMPTION AND CANCER

“THE ANALYSIS WAS UNABLE TO IDENTIFY A THRESHOLD          
LEVEL OF ALCOHOL  CONSUMPTION  BELOW WHICH 

NO INCREASE RISK FOR CANCER IS  EVIDENT “

Bagnardi et al, Alcohol Research and Health 2001

Institute National du cancer, Paris 2007
World Cancer Research Fund, American Institute for Cancer Research, 2010
IARC, 2010
Association of European Cancer Leagues, 2011



GRAZIE

PER

L’ATTENZIONE !
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