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In February, 2007, 26 scientists from
15 countries met at the International
Agency for Research on Cancer (IARC)
in Lyon, France, to reassess the carcinogenicity of alcoholic beverages and of
ethyl carbamate (urethane), a frequent
contaminant of fermented foods and
beverages. These assessments will be
published as volume 96 of the IARC
Monographs.1 This paper reports on
the assessment of alcoholic beverages.
Details on the assessment of ethyl
carbamate can be found at http://
monographs.iarc.fr/.
Although moderate alcohol consumption has some health beneﬁts,2
the WHO identiﬁed the consumption
of alcohol as one of the top-10 risks
for worldwide burden of disease.3
In 2002, more than 1·9 billion
adults (≥15 years of age) around the
world were estimated to be regular
consumers of alcoholic beverages, with
an average daily consumption of 13 g of
ethanol (about one drink).4 In general,
men drink alcohol more often and in
larger quantities than women. On the
basis of production data, per-capita
consumption is highest in eastern
Europe and the Russian Federation. In
Africa, South America, and Asia, alcohol
consumption is comparatively lower, but
a large proportion of alcohol is produced
locally and remains unrecorded. Over
the past 40 years, alcohol consumption
has remained stable in most regions of
the world, except in the western Paciﬁc
region—predominantly China—where
it has increased by about ﬁve times.
In addition to ethanol and water,
alcoholic beverages can contain many
diﬀerent substances derived from fermentation, contamination, and from the
use of additives or ﬂavours.
The Working Group reviewed the epidemiological published work on the
possible association between alcohol
consumption and cancer at 27 ana-

tomical sites. Many studies of diﬀerent
design and in diﬀerent populations
around the world have consistently
shown that regular alcohol consumption
is associated with an increased risk
for cancers of the oral cavity, pharynx,
larynx, and oesophagus.5–7 Daily consumption of around 50 g of alcohol
increases the risk for these cancers by
two to three times, compared with the
risk in non-drinkers. Additionally, the
eﬀects of drinking and smoking seem to
be multiplicative. Furthermore, in populations that are deﬁcient in the activity
of aldehyde dehydrogenase, an enzyme
involved in the catabolism of ethanol,
much higher risks for oesophageal
cancer after alcohol consumption have
been reported than in populations with
a fully active enzyme.8
A large number of cohort and case–
control studies provide strong evidence
that the consumption of alcohol is an
independent risk factor for primary
liver cancer. Cirrhosis and other liver
diseases often occur before the cancer
becomes manifest and patients with
these disorders generally reduce their
alcohol intake. Therefore, the eﬀect of
alcohol consumption on the risk for
liver cancer is diﬃcult to quantify.9
More than 100 epidemiological
studies that assessed the association
between alcohol consumption and
breast cancer in women consistently
found an increased risk with increasing
alcohol intake. A pooled analysis of
53 studies on more than 58 000 women
with breast cancer showed that daily
consumption of about 50 g of alcohol
is associated with a relative risk of about
1·5 (95% conﬁdence interval 1·3–1·6),
compared with that in non-drinkers.10
For regular consumption of even 18
g of alcohol per day the relative risk is
signiﬁcantly increased.10
The association between alcohol
consumption and colorectal cancer

has been reported on by more than
50 prospective and case–control
studies. Pooled results from eight
cohort studies11 and data from recent
meta-analyses provide evidence for
an increased relative risk of about
1·4 for colorectal cancer with regular
consumption of about 50 g of alcohol
per day, compared with that in nondrinkers. This association seems to be
similar for colon cancer and for rectal
cancer.11,12
By contrast, both cohort and case–
control studies provide consistent
evidence of no increase in risk for
renal-cell cancer with increasing alcohol consumption. In several studies,
increasing alcohol intake was associated
with a signiﬁcantly lower risk for
renal-cell cancer. This inverse trend
was seen in both men and women.13,14
Furthermore, two prospective cohort
studies and several large case–control
studies showed an inverse association
or no association between alcohol
consumption and non-Hodgkin lymphoma; most studies showed a lower
risk in drinkers than in non-drinkers.15,16
For cancers of the lung and stomach,
there were suggestions that alcohol
consumption might be associated with
an increased risk, but confounding by
smoking and dietary habits could not
be ruled out. For other cancers, the
evidence of an association between
alcohol consumption and cancer risk
was generally sparse or inconsistent.
In animals, administration of ethanol
in drinking-water caused a doserelated increase in the incidence of
hepatocellular adenomas and carcinomas in male mice,17 an increased
incidence of head and neck carcinomas
in male and female rats, an increased
incidence of fore-stomach carcinomas,
testicular interstitial-cell adenomas,
and osteosarcomas of the head, neck,
and other sites in male rats,18 and of
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mammary adenocarcinomas in female
rats.19 In most of the studies in which
ethanol was co-administered with
known carcinogens, it enhanced the
carcinogenic eﬀect. The Working Group
concluded that there is “suﬃcient
evidence” for the carcinogenicity of
ethanol in animals.20
The major alcohol-metabolising
enzymes in humans are the alcohol
dehydrogenases (ADH) that oxidise
alcohol (ethanol) to acetaldehyde, and
the aldehyde dehydrogenases (ALDH)
that detoxify acetaldehyde to acetate.
The variant allele ALDH2*2, which
encodes an inactive subunit of the
enzyme ALDH2, is dominant and highly
prevalent in certain populations of Asian
ethnicity (28–45%), but rare in other
ethnic groups.21 Most homozygous
carriers of this allele (ALDH2*2/*2)
are abstainers or infrequent drinkers,
because the enzyme deﬁciency would
cause a strong facial ﬂushing response,
physical discomfort, and severe toxic
reactions. In heterozygous carriers
(ALDH2*1/*2, with about 10% residual
ALDH2 activity) these acute adverse
eﬀects are less severe, but when
alcohol is consumed these carriers are
at high risk for several alcohol-related
aerodigestive cancers. For example,
genetic epidemiological studies provide
strong evidence that the heterozygous
genotype contributes substantially
to the development of oesophageal
cancer related to alcohol consumption,
with relative risks–compared with
carriers of the homozygous ALDH2*1/*1
genotype, which encodes the active
enzyme–of up to 12 for heavy
drinkers.22 Compared with those with
the ALDH2*1/*1 genotype, the heterozygous carriers have higher levels of
acetaldehyde in blood and saliva after
alcohol drinking, and in a recent study
higher levels of acetaldehyde-related
DNA adducts have been measured in
their lymphocytes.23
Overall, the Working Group conﬁrmed that alcoholic beverages are
“carcinogenic to humans” (Group 1),20
and concluded that the occurrence of
malignant tumours of the oral cavity,
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pharynx, larynx, oesophagus, liver,
colorectum, and female breast is
causally related to alcohol consumption. For renal-cell cancer and nonHodgkin lymphoma the Working
Group concluded that there is “evidence
suggesting lack of carcinogenicity” for
alcohol drinking.20
The addition of breast cancer and
colorectal cancer, two of the most
common cancers worldwide, to the
list of cancers causally related to
alcohol consumption suggests that
the proportion of cancers attributable
to alcohol consumption is higher than
previously estimated. Because these
associations were generally noted with
diﬀerent types of alcoholic beverage,
and in view of the carcinogenicity of
ethanol in animals, the Working Group
also classiﬁed ethanol in alcoholic
beverages as “carcinogenic to humans”
(Group 1).20
The Working Group agreed that
the substantial mechanistic evidence
in humans deﬁcient in aldehyde
dehydrogenase indicates that acetaldehyde derived from the metabolism of ethanol in alcoholic beverages
contributes to causing malignant
oesophageal tumours.
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