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NTP Report on Carcinogens Listing for Alcoholic Beverage Consumption

Carcinogenicity

Consumption of alcoholic beverages is known to be carcinogenic to humans based on
human studies that indicate a causal relationship between consumption of alcoholic beverages
and an increased risk of cancer in humans (reviewed in IARC, 1988; Longnecker and Enger,
1996). Studies indicate that the risk is most pronounced among smokers and at the highest levels
of consumption.

Consumption of alcoholic beverages is causally related to cancers of the mouth, pharynx,
larynx, and esophagus. Cohort and case control studies in a variety of human populations are
notable for their consistency in reporting the presence of moderate to strong associations with
dose-response relationships for these four sites. Evidence also supports a weaker but possibly
causal relation between alcoholic beverage consumption and increased risk of cancers of the liver
and breast (Longnecker, 1994). The effect of a given level of alcoholic beverage intake on
absolute risks of cancer of the mouth, pharynx, larynx, and esophagus is influenced by other
factors, especially smoking. However, smoking does not explain the observed increased risk of
cancers associated with increased alcoholic beverage consumption.

No adequate experimental animal carcinogenicity studies of alcoholic beverages have
been reported in the literature. Studies specifically examining the carcinogenicity of ethanol in
animals have not yielded results that would suggest that the ethanol component of alcoholic
beverages is solely responsible for the increases in cancer observed in people consuming

alcoholic beverages.

Other Information Relating to Carcinogenesis or Possible Mechanisms of Carcinogenesis
Increased frequencies of chromosomal aberrations, sister chromatid exchanges, and
aneuploidies have been found in the peripheral lymphocytes of alcoholics. Ethanol-free extracts
of some alcoholic beverages induced sister chromatid exchanges in human cells in vitro and
mutations in bacteria (IARC, 1988).
The mechanism by which consumption of alcoholic beverages can cause cancers in
humans is not established.
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Listing Criteria from the Report on Carcinogens, Eighth Edition

Known To Be A Human Carcinogen:
There is sufficient evidence of carcinogenicity from studies in humans which indicates a
causal relationship between exposure to the agent, substance or mixture and human

cancer.

Reasonably Anticipated To Be A Human Carcinogen:
There is limited evidence of carcinogenicity from studies in humans, which indicates that
causal interpretation is credible, but that alternative explanations, such as chance, bias or
confounding factors, could not adequately be excluded, or

There is sufficient evidence of carcinogenicity from studies in experimental animals
which indicates there is an increased incidence of malignant and/or a combination of
malignant and benign tumors: (1) in multiple species or at multiple tissue sites, or (2) by
multiple routes of exposure, or (3) to an unusual degree with regard to incidence, site or
type of tumor, or age at onset; or

There is less than sufficient evidence of carcinogenicity in humans or laboratory animals,
however; the agent, substance or mixture belongs to a well-defined, structurally related
class of substances whose members are listed in a previous Report on Carcinogens as
either a known to be human carcinogen or reasonably anticipated to be human
carcinogen, or there is convincing relevant information that the agent acts through
mechanisms indicating it would likely cause cancer in humans.

Conclusions regarding carcinogenicity in humans or experimental animals are based on scientific
judgment, with consideration given to all relevant information. Relevant information includes,
but is not limited to dose response, route of exposure, chemical structure, metabolism,
pharmacokinetics, sensitive sub populations, genetic effects, or other data relating to mechanism
of action or factors that may be unique to a given substance. For example, there may be
substances for which there is evidence of carcinogenicity in laboratory animals but there are
compelling data indicating that the agent acts through mechanisms which do not operate in
humans and would therefore not reasonably be anticipated to cause cancer in humans.
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1.0 CHEMICAL COMPOSITION

The chemical composition of alcohol beverages was-addressed by IARC (1988). Ethanol
and water are the main constituents of most alcoholic beverages. The amount of ethanol
consumed in a standard measure of most drinks is similar for beer, wine, and spirits (10-14 g).
The ethanol in these beverages comes from the fermentation of carbohydrates by yeast.
Although ethanol can be chemically synthesized from ethylene, alcohol synthesis for use in
beverages is not employed by the alcoholic beverage industry because of the presence of
impurities from the synthetic process.

1.1 Physical-Chemical Properties of Ethanol

Property Information Reference

Color clear, colorless liquid TIARC (1988)
Boiling Point 78.5°C 1ARC (1988)
Melting Point -114.1°C IARC (1988)
Density d,*0.789 IARC (1988)

Beer, wine, and spirits also contain volatile and nonvolatile flavor compounds that
originate from raw materials, fermentation, wooden casks used for maturation, and synthetic
substances added to specially flavored beverages. The exact composition of many beverages is
confidential business information, though much published data defines the organic compounds
usually present at low levels. Components and contaminants identified in beer, wine, and spirits
were noted by IARC (1988) and several of these are known or suspected animal or human
carcinogens, including acetaldehyde, nitrosamines, aflatoxins, ethyl carbamate, asbestos, and
arsenic compounds (Table 1-1).

1.2 Beer

Carbony] compounds have been identified in beer produced in the United States,
Germany and Norway; acetaldehyde was found to be the most common carbonyl compound with
reported levels as high as 37.2 mg/L (Nykinen and Suomalainen, 1983; cited by IARC, 1988).
Formaldehyde was also detected at lower levels.

Several nitrosamines have been identified in beer, including N-nitrosodimethylamine
(NDMA), N-nitrosodiethylamine (NDEA), N-nitrosodipropylamine (NDPA), N-
nitrosopyrrolidine, and N-nitrosoproline (Klein, 1981; cited by IARC, 1988).

Aflatoxins have been detected in Kenyan beer samples at concentrations of 1-2.5 ng/L;
the source was believed to be rejected maize (Peers and Linsell, 1973; cited by IARC, 1988).
Ochratoxin A and zearalenone were found in Kenyan beer made from contaminated barley
(IARC 1983; cited by IARC, 1988).

Ethyl carbamate (urethan), a product of the reaction of ethanol and carbamyl phosphate,
has been detected in commercial ales (Ough, 1984; cited by IARC, 1988).

Asbestos fibers have been identified in Canadian and U.S. beers (Cunningham and
Pontefract, 1971; cited by IARC, 1988). The fibers in Canadian beer were described as
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chrysotile and the fiber concentrations in Canadian and U.S. beers were reported as 1.1-6.6
million fibers/L.

1.3 Wine

Acetaldehyde has been detected at 50-160 mg/L in wines produced in different countries
(Nykinen and Suomalainen, 1983; Postel et al., 1972b; both cited by IARC, 1988). All
aldehydes can be chemically bound to ethanol, higher alcohols, and the additive sulfur dioxide
(IARC, 1988).

The nitrosamine NDMA was identified in 33 wine samples at concentrations of <0.05-0.6
ug/L (Klein, 1981; cited by IARC, 1988). NDEA was detected in one sample at a concentration
of 0.3 ug/L, but NDPA was not detected.

The fungi that produce aflatoxins may occur on grapes, since a wide variety of molds
normally inhabit grapes. Consequently, wine samples were analyzed for the presence of
aflatoxins (IARC, 1988). Aflatoxin B, was detected in two of 33 German wines at
concentrations of < 1 ug/L (Schuller et al., 1967; cited by IARC, 1988). Aflatoxins were also
identified in 16 of 22 wines from different countries at concentrations of < 1-2.6 ug/L (Lehtonen,
1973; cited by IARC, 1988). Using improved methods in later studies, aflatoxins were not
detected in samples of French red wine, Spanish sherry, madeira and port wine (Drawert and
Barton, 1974; Lemperle et al., 1975; both cited by IARC, 1988).

Since ethyl carbamate is expected to be present in most fermented beverages, some wine
samples were analyzed for this compound (IARC, 1988). Ethyl carbamate was reported by Ough
(1984; cited by IARC, 1988) to have been found in experimental wine (0.6-4.3 ug/L) and
commercial wines (0.3-5.4 ug/L).

Asbestos fibers may be present in alcoholic beverages from filters used for clarification,
water used during production processes, and from asbestos-cement water pipes (IARC, 1988).
Asbestos fibers have been identified in European and Canadian wine, but concentrations were
not reported (Cunningham and Pontefract, 1971; cited by IARC, 1988).

Arsenic was analyzed in wine samples because of the use of arsenic-containing
fungicides (IARC, 1988). Arsenic was reported in nine U.S. wines at concentrations from 0.02-
0.11 mg/L (Noble et al., 1976; cited by IARC, 1988). Arsenic concentrations in Spanish wine
were shown to decrease after processing (Aguilar et al., 1987; cited by IARC, 1988), and the
arsenic content of German wines has been ~0.009 mg/L since 1970 (Eschnauer, 1982; cited by
IARC, 1988).

1.4 Spirits

Acetaldehyde occurs in all spirits because it is easily distilled with water; greater than
90% of the total aldehyde content is acetaldehyde (IARC, 1988). Concentrations reported in
several whiskeys ranged from 20-220 mg/L, and the concentration in brandy has been found to
be as high as 600 mg/L (Nykinen and Suomalainen, 1983; cited by IARC, 1988).

Many investigations have determined nitrosamine occurrence in alcoholic beverages
(IARC, 1988). The nitrosamines NDMA, NDEA, and NDPA were detected in white alcohol,
whiskey, rum, and cognac, with concentrations ranging from < 0.05 ng/L-4.8 ug/L (Klein, 1981,
cited by IARC, 1988).
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Because of the high concentration of urethan detected in some fruit brandies (0.1-7.0 mg/L), this
substance was analyzed in other distilled spirits (IARC, 1988). Whisky, rum, cognac, sherry, and
liqueur were reported to contain ethyl carbamate at concentrations ranging from 0.02-0.16 mg/L
(Mildau et al., 1987, cited by IARC, 1988).

Table 1-1. Potential Carcinogens Identified in Alcoholic Beverages

Beverage Components Reference
Beer acetaldehyde, nitrosamines, aflatoxins, IARC (1988)
ethyl carbamate, asbestos fibers
Wine acetaldehyde, nitrosamines, aflatoxins, IARC (1988)

ethyl carbamate, asbestos fibers,
arsenic compounds

Spirits acetaldehyde, nitrosamines, ethyl IARC (1988)
carbamate

2.0 HUMAN EXPOSURE

2.1 Use

IARC (1988) describes in detail the use of alcoholic beverages (Appendix B). Consumption
trends, including overall level of alcohol consumption, beverage choice, age and sex differences,
and temporal variations, differ among and within societies. Patterns of alcohol consumption
have been observed to vary on a global scale, largely independent of regional differences or
economic and social changes (IARC, 1988).

A downward trend in alcohol consumption was observed in the United States and many
European countries from the turn of the twentieth century until the period between the world
wars. Alcohol consumption then increased, approaching the peak levels of the nineteenth
century, until the 1970s and 1980s when consumption rates slowed, leveled off or, in some
countries (including the United States, Canada, Germany, Italy, Spain, France, Australia, and
New Zealand), decreased. Overall increases in consumption were observed in some other
countries (Denmark, Finland, Great Britain, Japan, and Luxembourg) over the same period. The
authors note that alcohol consumption in these countries was initially (in 1970) very low in
comparison to the other countries studied (NIAAA, 1997).

Alcohol consumption in the United States increased from the 1940s until the early 1980s,
then began to steadily decrease; by 1993, consumption had declined to the lowest level since
1964 (Table 2-1). Per capita consumption figures for Table 2-1 were derived by estimating total
alcohol use, based on sales and shipment data, of the U.S. population aged 14-years or older.
Apparent per capita consumption is expressed in gallons of pure alcohol (NIAAA, 1997).



NTP Report on Carcinogens 1998 BACKGROUND DOCUMENT FOR ALCOHOLIC BEVERAGE CONSUMPTION

Table 2-1. Total per capita alcohol consumption
United States, 1940-1993

Gallons of ethanol

940 1950 1960 1970 1980 1980 1993
Source: Williams et al. (1995); cited by NIAA (1997)

A 1990 National Alcohol Survey gathered data regarding the demographic distribution of
drinking patterns in the United States (Midanik and Clark, 1994). Respondents were classified
as current drinkers (any use of alcohol beverages in the preceding year), weekly drinkers (any
alcoholic beverage use at least weekly during the preceding year), and drinkers of five or more
drinks (drinking five or more drinks on one occasion weekly or more often during the preceding
year).

Of the men surveyed, 71.2% were current drinkers, 40.0% were weekly drinkers, and
6.5% were in the five drinks group. In the group reporting the highest alcohol consumption, men
aged 18-29, 76.5% were current drinkers, 44.4% were weekly drinkers, and 11.0% were in the
five drinks group. The same age group reported the highest consumption among women: 69.7%
were current drinkers, 19.7% were weekly drinkers, and 3.0% were in the five drinks group.
When data from all age groups of women were combined, 59.4% were current drinkers, 18.8%
were weekly drinkers, and 1.4% were in the five drinks group. These figures all represent
decreases in alcohol consumption as measured by a similar survey conducted in 1984 (Midanik
and Clark, 1994).

Respondents were grouped by ethnicity and religious affiliation (Table 2-2). The survey
found no statistically significant differences in alcohol use among ethnic groups, but
conservative Protestants reported significantly lower alcohol consumption in all three categories.
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Table 2-2. Demographic Characteristics of U.S. Drinkers 1990: Ethnicity and Religion—
Percentage of Drinkers in Groups

Current Drinkers | Weekly Drinkers | Drinkers of Five or
More Drinks
Race
Black 61.6 25.8 35
White 659 30.2 3.5
Hispanic 66.6 26.5 8.9
Other 57.0 21.6 14
Religion
Catholic 78.6 373 6.7
Jewish 91.8 30.2 0.0
Liberal Protestant 72.6 36.1 1.0
(excessive alcohol use
discouraged)
Conserv. Protestant 51.1 19.3 2.2
(all alcohol use
discouraged)
Other 75.4 37.1 9.3

Source: Midanik and Clark (1994)

Per capita consumption of wine and beer in the United States was relatively stable over
the period beginning in the early 1980s and continuing into the 1990s when overall alcohol
consumption was falling (Williams et al., 1995; cited by NIAAA, 1997). Most of the decrease in
U.S. alcohol consumption can be aitributed to decreased consumption of spirits. Though wine
has made much less of a contribution to the total volume of U.S. alcohol consumption than beer
or spirits, per capita consumption of wine was the same in 1993 as it was in 1977, while
consumption of spirits fell by almost 35% over the same period. Per capita consumption of beer
decreased from 1981 to 1985, fluctuated thereafter, and in 1993 was one percent below 1977
consumption levels (NIAAA, 1997) (Table 2-3).

Table 2-3. Per capita alcohol consumption by beverage type
United States, 1977-1993

©

e

2

i W Beer
° W Spirits
"]

5 BWine
©

(L]

4977 1979 1981 1983 1985 1987 1989 1991 1993
Source: Williams et al. (1995); cited by NIAAA (1997)
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Per capita consumption of absolute alcohol is highest in Europe. Based on data for 1982-
1991, France had the highest average per capita consumption at 13.1 liters (3.4 gallons) (ARF,
1994). In other parts of the world, especially in countries where Islam is the major religion, per
capita consumption of alcohol is well below this level, although increases have been noted in
some countries in recent years.

2.2 Production

IARC (1988) summarized data on worldwide production of alcoholic beverages including
kinds of beverage, and production methods (Walsh and Grant, 1985; cited by IARC, 1988). All
alcoholic beverages are produced by the fermentation of fruit or other vegetable matter. Most
commercial and home production involves fermented beverages that are classified, based on raw
materials and production methods used, as beer, wine, or spirits, although smaller quantities of
other kinds of fermented beverages (cider, rice wine, palm wine, etc.) are also produced. Beer is
produced by fermentation of malted barley or other cereals with the addition of hops. Wine is
made from fermentation of grape juice or crushed grapes; fortified wines include additional
distilled spirits. Distilled spirits, so named because of liquid distillation after sugar fermentation
to increase the alcohol content, originate from sources of starch or sugar, including cereals,
molasses from sugar beets, grapes, potatoes, cherries, plums, and other fruits.

Estimates of alcoholic beverage production in each region of the world in 1990 are listed
in Table 2-4. Totals in this table may not match due to rounding of original data.

Table 2-4. World Alcoholic Beverage Production, 1990

Africa America Asia Europe | Oceani | World
a Total

Wine 1070 4520 254 22673 494 29010
(in thousand
metric tons)
Beer 57265 374529 165955 | 466739 | 24254 | 108874
(in thousand 2
hectoliters)
Spirits 1203 18454 14284 22992 823 57756
(in thousand
hectoliters)

Source: ARF (1994)

2.3 Regulations

A March 1999 search of the most recent editions of the Code of Federal Regulations
found no regulations requiring warnings on alcoholic beverage labels of an increased risk of
cancer due to alcoholic beverage consumption. (Labels on saccharin-containing wines, distilled
spirits, and malt beverages, however, must warn of a cancer risk from saccharin consumption [27
CFR 4.32, 5.32, and 7.22, respectively, enforced by the Bureau of Alcohol, Tobacco and
Firearms, Department of the Treasury]).

FDA regulates health claims information on food labels. Thus, labels on low fat foods
may make the health claim that diets low in fat “may” or “might” reduce the risk of some cancers
with several provisions (21 CFR 100.73 Health claims: dietary lipids and cancer). Optional
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information allowed includes identification of risk factors for development of cancer. Alcohol
consumption is one of the risk factors that FDA lists. The same optional information may be
added to labels stating there is a reduced risk of cancer for diets high in fiber-containing grain
products, fruits, and vegetables (21 CFR 101.76, 21 CFR 101.78).

3.0 HUMAN STUDIES

Recent investigations, including a review of new epidemiological data (Longnecker and
Enger, 1996), reinforce previous reports of a causal relationship between alcoholic beverage
consumption and cancers of the oral cavity, pharynx, larynx, esophagus, and liver (IARC, 1988).

Estimated relative risks were significantly higher for cancers of the mouth, pharynx, larynx,
esophagus, breast, and liver among consumers of alcoholic beverages, particularly among heavy
drinkers. An association between increased risk of breast cancer and alcohol intake has been
established, but conclusions regarding causality cannot be drawn in the absence of an established
mechanism (Longnecker and Tseng, 1999). The effect of all defined levels of alcohol intake on
absolute risks cancers of the mouth, pharynx, larynx, and esophagus was influenced by other risk
factors, especially smoking. Large bowel cancers had a weak association with alcoholic
beverage consumption, while melanoma and cancers of the bladder, stomach, ovary, and
endometrium were not consistently related to alcohol intake (Longnecker and Enger, 1996;
Westerdahl et al., 1996).

Results of 59 of the largest (defined by number of cases) case-control and cohort studies
of the relationship between alcohol consumption and risk of oral and pharyngeal, esophageal,
laryngeal, breast, and liver cancers are summarized below. Study details are presented in Table
3-1.

3.1 Oral and Pharyngeal Cancer

Nine case-control studies, each with more than 100 cases, support a strong association of
alcohol drinking and oropharyngeal cancer (Elwood et al., 1984; cited by IARC, 1988; Martinez,
1969; Bross and Coombs, 1976; Brugere et al., 1986; Notani, 1988; Tuyns et al., 1988; Barra et
al., 1990; Franceschi et al., 1990; Day et al., 1994), consistent with conclusions in a recent
review (Longnecker and Enger,; 1996). All risk estimates were adjusted for smoking which is a
known risk factor for oropharyngeal cancer. The cohort studies reviewed are not included in this
report because the risk estimates were not adjusted for smoking or because studies combined
analysis of oropharyngeal cancer with cancer of the larynx and esophagus. However, in five
retrospective cohort studies of alcoholics, the relative risk of oral and pharyngeal cancer was
significantly increased (IARC, 1988).

3.2 Esophageal Cancer

Nine case-control studies with cases in excess of 100 show a strong dose-response
relationship between alcohol intake and esophageal cancer (Tuyns et al., 1977; cited by IARC,
1988; Tuyns et al., 1979; Vassallo et al., 1985; De Stefani et al., 1990; Cheng et al., 1992;
Franceschi et al., 1994; Gao et al., 1994; Hanaoka et al., 1994; Brown et al., 1997). As with
studies of oropharyngeal cancer, risk estimates were adjusted for smoking and other potential
confounders. The cohort studies reviewed are not presented because the risk estimates were not
adjusted for smoking. However, seven of eight retrospective cohort studies indicate a two- to

four-fold increase in esophageal cancer risk (IARC, 1988).
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3.3 Breast Cancer
Six of nine case-control studies with greater than 1000 cases indicate a modest, but

significant, dose-response relationship between alcohol consumption and breast cancer (Williams
and Horm, 1977; Rosenberg et al., 1982; Lé et al., 1984; Harvey et al., 1987; La Vecchia et al.,
1989.; Longnecker et al., 1995). All five of the cohort studies of more than 100 cases (Hiatt and
Bawol, 1984; Hiatt et al., 1987; Schatzkin et al., 1987, Garfinkel et al., 1988, Smith-Warner,
1997) showed a positive association between breast cancer and alcohol consumption. Most of
these studies controlled for factors known to contribute to the risk of breast cancer (e.g.,
reproductive factors and family history of breast cancer). The association of breast cancer and
alcohol consumption is also supported by a recent meta-analysis of 38 studies (Longnecker,
1994).

3.4 Laryngeal Cancer :

Ten case-control studies with more than 90 cases each support an association between
alcohol drinking and laryngeal cancer (Wynder et al., 1956, 1976; Burch et al., 1981; Elwood et
al., 1984; all cited by IARC, 1988; Olsen et al., 1985; Brugere et al., 1986; Tuyns et al., 1988;
Choi and Kayho, 1991; Franceschi et al., 1994; Dosemeci et al., 1997). All risk estimates from
these case control studies were adjusted for smoking, a known risk factor for laryngeal cancer.
The cohort studies reviewed are not included in this report because information on smoking
habits was not obtained. However, the risk of laryngeal cancer was significantly increased in four
of six retrospective cohort studies (IARC, 1988).

3.5 Liver Cancer

Seven of ten case-control studies with 60 or more cases (Bulatao-Jayme et al., 1982;
Stemhagen et al., 1983; Hardell et al., 1984; Austin et al., 1986; Yu et al., 1988; Tsukuma et al.,
1990) and four cohort studies with greater than 20 cases (Jensen et al., 1980; cited by IARC,
1988; Hakulinen et al., 1974; Kono et al., 1986; Shibata et al., 1986) showed an association
between liver cancer and heavy drinking. Most of these studies indicate a dose-response
gradient.

3.6 Type of Alcoholic Beverage as Risk Factor
Although a number of studies compare the cancer risk associated with specific types of
alcohol, the data do not support general conclusions regarding beverage specific differences.

3.7 Dose-Response Relationships

The studies summarized in Table 3-1 generally show a dose-response between alcohol
beverage intake and cancer incidence at certain sites. This relationship is also apparent from
qualitative analyses of published results (Longnecker and Tseng, 1999). Variations in dose-
response occur among and within different countries, possibly due to differences in beverage
preferences, drinking patterns, reporting of alcoholic beverage consumption, and study design.

10
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3.8 Beneficial Effects of Low to Moderate Alcohol Consumption

Potential health benefits of low alcoholic beverage consumption should be recognized as
well as the detrimental effects of heavy consumption. Light-to-moderate intake of alcoholic
beverages (defined by the authors as up to 2 drinks/day) has been repeatedly associated with a
reduced risk of coronary artery disease (Klatsky, 1994). Thun et al. (1997) found an association
between moderate alcohol consumption (defined by the authors as ~1 drink/day) and a slightly
reduced overall mortality rate in a recent study of middle-aged and elderly U.S. adults.

1
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4.0 EXPERIMENTAL CARCINOGENESIS

4.1 Studies Reviewed by IARC (1988)

One study reported no increased tumor incidence in rats administered alternating doses of
pure ethanol in water (15% and 55%), farm apple brandy (15% and 55%), or industrial apple
brandy (15% and 40%) as the drinking fluid for up to 23 mo. The higher concentrations were
supplied on alternate days and controls were exposed to water alone. Other animal studies were
considered inadequate for evaluation of carcinogenic effects of ethanol.

A number of adequate studies reported the tumor incidence in animals given ethanol in
combination with a known carcinogen. Mice orally administered ethanol and N-
nitrosodimethylamine (NDMA) had an increased incidence of nasal cavity tumors. Ethanol also
enhanced the incidence of esophageal/forestomach tumors and lung tumors in mice given N-
nitroso-diethylamine (NDEA) or N-nitrosodi-n-propylamine by oral administration. The
incidence of benign tumors in the nasal cavity of rats was enhanced by ethanol administered in a
liquid diet with N “nitrosonornicotine. In addition, hamsters given N-nitrosopyrrolidine (NPyr)
by intraperitoneal (i.p.) injection showed a higher incidence of nasal cavity and tracheal tumors
and neoplastic liver nodules if ethanol was simultaneously administered. Rats exposed to vinyl
chioride via inhalation had a higher incidence of liver tumors when ethanol was administered in
the drinking water.

IARC (1988) concluded that there is inadequate evidence for the carcinogenicity of
ethanol and alcoholic beverages in experimental animals. Earlier review groups (IARC, 1985,
1987) concluded that there is sufficient evidence for the carcinogenicity of acetaldehyde (the
initial metabolite of ethanol) in experimental animals.

4.2 Studies Post-IARC (1988)
All tumor incidences are presented in ascending order from control to highest dose.

4.2.1 Mice

One recent study examined the effects of ethanol on mammary carcinogenesis (Hackney
etal., 1992). The strain of mice treated have a high spontaneous mammary tumor incidence, but
the mammary tumorigenesis was not enhanced by ethanol administered in drinking water, by
gavage, or as part of a liquid diet. Groups were given ethanol at a rate of 15 g/kg/day in drinking
water, 4 g/kg/day by gavage, or 20 g/kg/day in a defined diet. Compared to isocaloric controls,
treatment groups showed either no change or a decrease in tumor incidence (Hackney et al.,
1992).

Two other studies with mice provide evidence that coexposure to nitrosamines and
ethanol potentiates the carcinogenicity of nitrosamines. In one study (Anderson et al., 1992), the
incidence of lung tumors was significantly (p<0.05) greater in groups given NDMA (5 ppm) +
ethanol (1%, 5%, or 10%) in drinking water than in a group given only NDMA (27/50, 47/49,
46/48, 49/50). A statistically significant increase in lung tumors was seen in mice exposed to
NDMA (1 ppm) and 10% ethanol in drinking water for 48 or 72 wk and in mice given an
intragastric (i.g.) dose of NDMA administered with an ethanol (5%, 10%, or 20%) solution.

Another coexposure study (Anderson et al., 1993) extended the nitrosamine exposure to
include NDEA, NPyr, and N° - (methylnitroso) adenosine (MNAR). The NDEA + ethanol group
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had a significantly (p<0.01) greater lung tumor multiplicity than the NDEA only group (5.8, 1.5).
The incidence of forestomach tumors was also greater in the NDEA + ethanol group than in the
NDEA-only group (16/50, 1/50). In addition, the NPyr + ethanol groups showed a significant
(p<0.01) increase in the incidence of lung tumors compared to the NPyr- only groups, at 6.8 ppm
NPyr (33/49, 20/49) and 40 ppm NPyr (47/48, 22/49). At the high dose of MNAR, the incidence
of thymic lymphoma was significantly increased in the MNAR + ethanol group compared to the
group treated with MNAR only (32/50, 21/49).

4.2.2 Rats

A study explored cancer metastasis in rats given ethanol prior to and during development
of a primary tumor (Yirmiya et al., 1992). Rats were administered ethanol in a liquid diet
followed by lung cancer induction by injection of murine lymphoma cells. The ethanol exposed
group had significantly (p<0.05) more metastases, indicated by cell morphology, than control

groups given a standard liquid or solid diet.
The influence of ethanol on the initiation stage of cancer induction by nitrosamines was

investigated in several studies. In one study (Grubbs et al., 1988), rats were gavaged with two
doses of ethanol and weeks later given dimethyl benzanthracene (DMBA) or methylnitrosourea
(MNU). Ethanol-pretreated groups had a greater number of mammary cancers per rat after
treatment with DMBA than groups not pretreated (high dose 5.6; low dose 5.4; sucrose 4.0; none
3.4).

Three studies examined mammary tumors in rats exposed to ethanol before, during and
after treatment with DMBA or MNU. In one study (Singletary et al., 1991), groups were fed
diets with ethanol as a percentage of calories before, and seven days after, treatment with
DMBA, or only after DMBA treatment. Compared to the control group, the incidence of
mammary tumors was significantly (p<0.05) greater in rats fed 20% ethanol before and after
dosing with DMBA (47%, 82%). Likewise, in comparison to the control group, the incidence of
mammary tumors in rats fed 15% ethanol was significantly (p<0.05) greater (49%, 83%). There
was no significant difference, however, in the incidence of rats with mammary tumors from the
group given 30% ethanol and the controls.

A similar study investigated dietary ethanol and the carcinogen MNU (Singletary et al.,
1995). Groups were fed diets with ethanol as a percentage of calories before, during and seven
days after treatment with MNU, or only after MNU treatment. There was a significant (p<0.05)
difference in mammary tumor incidence between the 15% ethanol group and the control group,
but there was no significant difference in the mammary tumor incidence between rats given 20%
or 30% ethanol and the controls. A significant (p<0.05) difference in mammary
adenocarcinomas per rat and in final palpable tumor number per rat was also observed between
the 15% ethanol group and the control group. In addition, the 20% ethanol group had a
significantly higher final palpable tumor incidence compared to the controls.

Finally, ethanol had no effect on mammary tumor incidence in rats given ethanol as a
dietary caloric percentage before, during, and after treatment with DMBA (Rogers and Connor,
1990). A group was administered 10% of their calories as ethanol at age 24-28 days, 20% of
their calories as ethanol at age 28-230 days, and DMBA (20 mg/kg) by gavage at age 55 days. In
the control group, fat was substituted for ethanol.

Another study that investigated the incidence of DMBA-induced mammary tumors in rats
pretreated with ethanol did not find that ethanol potentiated tumor incidence (McDermott et al.,
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1992). Animals were administered ethanol (5%) in the drinking water from age 40 to 50 days
and given an i.g. dose of DMBA (15 mg) at age 50 days. At age 116 days, the incidence of
mammary tumors was greater in the control than in the treated group (18/18, 8/20).

Several studies examined tumor incidence in rats coexposed to a nitrosamine and ethanol.
Cotreatment of rats with diethyl nitrosamine (DEN) and ethanol in drinking water resulted in an
increase of esophageal tumors compared to tumors after exposure to only DEN (Aze et al.,
1993). Groups were administered two doses of DEN (33 ppm, 50 ppm) or one dose of DEN (50
ppm) and ethanol (10%) in drinking water. The group coexposed to DEN and ethanol had a
significant (p<0.01) number of rats with esophageal papilloma (1/26, 2/28, 10/26), esophageal
carcinoma (0/26, 1/28, 8/26), and esophageal papilloma and carcinoma combined (1/26, 3/28,
15/26), compared to groups exposed to both levels of DEN alone.

Yamagiwa et al. (1991, 1994) investigated liver cancer in male and female rats
simultaneously exposed to female hormones and ethanol. Groups were given by stomach tube
ethynylestradiol (EE; 0.075 mg) and norethindrone acetate (NA; 6.0 mg) with and without
ethanol (10%) in drinking water; liver examinations were made every two wk for 12 mo. The
incidence of hepatocellular carcinoma was significantly (p<0.05) elevated at 12 mo. in females
treated with NA, EE and ethanol compared to females treated with NA and EE only (2/25, 9/22).

This increase in hepatocellular carcinoma was not seen in the males rats in the study.

In contrast, the incidence of glandular stomach carcinoma and duodenal carcinoma was
significantly reduced in rats coadministered ethanol with the nitrosamine N-methyl-N"-nitro-N-
nitrosoguanidine (MNNG) in a drinking solution, compared to tumor induction by MNNG given
without ethanol (Cerar and Pokorn, 1996). Groups of rats were given MNNG (100 pg/mL) in
tap water, MNNG (100 pg/mL) in 11% ethanol, or MNNG (100 pg/mL) in wine. The solutions
were administered for six mo followed by a normal diet until study termination at mo 13. The
glandular stomach adenocarcinoma incidence in the group treated with only MNNG was
significantly (p=0.037) increased compared to groups given MNNG in wine or in an ethanol
solution (6/17, 1/18, 1/19). An analogous conclusion was drawn concerning duodenal
adenocarcinoma (4/17, 0/18, 0/19; p < 0.0005).

In one study, rats were coexposed to ethanol and methyl-n-amylnitrosamine (MNAN) and
then administered ethanol for life (Mirvish et al., 1994). Groups were given three i.p. injections
of MNAN; one group was simultaneously administered ethanol in drinking water, which
continued throughout the animals’ lives. Histological examinations showed no change in the
incidence of tumors in the esophagus, nasal cavity, tongue, forestomach, and thyroid between
groups treated with MNAN and MNAN + ethanol.

4.2.3 Hamsters

A study with hamsters investigated cancer in the offspring of pregnant females exposed
to ethanol early in gestation and later given the nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanone (NNK) (Schuller et al., 1993). Offspring of the group transplacentally exposed to
NNK and ethanol had a significantly (p<0.01) greater overall tumor incidence than both
offspring exposed to NNK only and offspring of the control group (M: 8/16, 3/9, 0/12; F: 13/17,
6/15, 0/16).
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5.0 GENOTOXICITY
Studies of the genotoxic effects of ethanol and alcoholic beverages published prior to
1988 have been reviewed by IARC (1988, pp. 135-159, see Appendix B). More recent studies

are summarized in Section 5.2.

5.1 Genotoxicity Studies Reviewed by IARC (1988)

The peripheral blood lymphocytes of alcoholics showed increased frequencies of
chromosomal aberrations when compared to nonalcoholics in studies that controlled for age, sex,
duration of dependence, and smoking. Smoking alcoholics had a higher frequency of exchange-
type aberrations than nonsmoking alcoholics. These aberration frequencies were also positively
correlated to duration of alcohol dependence. Similar studies of sister chromatid exchange
(SCE) or aneuploidy often did not control for confounding factors.

In rodents exposed to ethanol in vivo, inconsistent results were reported for chromosomal
aberrations and SCE. Chromosomal aberrations were not induced in rats or hamsters, but one
study showed chromosomal aberrations in rat embryos exposed in vivo. An increase in SCE was
induced in mouse (but not hamster) bone-marrow, mouse embryo liver cells, and in rat peripheral
blood lymphocytes exposed in vivo.

A high incidence of aneuploidy was seen in the fertilized eggs of female mice given
ethanol after the predicted time of ovulation. Conflicting results were reported for induction of
micronuclei and dominant lethal mutations in mice and rats administered ethanol.

Several studies examined the genotoxicity of ethanol and alcoholic beverages in human
blood lymphocytes in vitro. In one study, chromosomal aberrations were induced in human
lymphocytes treated in vitro with ethanol without exogenous metabolic transformation, but
several similar studies were negative. Lymphocyte exposure to different types of alcoholic
beverages did not produce chromosomal aberrations.

An increase in SCE was observed in human lymphocytes treated with ethanol or alcohol-
free extracts of several alcoholic beverages. One study with ethanol showed a dose-related
increase in SCE without exogenous metabolic activation, but another study found an SCE
increase only after the addition of alcohol dehydrogenase. In a study of alcohol-free beverage
extracts, the frequency of SCE was increased in the absence of an exogenous metabolic system.

5.2 Genotoxicity Studies Published after IARC (1988)

This section reviews only studies in human and other mammalian systems and
Drosophila. An increase in the frequency of structural chromosomal aberrations was observed in
mitogen-stimulated peripheral blood lymphocytes of abstinent alcoholics (Gattas and Saldanha,
1997). Abstinent alcoholics were abstinent from one month to 32 years (n = 55) while controls
(n = 55) were selected at random and not screened for alcohol intake. Cytogenetic analyses
showed that ex-chronic alcoholics had a threefold higher frequency of cells with structural
chromosomal aberrations in peripheral lymphocytes than did controls.

An in vivo human study reported no relationship between reported alcohol intake and hprt
mutant frequency in human T cells (Cole and Green, 1995). Blood samples were taken from 153
normal humans classified into four groups based on alcohol intake. Each donor had completed a
questionnaire concerning alcohol consumption. Samples analyzed for Aprt mutant frequency
showed no significant difference in mutant frequency between groups, and there was no
correlation between mutant frequency and alcohol consumption.
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A study suggested that moderate wine consumption protects against hydrogen peroxide-
induced DNA damage (Fenech et al., 1997). Blood samples were taken from four male
volunteers just prior to wine consumption and at 1, 3, 8, and 24 hours after consumption of 300
mL of red or white wine. Volunteers were put on a plant polyphenol-free diet 48 hours prior to
wine consumption to test the hypothesis that polyphenols in wine have a protective effect.
Lymphocytes were exposed to hydrogen peroxide and the frequency of micronucleated cells was
determined. Although an apparent protective effect was seen for both red and white wine, only
with white wine consumption was there a statistically significant (p = 0.0068) inhibition (> 70%)
of hydrogen peroxide-induced micronucleated cells observed one hour after consumption. In
contrast, there was no effect among samples taken before the polyphenol-free diet, immediately
before wine consumption, and 8 or 24 hours after wine consumption. The polyphenol effect is
unclear because the white wine had a much lower level of total polyphenols than the red wine.

SCE frequencies were slightly higher in mouse (NIH male) bone marrow cells, 24 hours
after i.p. inoculation with ethanol, tequila, or brandy (Pifia-Calva and Madrigal-Bujaidar, 1993).
Groups were inoculated with four doses of each liquid with the highest dose corresponding to
0.25-0.50% of a previously determined LDy,. All beverages at all doses, except ethanol at the
lowest dose, produced significant (p = 0.01) increases in SCE frequencies compared to distilled
water controls. With respect to cellular proliferation kinetics, no change was seen in the average
generation time (AGT) for the tested substances.

A study investigated alterations in the synaptonemal complex (SC) of mouse
spermatocytes after exposure of male mice to tequila and brandy (Pifia-Calva et al., 1997). Three
daily doses (1, 2, or 3 g/kg) of each beverage 20% diluted in distilled water were given by oral
intubation for 21 days. Distilled water was the negative control and cyclophosphamide (20
mg/kg) served as a positive control. Tequila (2 and 3 g/kg) and brandy (3 g/kg) induced a
significant (p = 0.05) increase in SC breaks.

The potential genetic toxicology of commercial beers was investigated using Chinese
hamster ovary (CHO) cells and observation of SCE, chromosomal aberrations, and
hypoxanthine-guanine phosphoribosyl transferase (HGPRT) mutation (Ivett et al., 1992).
Concentrated organic residues from aliquots of commercial beers were prepared from resin
extracted from a blend of four beers. For the SCE assay, cell cultures were treated with 0.75
uL/mL to 10 uL/mL of the extracts. The aberration assay used 1 pL/mL to 10 pL/mL, and the
forward mutation assay used 2.5 pL/mL to 20 pL/mL. The SCE assay showed a significant
increase in three of five samples without metabolic activation, but no increase after the addition
of S9. The chromosome aberration and forward mutation assays were negative with or without
metabolic activation of the extracts.

Several wines and a brandy were screened for potential genotoxicity with the Drosophila
wing Somatic Mutation and Recombination Test (SMART) (Graf et al., 1994). Drosophila
melanogaster larvae were fed three concentrations of each beverage for two durations and wing
spots on the progeny of certain crosses were examined. Ethanol and water were separate
controls. One of the five red wines showed significant genotoxic activity that was apparently
unrelated to ethanol content because ethanol alone did not have a genotoxic effect.
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6.0 OTHER RELEVANT DATA

6.1 Absorption, Distribution, and Metabolism in Humans and Experimental Animals
6.1.1 Absorption

Ethanol is absorbed from the gastrointestinal tract by simple diffusion (Wallgren and
Barry, 1970; cited by IARC, 1988). Absorption from the stomach and upper intestine occurs
within the first hour after ingestion (Halsted et al., 1973; cited by IARC, 1988). The absorption
rate is decreased by food in the intestine and by delayed gastric emptying, as shown in studies of
several animal species (Wallgren and Barry, 1970; cited by IARC, 1988).

A physiologically based pharmacokinetic model for ethanol absorption after inhalation by
mice, rats, and humans was developed and validated with experimental data (Pastino et al.,
1997). The model accurately predicted the blood ethanol concentrations in rats and mice
exposed to 50, 200, and 600 ppm for up to six hours and in humans exposed to various
concentrations of ethanol vapor for three hours.

6.1.2 Distribution

Animal studies show that, after diffusion into blood, ethanol is rapidly taken up into brain
tissue (Harger et al., 1937; cited by IARC, 1988), but distribution to resting skeletal muscle is
relatively slow (Harger and Hulpieu, 1956; cited by IARC, 1988). The rate of loss of ethanol
from blood follows zero-order kinetics after intravenous administration in several species
(Newman and Lehman, 1937; cited by IARC, 1988).

6.1.3 Metabolism

Ethanol is initially metabolized by oxidation to acetaldehyde through the alcohol
dehydrogenase pathway (Smith et al., 1973; cited by IARC, 1988). Acetaldehyde is further
metabolized to acetate by aldehyde dehydrogenase (Agarwal et al., 1981; cited by IARC, 1988).
The rate of ethanol metabolism varies among individuals because of differences in genetically
determined isoenzymes (Smith et al., 1973; cited by IARC, 1988). It has also been reported that
some Orientals have a reduced rate of acetaldehyde metabolism (Ijiri, 1974; cited by IARC,
1988). '

Acetaldehyde, the major intermediary metabolite of ethanol, is an animal carcinogen
(IARC, 1988). A number of studies report the presence of acetaldehyde in alcohol consumers.
Acetaldehyde was detected in the serum of Finnish women after intoxication (Fukunaga et al.,
1993; cited by Longnecker, 1995) and as a DNA adduct in alcoholics (Fang and Vaca, 1997).

Chronic ethanol consumption results in an increased rate of ethanol metabolism to
acetaldehyde (Nuutinen et al., 1984; cited by IARC, 1988), and enhances the metabolism of
many drugs and halogenated hydrocarbons (Zimmerman, 1986; cited by IARC, 1988).

6.2 Modification of Toxicokinetics/Dynamics of Carcinogens

It is well known that acute or chronic consumption of ethanol influences the metabolism
of other organic compounds, including drugs and some known carcinogens. The detection of
nitrosamines in the urine of volunteers given ethanol and amines indicates nitrosamine
metabolism is inhibited by ethanol (Eisenbrand et al., 1981; Spiegelhalder and Preussmann,
1985; both cited by IARC, 1988). When volunteers ingested ethanol immediately prior to
inhalation of trichloroethylene, trichloroethylene levels in plasma increased twofold and urinary
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excretion of a main metabolite (trichloroethanol) decreased (Miiller et al., 1975; cited by IARC,
1988). Chronic consumption of ethanol increased the metabolism of many drugs and
halogenated hydrocarbons to reactive intermediates (Zimmerman, 1986; cited by IARC, 1988)
and caused otherwise nontoxic doses of chemicals (e.g. acetaminophen) to become toxic (Seeff et
al., 1986; cited by IARC, 1988).

Reduced clearance of the nitrosamine NDMA with coexposure to ethanol was
demonstrated for mice (Anderson et al., 1994; cited by Anderson et al., 1995) and patas monkeys
(Anderson et al., 1992; cited by Anderson et al., 1995). Dose-dependent effects were observed
for several toxicokinetic parameters, including maximum blood concentration, mean residence
time, clearance, and area-under-blood-concentration vs. time curve (AUC) for the NDMA.

Hepatic pentobarbital hydroxylase activity in nonalcoholic volunteers doubled after 12
days of ethanol ingestion as 42% of total calories, suggesting an induction of cytochrome P450
(Rubin and Lieber, 1968; cited by IARC, 1988). Likewise, an increase in the smooth
endoplasmic reticulum of hepatic cells was observed in volunteers given ethanol as up to 46% of
total calories for 16-18 days (Lane and Lieber, 1966; cited by IARC, 1988). Studies with
alcoholics also reveal enzyme induction by ethanol, if liver function is uncompromised.
Increased levels of hepatic cytochrome P450 were detected in alcoholics with normal liver
histology, but not in alcoholics with hepatitis or cirrhosis (Pelkonen and Sotaniemi, 1982; cited
by IARC, 1988). Ethanol induced P450 enzymes in various animal tissues, including the liver,
lung, intestines, and esophagus (Farinati et al., 1989; Lieber et al., 1987; both cited by Garro and
Lieber, 1990).

The expression of a rat liver cytochrome P450 enzyme was reduced by chronic
administration of alcohol (van den Wiel et al., 1993; cited by Longnecker, 1995). One study
showed inductive and inhibitory effects of ethanol on hepatic mixed function oxidases in
hamsters (Ioannides and Steele, 1986; cited by Garro and Lieber, 1990). Ethanol was also shown
to be a competitive inhibitor of N-nitrosodimethylamine (DMN) demethylase activity in mice
(Anderson et al., 1986; cited by Garro and Lieber, 1990). Reduced clearance of NDMA in
experimental animals is consistent with competitive inhibition of P450 isoforms by ethanol
(Anderson et al., 1995).

6.3 Formation of DNA-Reactive Molecules and DNA Adducts

In addition to acetaldehyde, chronic ethanol exposure can result in the formation of other
DNA-reactive molecules, including oxygen radicals and lipid peroxidation products (Brooks,
1997; Garro and Lieber, 1990). Reactive oxygen intermediates, such as the hydroxyl radical,
were detected in microsome preparations from experimental animals chronically administered
ethanol. Lipid peroxidation products, produced from the reaction of oxygen intermediates and
cellular lipids, were also identified in the livers of experimental animals after chronic exposure to
ethanol. These molecules can produce DNA strand breaks, oxidative base damage, and form
adducts with miscoding potential. Although DNA repair mechanisms are operative in most cells,
chronic ethanol exposure places an additional burden on cells damaged during normal
metabolism.

A recent study reported detection of DNA adducts of acetaldehyde in peripheral white
blood cells of alcohol abusers (Fang and Vaca, 1997). Adduct levels in granulocyte and
lymphocyte DNA (measured by *’P-postlabeling using reversed-phase HPLC with on-line
detection of radioactivity) were seven and 13-fold higher in alcoholic patients than in controls (p
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<0.001). In alcoholic patients, the average adduct level in granulocyte DNA was 60% higher
than the level in lymphocyte DNA. Adduct levels in alcoholic patients indicated a large inter-
individual variation. “

NDMA-DNA adducts were increased in several tissues of patas monkeys given ethanol
just prior to treatment with NDMA (Anderson et al., 1995). The adducts were greatly increased
in tissues that are targeted in some human cancers, including the esophagus, ovary, and colon
mucosa. In another study, the in vivo formation of rat mammary DMBA-DNA adducts was not
influenced by chronic ethanol intake at 20% of calories before DMBA administration (Singletary
et al., 1991; cited by Singletary, 1997).

The formation of O-methyldeoxyguanosine (O°-MEdG) by the carcinogen N-
nitrosomethylbenzylamine (NMBzA) was influenced by co-exposure of rats to ethanol (Yamada
et al., 1992). Male Fischer rats were given a single intragastric dose of NMB2zA in tap water
containing 0-20% ethanol or in various alcoholic beverages adjusted to 4% alcohol. 0°%-MEdG
was increased in the esophagus, lung, and nasal mucosa of rats coadministered ethanol and
NMBzA. Esophageal O°-MEdG was increased in rats coexposed to NMBzA and various
alcoholic beverages (pear brandy, sake, farm-made calvados, gin, Scotch whisky, white wine,
Pilsner beer). Commercially distilled calvados and red burgundy wine produced significant
increases in esophageal O°-MEdG, indicating effects of ingredients other than ethanol in some
alcoholic beverages.

6.4 Cell Proliferation

The proliferation of cells from which mammary adenocarcinomas develop in rats was
increased by ethanol intake as 20-30% of calories (Singletary and McNary, 1994). Another
recent study investigated the effect of ethanol on the growth of human breast cancer cells in vitro
(Singletary and Yan, 1996; cited by Singletary, 1997). Fthanol at concentrations between 10-100
mM selectively stimulated the proliferation of estrogen receptor positive (ER+), but not estrogen
receptor-negative (ER-) cells