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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. The Centers for Disease Control and Prevention
(CDC) requested and funded this report. The reports and assessments provide organizations with
comprehensive, science-based information on common, costly medical conditions and new
health care technologies. The EPCs systematically review the relevant scientific literature on
topics assigned to them by AHRQ and conduct additional analyses when appropriate prior to
developing their reports and assessments.

To bring the broadest range of experts into the development of evidence reports and health
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review prior to their release.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.

We welcome comments on this evidence report. They may be sent by mail to the Task Order
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by E-mail to epc@ahrg.gov.
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Director Director and Task Order Officer
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Structured Abstract

Objectives: The purpose of this report is to systematically examine the possible causal
mechanism(s) that may explain the association between alcohol (ethanol) consumption and the
risk of developing breast and colorectal cancers.

Data Sources: We searched 11 external databases, including PubMed and EMBASE, for studies
on possible mechanisms. These searches used Medical Subject Headings and free text words to
identify relevant evidence.

Review Methods: Two reviewers independently screened search results, selected studies to be
included, and reviewed each trial for inclusion. We manually examined the bibliographies of
included studies, scanned the content of new issues of selected journals, and reviewed relevant
gray literature for potential additional articles.

Results:

Breast Cancer. Five human and 15 animal studies identified in our searches point to a connection
between alcohol intake and changes in important metabolic pathways that when altered may
increase the risk of developing breast cancer. Alterations in blood hormone levels, especially
elevated estrogen-related hormones, have been reported in humans. Several cell line studies
suggest that the estrogen receptor pathways may be altered by ethanol. Increased estrogen levels
may increase the risk of breast cancer through increases in cell proliferation and alterations in
estrogen receptors. Human studies have also suggested a connection with prolactin and with
biomarkers of oxidative stress. Of 15 animal studies, six reported increased mammary
tumorigenesis (four administered a co-carcinogen and two did not). Other animal studies
reported conversion of ethanol to acetaldehyde in mammary tissue as having a significant effect
on the progression of tumor development. Fifteen cell line studies suggested the following
mechanisms:

¢ increased hormonal receptor levels

e increased cell proliferation

e adirect stimulatory effect

e DNA adduct formation

e increase cyclic adenosine monophosphate (cAMP)
e change in potassium channels

e modulation of gene expression.

Colorectal Cancer. One human tissue study, 19 animal studies (of which 12 administered a co-
carcinogen and seven did not), and 10 cell line studies indicate that ethanol and acetaldehyde
may alter metabolic pathways and cell structures that increase the risk of developing colon
cancer. Exposure of human colonic biopsies to acetaldehyde suggests that acetaldehyde disrupts
epithelial tight junctions.



Among 19 animal studies the mechanisms considered included:
¢ mucosal damage after ethanol consumption
¢ increased degradation of folate
e stimulation of rectal carcinogenesis
e increased cell proliferation
¢ increased effect of carcinogens.

Ten cell line studies suggested:

e folate uptake modulation

e tumor necrosis factor modulation
¢ inflammation and cell death

¢ DNA adduct formation

e cell differentiation

e modulation of gene expression.

One study used a combination of animal and cell line and suggested intestinal cell proliferation
and disruption of cellular signals as possible mechanisms.

Conclusions: Based on our systematic review of the literature, many potential mechanisms by
which alcohol may influence the development of breast or colorectal cancers have been explored
but the exact connection or connections remain unclear. The evidence points in several directions
but the importance of any one mechanism is not apparent at this time.
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Executive Summary

Alcohol Consumption and Cancer Risk:

Understanding Possible Mechanisms for Breast
and Colorectal Cancers

The purpose of our assessment of alcohol and cancer induction is to explore the possible
underlying causal mechanism(s) of the association between alcohol consumption and breast and
colorectal cancers. Therefore, we developed four Key Questions that address the potential
mechanism(s) by which alcohol might be involved in the development of breast and colorectal
cancers. The primary evidence base to address these questions consisted of experimental studies
of humans, animals, and cell lines where alcohol exposure could be controlled. In addition to this
evidence base we also considered epidemiology studies where alcohol exposure was not
controlled (including those in patients with or without cancer) and hypothesis-generating studies
that examined potential metabolic pathways connecting alcohol to cancer risk. These studies
were considered in a separate evidence base that did not directly address the Key Questions.

Methods

The following Key Questions will be addressed in this report:

1. What are the likely causal mechanisms by which alcohol contributes to the development of
breast cancer? Which of the possible mechanisms (e.g., induction of P450 cytochromes and
carcinogen metabolism, effects on blood hormone concentrations, effect of acetaldehyde or
other alcohol metabolite on apoptosis and DNA repair, interactive effects on other
nutritional factors, or others) are likely to be most important in breast cancer development?

2. For the most likely mechanisms of action involving alcohol and the development of breast
cancer, how might other factors modify the effect of alcohol on breast cancer (for example,
age, latency of effect, intensity, duration, and recency of exposure, presence of co-
carcinogens, presence of threshold effect)? Do the causal mechanisms vary by cell type or
other tumor characteristics?

3. What are the likely causal mechanisms by which alcohol contributes to the development of
colorectal cancer? Which of the possible mechanisms (e.g., induction of P450 cytochromes
and carcinogen metabolism, effects on blood hormone concentrations, effect of acetaldehyde
or other alcohol metabolite on apoptosis and DNA repair, interactive effects on other
nutritional factors, or others) are likely to be most important in colorectal cancer
development?

4. For the most likely mechanisms of action involving alcohol and the development of
colorectal cancer, how might other factors modify the effect of alcohol on colorectal cancer
(for example, age, latency of effect, intensity, duration, and recency of exposure, presence of
co-carcinogens, presence of threshold effect)? Do the causal mechanisms vary by cell type
or other tumor characteristics?

To address these Key Questions we searched electronic databases for information on ethanol
consumption and the possible risks for breast and colorectal cancers. Thirty-five breast cancer



studies (five in humans, 15 in animals, and 15 in cell lines) and 31 colorectal cancer studies (one
in humans, 19 in animals, 10 in cell lines, and one combination [animal and cell lines]) were
included in the report. Information on study design and conduct was used to judge individual
study internal validity. Data on experimental model, mechanism(s) examined, amount and
duration of ethanol exposure, cancer formation, and intermediate outcomes were abstracted and
tabled for review and discussion.

Evidence for Alcohol Consumption and Cancer Risk:
Understanding Possible Mechanisms for Breast and
Colorectal Cancers

Breast Cancer Studies

Human studies. We included five studies to evaluate the possible mechanisms for alcohol
consumption and breast cancer risk: the first study examined effects of alcohol on estradiol,
estrone, estrone sulfate, testosterone, androstenedione, progesterone, dehydroepiandrosterone
(DHEA), DHEA sulfate (DHEAS), and androstenediol; the second study examined the effects of
alcohol on plasma and urinary hormone concentrations in premenopausal women; a third study
examined the effect of alcohol on prolactin levels in menopausal women using estradiol
replacement; a fourth study examined the effects of alcohol on estrogen levels in postmenopausal
women; and a fifth study examined the relationship of alcohol consumption with antioxidant
nutrients and biomarkers of oxidative stress. Although none of these five studies reported direct
evidence of cancer, we included them given that alcohol was administered to assess possible
hormonal mechanism(s) and biomarkers of oxidative stress.

Animal studies. We included 15 studies using animal models to evaluate the possible mechanisms
for alcohol consumption and breast cancer risk. Outcomes measured varied across studies. Of the 15
included studies, 14 reported on the type of mechanism(s) examined and one did not. The type of
mechanisms examined in the 14 studies included elevated levels of estrogen and or progesterone,
biotransformation to acetaldehyde, formation of deoxyribonucleic acid (DNA) adducts, elevation of
serum prolactin, suppression of cellular immunity, enhancement of rate of tumor progression, and effect
on DNA synthesis. Administration and duration of ethanol exposure varied across all studies. Studies also
varied on whether a carcinogen was administered to induce carcinogenesis. Of the 15 studies, 10 reported
the use of a carcinogen to induce cancer:

e dimethylene (a) anthracene [DMBA] (five studies)
e N-methyl-N-nitrosurea [MNU] (two studies)

e N-nitrosodimethylamine [NMDA] and 4-methylnitrosoamino-1-3-pyridyl-1-butanone
[NNK] (one study)

e MADBI106 [one study]

e bittner virus [one study].

Cell line studies. We included 15 studies using cell lines to evaluate the possible
mechanisms for alcohol consumption and breast cancer risk. Twelve studies administered
ethanol alone, and two studies administered ethanol combined with acetaldehyde. Cell lines
examined in the studies included:

e  MCF-7 (six studies)



MCEF-10F (two studies)

T4TD (one study)

MM46 tumor cells (one study)

MCF-7 + T47D (one study)

MCF-7 + T84 (one study)

MDA-MB-453 (one study)

MCF-7 + T47D + MDA-MB-231 (one study)

MCF-7 +ZR75.1 + BT-20 + MDA-MB-231 (one study).

Various mechanisms were reported by these studies: hormonal-related, DNA-adduct
formation, inflammation and cell death, cell differentiation, increase cyclic adenosine
monophosphate (cCAMP), change in potassium channels, and modulation of gene expression.

Colorectal cancer studies.

Human study. We included one study using human tissues to evaluate the possible
mechanism for alcohol consumption and colorectal cancer risk. The study exposed colonic
mucosa to acetaldehyde vapor. Although the study did not report direct evidence to show
causation of cancer, the authors concluded that acetaldehyde may cause an increase in risk of
colon cancer via loss of cell-cell adhesion.

Animal studies. We included 19 studies using animal models to evaluate the possible
mechanisms for alcohol consumption and colorectal cancer risk. Outcomes varied across all
studies. Of the 19 included studies, 17 reported on the type of mechanism(s) examined and two
did not. The type of mechanisms examined in the 17 studies included:

e cytochrome system expression

e generation of acetaldehyde

e DNA methylation

o effect of folate metabolism

e cell proliferation

e formation of acetaldehyde by human colonic bacteria
e local mucosal effect

e effect on various phases of carcinogenesis.

Administration and duration of ethanol exposure varied across all animal studies. Studies
also varied on whether a carcinogen was administered to induce carcinogenesis. Of the 19
studies, 12 reported the use of a carcinogen to induce cancer:

e 1,1-dimethylhydrazine (DMH) (six studies)
e methylazoxymethanol (MAM) acetate (one study)
e acetoxymethyl-methylnitrosamine (AMMN) (one study)

e AMMN + cyanamide (CY) (one study)
e azoxymethane (AOM) (three studies).



Cell line studies. We included 10 studies using cell lines to evaluate the possible
mechanisms for alcohol consumption and colorectal cancer risk. Cell lines examined in the
studies included:

e (Caco-2 (six studies)

HT-29 (one study)

colonic mucosa cells (one study)

Caco-2 + HT-29 (one study)

HT-29 + SW-1116 + HCT-15 (one study).

Various mechanisms were reported by these studies:
folate uptake modulation

tumor necrosis factor modulation

inflammation and cell death

formation of crosslinks with DNA

cell differentiation

modulation of gene expression.

Amount and duration of ethanol and/or acetaldehyde varied across all studies. Seven studies
administered ethanol alone, while three studies administered ethanol combined with
acetaldehyde.

Combination study (animal, cell line).We included one study that used a combination of
animal (mice) and cell line (Caco-2) to evaluate the possible mechanisms for alcohol
consumption and colorectal cancer risk. Intestinal cell proliferation as a result of
phosphatidylethanol accumulation was the examined mechanism. The animal study administered
ethanol, and the cell line study administered either ethanol or acetaldehyde. The primary
outcome reported was disruption of cellular signals.

Discussion

The relationship between alcohol consumption and the risk of breast and colorectal cancers
has been assessed in several systematic reviews and epidemiology studies (cohort and case-
control studies). In this report, we looked at the potential mechanism(s) connecting both breast
and colorectal cancers with alcohol consumption, under the assumption that there is a causal
relationship. Our report did not focus on such a causal relationship reported in epidemiology
literature where alcohol consumption was not under experimental control, but rather on potential
mechanism(s) in studies that administered either alcohol or acetaldehyde in the absence of
cancer. Only the human studies that actually administered ethanol regardless of experimental
model were abstracted and included in the primary evidence base to assess possible
mechanism(s). In addition, given that acetaldehyde is a metabolite of ethanol, we included
animal studies that administered either alcohol and/or acetaldehyde in our evidence base. In
humans, acetaldehyde levels in the blood are either very low or undetectable following alcohol
consumption. Epidemiology studies that administered survey questionnaires to assess alcohol
consumption and cancer risk and hypothesis-generating studies that examined potential pathways
connecting alcohol to cancer risk were included as a separate evidence base.

The majority of the animal studies that chemically induced tumors through the administration
of both alcohol and a carcinogen reported an increase in the carcinogenic effect; however,
these studies can only offer indirect evidence of a connection between alcohol consumption and



increased cancer risk in humans. Most of these studies varied in terms of quantity of ethanol and
timing of administration relative to the carcinogen that was used in the study to induce
carcinogenesis. Though some of the possible mechanisms identified in this report have been
evaluated in a variety of experimental models (i.e., human, animals, cell lines), others have
simply been examined as hypothesis generating and as such may call for future research.

Breast cancer. Both human and animal studies included in our primary evidence base point
to a connection between alcohol intake and changes in blood hormone levels, especially elevated
levels of estrogen and androgens in humans. Several cell line studies also suggest that estrogen
receptor pathways may be altered by ethanol. Increased estrogen levels may increase the risk of
breast cancer through increases in cell proliferation and alterations in estrogen receptors.
Elevation in prolactin levels were also examined in human and animal studies. While not as
extensive as the estrogen-related studies, these studies give some indication that alcohol
consumption may alter prolactin levels and increase the risk of developing breast cancer. In order
to report the role of oxidative stress in breast cancer, one human study measured changes in the
levels of serum biomarkers.

The formation of acetaldehyde after ethanol consumption and its involvement in breast
cancer has been examined in human epidemiology studies of enzyme polymorphism.
Polymorphism in the enzymes that metabolize ethanol may increase an individual’s exposure to
toxic metabolites such as acetaldehyde and influence cancer risk if acetaldehyde is involved in
breast cancer development. In animal studies, conversion of ethanol to acetaldehyde in mammary
tissue has been reported to have a significant effect on the progression of tumor development.
Events downstream from acetaldehyde are likely being altered by the presence of acetaldehyde
and may lead to enhanced tumor development.

Enhancement of cell proliferation and tumor progression related to ethanol consumption and
conversion to acetaldehyde were examined in animal and cell line studies. The findings of these
studies suggest that alterations in cell proliferation due to alcohol exposure may be a possible
mechanism increasing breast cancer risk.

Colorectal cancer. One human study reported that acetaldehyde disrupts epithelial tight
junctions and cell adhesion. Several animal studies also looked at the effects of acetaldehyde in
the colon and reported the following: mucosal damage after ethanol consumption, increased
degradation of folate, stimulation of rectal carcinogenesis, and an increased effect of carcinogens
in the presence of acetaldehyde. In cell line studies, acetaldehyde exposure was reported to
influence the initial steps of colonic carcinogenesis and later tumor development and decrease
the activity of some brush border enzymes. Finally, a study using human tissue, animal tissue,
and a cell line found evidence that acetaldehyde stimulates cell proliferation in intestinal crypt
cells and therefore acetaldehyde may act as a cocarcinogen in the colon. These studies (human,
animal, and cell line) combine to suggest that acetaldehyde production in the colon may provide
a potential causal mechanism by which alcohol contributes to the development of colon cancer.

An effect of ethanol consumption on cell proliferation in the colon was investigated in a
combination study (animal and cell line). In this study, chronic alcohol exposure resulted in
disruption of signals that normally restrict proliferation in highly confluent intestinal cells,
thereby facilitating abnormal intestinal proliferation. Several animal studies reported enhanced
growth of mucosal tissue after chronic ethanol consumption. Cell studies indicate that exposure
to ethanol and acetaldehyde increases cell proliferation and damages DNA which may contribute
to cancer development. Together these studies suggest that ethanol and acetaldehyde exposure in



the colorectal mucosa may increase cell proliferation and be a potential mechanism connecting
alcohol consumption to colorectal cancer risk.

Conclusions

Based on our systematic review of the literature, many potential mechanisms by which
alcohol may influence the development of breast or colorectal cancers have been explored but
the exact connection or connections remain unclear. The evidence points in several directions but
the importance of any one mechanism is not apparent at this time. Several mechanisms have
been proposed and human, animal, and cell line studies have provided evidence in support of
several mechanisms, but the findings have been inconsistent. The diversity of experimental
protocols among the studies included in this report could have contributed to the lack of
consistency. Furthermore, variation across included studies for both the route of administration
and amount of ethanol may have influenced results. Based on animal studies alone, researchers
may be inclined to infer a causal link between alcohol and the risk of breast or colorectal cancers.
In addition, although a majority of the epidemiology studies reported that alcohol increased the
risk of both breast and colorectal cancers, we cannot discount uncontrolled confounding by diet
and related lifestyles.
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Chapter 1. Introduction
Scope

The purpose of this report is to systematically and objectively synthesize evidence from the
basic science literature to clarify the possible causal mechanisms by which alcohol may
contribute to cancer risk, focusing on the induction and development of breast cancer and
colorectal cancer under the assumption that there is a causal relationship. Therefore, the primary
evidence base for this report consists of studies that administer ethanol or acetaldehyde to
humans, animals, tissues, or cells and then look for the development of breast or colorectal
cancer, or for changes in metabolic pathways and cellular structures that may increase the risk
for developing these cancers. Case-control and other epidemiology studies are not included in the
primary evidence base for assessment of possible mechanisms. However, such studies may
provide insight into the dose/response relationship between alcohol consumption and cancer risk.

Apart from alcohol (i.e., ethanol) and water, the exact composition of most alcoholic
beverages (e.g., beer, wine, or distilled spirits) on the market remains confidential proprietary
information.' Therefore, the scope of this report is limited to ethanol. Other compounds (or
contaminants) found in various alcoholic beverages that may play a role in the development of
breast and colorectal cancers are outside the scope of this report. These compounds include
nitrosamines, aflatoxins, polyphenols, ethyl carbamate (urethane), asbestos, and arsenic
compounds.'™

In addition, studies that evaluated tumor progression or metastatic spread of either breast or
colorectal cancer during alcohol consumption are outside the scope of this report because they
are not examining the mechanisms underlying the association of alcohol and the risk of
developing cancer.

Ethanol Metabolism

Orally-ingested ethanol from an alcoholic drink is rapidly and almost completely absorbed by
the stomach, small intestines, and colon. The bioavailability of ethanol, the fraction of the
ingested dose that reaches the systemic circulation, is about 80%.> Therefore a large portion of
ingested ethanol reaches the circulation (i.e., blood alcohol concentration) and is distributed to all
body tissues including the breast, colon, and rectum. Blood alcohol concentration, however, may
vary depending on the rate of gastric emptying and degree of metabolism during this first pass
via the stomach and liver (i.e., first-pass metabolism of ethanol).®®

Ethanol is metabolized in the body by two pathways (i.e., oxidative and nonoxidative).®
However, the nonoxidative pathway is minimal compared to the oxidative pathway.® The liver
is the major organ for the oxidative metabolism of ethanol.”'® Ethanol is converted into
acetaldehyde by cytosolic alcohol dehydrogenase (ADH).” ! Due to variation in gene encoding
there are multiple isoenzymes of ADH that vary in their enzyme activity (ADH1A, ADH1B*1,
ADHI1B*2, ADHIB*3, ADHIC*1, ADH1C*2, ADH4, ADH5, ADH6, and ADH7).>*!!-7
The ADH1B*2 is lower in frequency amongst Caucasians and higher among Asians and is about
40 times more active compared to the ADHIB*1 in the conversion of ethanol to acetaldehyde.'®
ADHI1C*1 is very common in Asians, and metabolizes ethanol 2.5 times faster compared to
ADH1C*2."%"” Among individuals who consume alcohol, ADHIC*1, a fast-acting metabolizer



of ethanol, results in accumulation of acetaldehyde. As a result of increased levels of
acetaldehyde, these individuals may experience uncomfortable side effects, and may well have a
tendency to consume less alcohol."" The genetic polymorphism of ADH leads to differences in
individual ethanol metabolism and individual differences in the susceptibility to alcohol-related
tissue damage.®'®

Acetaldehyde, a metabolite of ethanol, is further metabolized to acetate primarily by
mitochondrial aldehyde dehydrogenase (ALDH2).”!" ALDH2 accounts for the greater part of
acetaldehyde breakdown and exists as ALDH2*1 and ALDH2*2. Individuals with ALDH2*2
have blood acetaldehyde levels 20 times higher compared to those with ALDH2*1.'®
Acetaldehyde is a highly toxic metabolite that binds to many cellular proteins and may be
responsible for damage in the liver as well as other body tissues.® It binds to deoxyribonucleic
acid (DNA), resulting in the formation of a DNA adduct which may influence cancer
development.™"! Presence of a DNA adduct is a sign of exposure to specific cancer-causing
agent, and is indicative of growing damage to the DNA.*'"*'* Acetaldehyde is a cancer-causing
agent in animals.'*

During each oxidative process, nicotinamide adenine dinucleotide (NAD") is reduced to
NADH. In the liver, ethanol metabolism also involves microsomal cytochromes P450 2E1
(CYP2E1)." This pathway produces reactive oxygen species (ROS) such as superoxide anions
and hydroxyl radicals which may increase the risk of tissue damage.*™"!

Nonoxidative metabolism of alcohol involves two pathways.® One pathway results in the
formation of fatty acid ethyl esters and the other the formation of phosphatidyl ethanol.*”

ADH is present in the human colonic mucosa as well as in the microflora inhabiting the
colon, and ethanol is metabolized to acetaldehyde by ADH in both of these locations.***!

ADH activity is significantly higher in the mucosa of the rectum than the colon.”' Aldehyde
dehydrogenase activity is much greater in the liver than in the colonic mucosa, which favors the
accumulation of acetaldehyde in the colon.?® Breast tissue contains ADH and CYP2E1."" Breast
tissue converts ethanol to acetaldehyde which is then metabolized to acetate by xanthine
oxidoreductase.

Alcohol and Cancer

Fewer than 10% of cancers can be attributed to an inherited genetic abnormality.** The
majority of cancers are the result of changes in the gene structure due to the loss of control
mechanisms that prevent cancer development.** Control mechanisms that may be altered during
cancer development are: 1) tumor suppressor genes that lose their function causing a disruption
in cellular adhesion and abnormal cell cycle progression, 2) DNA repair enzymes that become
nonfunctional due to distorted methylation, and 3) proto-oncogenes that mutate into oncogenes.”

The course by which normal cells are transformed into cancer cells is termed carcinogenesis
(see Figure 1).>'* When administered in combination with a recognized carcinogen, ethanol or
its metabolite (acetaldehyde) produces reactive oxygen species (ROS).'* ROS may increase the
transformation of normal cells into cancerous cells in various organs by inhibition of DNA
methylation as well as by interacting with metabolism of retinoids.*'*'***** Alcohol and its
metabolites have been implicated in all three stages of cancer formation (see the asterisks in
Figure 1); 391113142425
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initiation stage by impact on DNA repair

promotion stage by altered gene expression, enhanced cell division, suppression of
immune response, and change in metabolism of vitamin A

progression stage by expression of oncogenes, exchange of DNA between chromosomes,
and additional mutations.
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Figure 1. Three stages of carcinogenesis
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Alcohol consumption is highly prevalent in the general U.S. population. The 2008 prevalence
and trends data from the Behavioral Risk Factor Surveillance System indicate that about 54% of
U.S. adults consumed alcohol within the past 30 days.?” Though moderate alcohol consumption
may have some potential health benefits, alcohol consumption has been identified as one of the
major worldwide risks for burden of disease.” In the U.S., a standard drink is 12 fl oz (beer),

8 fl 0z of malt liquor, 5 fl oz (wine), and 1.5 fl 0z (80% proof distilled spirit).>’* Each is
equivalent to 0.6 fluid ounces (12-14 g) of ethanol.”’>* Moderate daily alcohol consumption in
the U.S. for men is two drinks and for women is one drink.>* However, variations have been
reported worldwide in the definition of what is moderate for men and women.”

Several epidemiology studies have reported moderate to strong associations between the
level of alcohol consumption and the incidence of cancers of the mouth, pharynx, larynx,
esophagus, and liver.>****2* Although the association between alcohol and breast and colorectal
cancer is comparatively less strong than the association with these other cancers, given the high
prevalence and incidence of breast and colorectal cancer, reducing the effect of any contributing
factor may have a large overall impact on cancer incidence and prevalence.’*********! Observed
associations of alcohol consumption and cancer, however, can be confounded by other risk
factors for cancer, such as age, smoking, family history, obesity and physical activity, race or
ethnicity, and nutrition.'****** Because of the high prevalence of alcohol consumption,
exploring the potential underlying mechanism(s) of the association between alcohol consumption
and breast and colorectal cancers, if any, is essential in developing primary preventive measures.
In view of the fact that alcohol consumption is a modifiable behavior,* recommending and
promoting changes in behavior and appropriate preventive interventions may help reduce cancer
risks in the general population.

Breast Cancer

According to the US National Cancer Institute (NCI), breast cancer is the most common
cancer among women.*® In 2009, it was anticipated that of the 192,370 women who were
diagnosed, 40,170 would die of breast cancer.*® Risk factors include family history, age at first
birth, obesity in post menopausal women, dietary factors, alcohol consumption, early menarche,
hormonal replacement therapy, low-dose irradiation, and lactation.'®*® Estrogen-induced breast
cancer may result from cell proliferation, activation of cytochrome P450, and DNA damage.'’
Cell proliferation is significant in the maintenance of normal and healthy breast tissue and these
risk factors may alter cell proliferation in a direction that favors cancer development.
Furthermore, enzyme polymorphism affects alcohol metabolism and could influence the effect of
alcohol consumption on hormonal levels, thereby resulting in an increased risk of breast
cancer.”° Among patients diagnosed with breast cancer, unregulated breast epithelial cell
growth has been reported.”’ Alcohol consumption has been investigated as a risk factor in the
development of breast cancer. In a 2006 meta-analysis of 98 studies of alcohol and breast cancer,
Key et al. reported that each additional 10 g ethanol/day resulted in a 10% increase in the odds
ratio (OR) of risk of breast cancer associated with alcohol consumption.>>
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Colorectal Cancer

Of the estimated 75,590 men and 71,380 women diagnosed with colorectal cancer,
49,920 men and women were expected to die of the disease in 2009.>> Among adults with
cancer, colorectal cancer is the second most common cause of death.>* Risk factors
include;!>14:33-5%

e age

e smoking

e low fiber diet

e high red meat/low fish intake

¢ inadequate intake of folate, B6 and retinoids

e obesity

e lack of physical activity

e low calcium intake

e alcohol (heavy consumption)

e an increase in colonic acetaldehyde level concentration

e chronic ulcerative colitis

e granulomatous colitis

e adenomatous polyps

In addition, following alcohol consumption, intracolonic ethanol is metabolized by colonic
mucosal cells and intracolonic microbes. The risks of colorectal cancer development associated
with alcohol consumption have been examined in epidemiology studies. In a 2004 meta-analysis
of eight studies, Cho et al. reported that daily consumption of more than 45 g of alcohol
increased the risk of colorectal cancer by 45%.°° In addition, Homann et al. in a 2009 study

reported that individuals with ADH1C1*1 homozygosity and consumption of more than 30 g of
alcohol per day have significant increase risk of colorectal cancer."
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Chapter 2. Methods

Technical Expert Panel

ECRI Institute, in consultation with AHRQ, recruited a technical expert panel (TEP) to give
input on key steps including the selection and refinement of the questions to be examined. Broad
expertise and perspectives were sought. Divergent and conflicted opinions are common and
perceived as healthy scientific discourse that results in a thoughtful, relevant systematic review.
Therefore, in the end, study questions, design and/or methodologic approaches do not necessarily
represent the views of individual technical and content experts. The expert panel membership is
provided in the front matter of this report.

ECRI Institute created a protocol for developing the evidence report. The process consisted
of working with AHRQ and the TEP to outline the report’s objectives and to finalize Key
Questions for the review. These Key Questions are presented in the Scope and Key Questions
section of the Introduction. Upon AHRQ approval, the draft protocol was posted on the AHRQ
Web site at http://www.ahrq.gov/clinic/tp/alccantp.htm.

Peer Review and Public Commentary

A draft of the completed report was sent to the peer reviewers and the representatives of
AHRQ. In response to the comments of the peer reviewers, revisions were made to the evidence
report, and a summary of the comments and their disposition was submitted to AHRQ. Peer
reviewer comments on a preliminary draft of this report were considered by the EPC in
preparation of this final report. Synthesis of the scientific literature presented here does not
necessarily represent the views of individual reviewers.

Key Questions

The purpose of our assessment of the basic science literature concerning alcohol and cancer
induction is not to determine the extent to which alcohol is a risk factor for breast and colorectal
cancers, but instead to explore the evidence suggesting possible underlying causal mechanism(s)
of the association between alcohol consumption and breast and colorectal cancers (see broken
arrows from alcohol to cancer induction in Figure 2 and Figure 3). Therefore, we developed four
Key Questions that address the potential mechanism(s) by which alcohol might be involved in
the development of breast and colorectal cancers.

Key Question 1. What are the likely causal mechanisms by which alcohol contributes to the
development of breast cancer? Which of the possible mechanisms (e.g., induction of P450
cytochromes and carcinogen metabolism, effects on blood hormone concentrations, effect of
acetaldehyde or other alcohol metabolite on apoptosis and DNA repair, interactive effects on
other nutritional factors, or others) are likely to be most important in breast cancer
development?

Key Question 2. For the most likely mechanisms of action involving alcohol and the
development of breast cancer, how might other factors modify the effect of alcohol on breast
cancer (for example, age, latency of effect, intensity, duration, and recency of exposure, presence
of co-carcinogens, presence of threshold effect)? Do the causal mechanisms vary by cell type or
other tumor characteristics?
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Key Question 3. What are the likely causal mechanisms by which alcohol contributes to the
development of colorectal cancer? Which of the possible mechanisms (e.g., induction of P450
cytochromes and carcinogen metabolism, effects on blood hormone concentrations, effect of
acetaldehyde or other alcohol metabolite on apoptosis and DNA repair, interactive effects on
other nutritional factors, or others) are likely to be most important in colorectal cancer
development?

Key Question 4. For the most likely mechanisms of action involving alcohol and the
development of colorectal cancer, how might other factors modify the effect of alcohol on
colorectal cancer (for example, age, latency of effect, intensity, duration, and recency of
exposure, presence of co-carcinogens, presence of threshold effect)? Do the causal mechanisms
vary by cell type or other tumor characteristics?

Analytical Framework

Figure 2 for breast and Figure 3 colorectal cancer portray analytical framework that visually
describe the potential links in a chain of evidence that connect alcohol to breast and colorectal
cancers. Contained within the framework are the Key Questions being addressed by this report
and the potential areas of study (humans, animals, tissues, cells, ethanol and its metabolites) that
can be manipulated to examine the assumed connection between alcohol consumption and an
increased risk of developing breast or colorectal cancer.

Figure 2. Analytical framework for breast cancer
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Figure 3. Analytical framework for colorectal cancer

Otherrisk | kQ4

7777777777777777777777

factors

Whole Human or Animal .
HUWT]iTeor » Isolated Organs and KO3 Cancer induction, Colorectal
. Cells —»| Alcohol [---—-—--"%=--——-—— - promotion or Cancer
Animal progression
; *
Alcohol | |
metabolites
Cell lines

KQ: Key Question
KQ 3: effect of alcohol on stages of carcinogenesis
KQ 4: effect of alcohol and other risk factors on stages of carcinogenesis

Identification of Clinical Studies

The studies included in the primary evidence base for this technology assessment were
identified using a multi-staged study selection process, and were based on inclusion criteria that
were determined a priori, after the creation of the Key Questions and before any detailed
examination of the literature base. Use of @ priori inclusion criteria reduces the risk of bias
because the decision to include or exclude each study is independent of the results of the study.
In the first stage of the selection process, we performed a comprehensive literature search using
broad criteria. In the second stage, we retrieved all articles that appeared to meet the a priori
inclusion criteria, based on their published abstracts. In the final stage of the study selection, we
reviewed the full text of each retrieved article, assessed its internal validity, and verified whether
or not it met the a priori inclusion criteria.

Electronic Database Searches

We searched 11 external databases, including PubMed and EMBASE, for studies on possible
mechanisms of alcohol and breast and colorectal cancer development (i.e., initiation, promotion,
and progression) to identify evidence relevant to the Key Questions 1-4 using Medical Subject
Headings and free text words. Additionally, we used some of the search terms and sources that
were suggested by the Technical Expert Panel members on October 28, 2009. Two reviewers in
the investigative team independently screened search results, selected studies to be included and
reviewed each trial for inclusion. To supplement the electronic searches, we manually examined
the bibliographies of included studies, scanned the content of new issues of selected journals, and
reviewed relevant gray literature for potential additional articles. Gray literature includes reports
and studies produced by local government agencies, private organizations, educational facilities,
and corporations that do not appear in the peer-reviewed literature. Although we examined gray
literature sources to identify relevant information, we only consider published, peer-reviewed
literature in this report. During the peer review process, any new studies or data recommended
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were subjected to the same inclusion and exclusion criteria. A complete list of the databases
searched and the search strategy used to identify relevant studies are presented in Appendix A.

Study Selection

Use of explicit inclusion criteria, decided upon before any data have been extracted from
studies, is a vital tool in preventing reviewer biases. Some of the a priori criteria are based on
study design, and other criteria ensure that the evidence is not derived from unusual patients or
interventions, and/or outmoded technologies. We developed the same inclusion criteria for each
Key Question that this report addresses.

Criteria for Inclusion/Exclusion of Studies in the Review

We used the following formal criteria to determine which studies were included in the
primary evidence base that addresses each Key Question. These studies are primarily
experimental studies where the exposure to ethanol or acetaldehyde could be controlled and
precise biochemical measurements could be made.

1. Any study, regardless of design, that provides data on the possible causal mechanism(s)
of any association between alcohol consumption and the development of breast and
colorectal cancers in any population setting, including humans, animals, and in vitro
experimental studies.

2. In order to assess the outcome measure of carcinogenesis, there must be no breast or
colorectal cancer present in human and animal studies prior to the start of the study.

Cell lines should be appropriate to the study of breast and colorectal cancers in humans.

4. Studies that report on metastatic lesions or tumor invasion were excluded because they
do not discuss the likely causal mechanism(s) of the tumor at the primary site (breast or
colorectal).

5. When the same study was published more than once, we used the data from the most
recent publication. However, if the older report had provided data that was not provided
by the most recent report, we included such data.

6. Studies must have administered ethanol. Studies that administered alcoholic beverages
such as beer or malt liquor were excluded given that the exact composition of such drinks
remains confidential.

Studies that did not specifically control alcohol exposure were also considered in this report
but were not included in the primary evidence base addressing the Key Questions. Hypothesis-
generating studies examining metabolic pathways that may connect alcohol to cancer risk and
epidemiology studies of alcohol exposure (including those in patients with or without cancer)
were incorporated into the report in order to review and discuss this literature for comparison
with our primary evidence base from experimental studies.

Literature Review Procedures

The abstracts for all identified documents were downloaded into the Mobius Analytics SRS
4.0 Web-based system for conducting systematic reviews. Using this system, we assessed
abstracts in order to either include or exclude identified documents based on our inclusion
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criteria. If the abstract was missing or had insufficient information to make a decision on
inclusion we ordered the full article. Full articles were then retrieved for review and
categorization using Web-based forms. The Web-based system provided a structured framework
to build and manage the numerous documents identified by our searches.

The review process underwent four levels:

e Level 1 - Abstract Review

e Level 2 - Full Document Review

e Level 3 - Background Document Review

e Level 4 — Evidence Base Document Review.

Each level has an electronic form for capturing data about each document identified in our
searches (see Appendix B for sample data abstraction forms).

Data Abstraction and Data Management

All documents that were identified as belonging in the evidence base of the report underwent
data abstraction using EXCEL spreadsheets. Table B-1 in Appendix B provides a list of the data
abstracted from each study and placed in to a separate column in the spreadsheet. Some of the
columns were modified depending on whether a study examined humans, animals, or cell lines.
The information in the spreadsheets was later used to create the evidence tables in this report.

Disposition of the Documents Identified by Literature Searches

The SRS Web-based system allowed us to track all identified documents along with their
complete citation. Literature searches were updated periodically and the new documents were
added to the system and reviewed. Using the information contained in the SRS database we were
able to create Figure 4 to illustrate an attrition diagram as well as separate tables that show the
disposition of the documents identified by our literature searches. A total of 819 documents were
identified by our searches. After review of the abstracts and then full documents, we included
264 documents for discussion within the report. Of these 264 documents, 66 met the
requirements for the primary evidence base because they addressed one of the Key Questions.
An additional 197 documents were included because they addressed issues related to alcohol and
breast or colorectal cancer risk.
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Figure 4. Disposition of the documents identified by literature searches

819 Documents
identified

359 Documents
excluded at the
abstract level

Abstracts
screened

460 Full documents
retrieved

Full
documents

196 Documents
excluded at the full
document level

264 documents to be 198 Documents that examined

included in the report alcohol and cancer risk but did not
specifically address the key
questions:

14 Systematic reviews

(8 breast cancer, 6 colorectal cancer)
165 Epidemiology studies of alcohol
and cancer

(47 breast cancer, 118 colorectal
cancer)

19 Hypothesis generating studies

(8 breast cancer, 11 colorectal cancer)

Full documents
for inclusion in the
evidence base

66 Studies addressing the Key Questions, this constitutes the
primary evidence base of the report:

6 Human studies (5 breast cancer, 1 colorectal cancer)

34 Animal exposure (15 breast cancer, 19 colorectal cancer)

25 Human cell lines (15 breast cancer, 10 colorectal cancer)
1 Combination [animal/cell line] on colorectal cancer

20



Assessing the Evidence for Each Key Question
Assessment of Internal and External Validity

A critical part in the process of creating a systematic review is assessing the validity of the
results reported in each included study in the review. The validity of individual study results is
determined in the context of the Key Questions these studies address. Internal validity is the
extent to which a study’s design and conduct are likely to have prevented bias and produced
results that describe a true relationship.”

The members of the Technical Expert Panel proposed several methods for evaluating the
internal validity of studies using animals, tissues, or cells as the primary experimental model.

e Evidence from experimental studies offer the most compelling evidence that a
mechanism/pathway is directly involved in increasing cancer risk with alcohol intake.

e Use of alcohol concentration levels in animal studies that far exceed levels that occur
in humans are considered of low applicability.

e Cell lines should be appropriate to the study of breast and colorectal cancer in
humans.

To ultimately establish the presence of a contributory cause between alcohol consumption
and breast or colorectal cancer, the following criteria have to be fulfilled: association, exposure
prior to the association, and demonstration that changing the cause alters the effect.'***%

Other supportive criteria such as strength of association, consistency of association, biological
plausibility, and a dose-response relationship can be used to establish contributory cause.’**?

For this systematic review, we applied the “direct” vs. “indirect” evidence concept.64 Direct
assessment measures are those which provide direct evidence that alcohol causes either breast or
colorectal cancer. Such evidence as shown in Figure 1 may confirm the steps during cancer
formation and possible sites of action of alcohol thus demonstrating a contributory cause.

Indirect measures typically focus on predictors that are correlated to carcinogenesis, but

do not measure actual causation. Some of the most common indirect assessment measures
include:310-13.14.18:41.55.65-81

e increased androgen and estrogen concentration

e inactivation of the BRCAI gene

e formation of new capillaries (angiogenesis)

e depletion of s-adenosylmethionine (SAM)

e Jow iron levels, low folate and vitamin B, levels
e induction of epidermal growth factor

e increase in tumor necrosis factor-alpha receptor
e acetaldehyde formation by colonic bacteria

e induction of CYP2E1

e impairment of retinoic acid
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e generation of reactive oxygen species and reactive nitrogen species
e immune suppression (effects on peripheral T- and B-lymphocytes)
e increase in cell membrane permeability

e interference with DNA repair (acetaldehyde-DNA adducts)

e increased levels of biomarkers of oxidative stress.

Because of the focus on the how and why of causation of cancer, indirect measures are
critical in our efforts to improve the evidence of direct causation in ongoing and future research
of possible causal mechanisms explaining the increased risk of breast and colorectal cancer with
alcohol consumption.

For this report, experimental studies that show direct evidence were treated as stronger
evidence than studies of association which only showed indirect evidence. The strength of
evidence supporting each proposed mechanism relating alcohol intake to the development of
breast or colorectal cancer were categorized as either “Sufficient” or "Insufficient.” Three
domains were evaluated: the potential risk of bias, or “internal validity” of the evidence base, the
size of the evidence base (number of studies examining any one proposed mechanism), and the
consistency of the findings (agreement across studies examining the same proposed mechanism).

External validity is the extent to which the findings and conclusions from a study or report
can be translated to a specific setting or population (i.e., genelralizability).59 Generalizability is
always strongest when results are collected in the specific setting or population of interest.
However, clinical studies often cannot be conducted in such a setting or population, and results
are instead collected from a more rigidly defined and less generalizable patient population.
Human studies have more external validity than animal or cell line studies.

Data Synthesis

No meta-analyses were planned for this report. Given that this systematic review is
hypothesis-summarizing and generating, we present a narrative summary of the findings based
on the number of different mechanisms proposed and the studies showing support or lack of
support for each mechanism.

Assessment of Internal Validity of Breast and Colorectal
Studies

Internal validity, especially in the context of clinical studies, is the extent to which a study’s
design and conduct are likely to have prevented bias.”™* However, in the context of this report,
which is assessing the results of human, animal and in vitro studies, we defined internal validity
as the extent to which a direct relationship can be seen between the result of a given study and an
increase in the risk of developing breast or colorectal cancer following ethanol consumption.
Although we believe that the included studies are valid in design and outcomes measured for
their intended purpose, we needed a measure of internal validity that was relevant to the
connection between study results and cancer risk in humans. Therefore we considered human
studies that administered alcohol having a higher internal validity than animal or in vitro studies.
Animal studies that administered alcohol and did not use any known co-carcinogen were
considered as having a higher internal validity (more direct relationship to an increase in cancer
risk) than studies that administered a carcinogen. Studies that administered acetaldehyde or
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known carcinogens were considered as having lower internal validity and a less direct
relationship with an increase in cancer risk in humans who consume alcohol.

Assessment of External Validity of Breast and Colorectal
Studies

In our report we did not identify any studies using human subjects that directly assessed the
possible mechanism(s) associated with risk of breast cancer following alcohol consumption.
However, we did identify one human study that indirectly reported on colorectal cancer risk
association with alcohol consumption: exposure of colonic biopsy tissues to acetaldehyde.*

For the animal studies, generalizability may be compromised by administering ethanol
concentrations that far exceed levels suitable for human consumption, by administering
acetaldehyde, and by co-administering a known carcinogen.”>**** Therefore, the results of these
studies may not be directly applicable to human settings.
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Chapter 3. Results

Evidence Base Describing Possible Mechanisms Connecting
Alcohol Consumption and Breast Cancer Risk

Human Studies

We included five studies (see Table C-1 in Appendix C) that evaluated the possible
mechanisms connecting alcohol consumption and breast cancer risk: the first study examined
effects of alcohol on estradiol, estrone, estrone sulfate, testosterone, androstenedione,
progesterone, dehéydroepiandrosterone (DHEA), DHEA sulfate (DHEAS), and androstenediol;*
the second study™ examined the effects of alcohol on plasma and urinary hormone
concentrations in premenopausal women; the third study®’ examined the effect of alcohol on
prolactin levels in menopausal women using estradiol replacement; the fourth study88 examined
the effects of alcohol on estrogen levels in postmenopausal women; and the fifth study’®
examined the relationship of alcohol consumption with antioxidant nutrients and a biomarker of
oxidative stress. Although none of these five studies reported direct evidence of cancer, we
included them because alcohol was administered to examine alterations in hormonal
mechanism(s) and biomarkers of oxidative stress that have been suggested to be linked to the
development of breast cancer. Four studies®  reported increased serum hormonal levels and
one study76 reported an increase in isoprostane levels, a biomarker of oxidative stress. Table C-1
in Appendix C provides a summary of study design, mechanisms examined, amount and duration
of ethanol or acetaldehyde exposure, study results, and authors’ conclusions.

In the study by Dorgan et al., 51 healthy postmenopausal women consumed 15 or 30 grams
of alcohol per day or an alcohol-free placebo beverage through three 8-week dietary periods.
Each dietary period was preceded by a 2- to 5-week washout period when participants did not
consume any alcohol. The results showed an increase in serum levels of both estrone sulfate and
DHEAS. While this study did not report any direct evidence to show causation of cancer, Dorgan
et al. concluded that results suggest a possible mechanism by which consumption of one or two
alcoholic drinks per day by postmenopausal women could increase their risk of breast cancer.®
In the second study Reichman et al. examined 34 premenopausal women who consumed 30 g of
ethanol daily for three menstrual cycles and no alcohol during three other cycles.*® The results
showed an increase in plasma DHEA sulfate, plasma estrone, plasma estradiol, and urinary
estradiol. Reichman et al. concluded that these results suggest a possible mechanism between
alcohol consumption and risk of breast cancer again because of changes in hormone levels.™
In the third study, Ginsburg et al.*” conducted two randomized, crossover studies in post
menopausal women: study 1 administered ethanol (1 mL/kg, 95% ethanol) vs. isocaloric drink;
study 2 was similar to study 1 except authors removed transdermal estradiol patches after
administration of either ethanol or isocaloric drink. In both crossover studies, Ginsburg et a
reported an increase in serum prolactin levels. In the fourth study Ginsburg et al.* administered
ethanol (pineapple juice and 40% ethanol at a dose of 2.2 mL/kg of body weight [0.7 g/kg of
body weight] in a total volume of 300 mL) vs. placebo to 24 postmenopausal women and
reported a 3-fold increase in circulating estradiol levels in women on estrogen replacement
therapy (ERT). In the fifth study Hartman et al.”® administered a controlled diet plus each of
three treatments (15 or 30 g alcohol/day or no-alcohol placebo beverage) to 53 postmenopausal
women, during three 8-week periods in random order and reported that moderate alcohol
consumption increased isoprostane, a biomarker of oxidative stress by 4.9%.
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Animal Studies

We included 15 studies using animal models to evaluate possible mechanisms connecting
alcohol consumption with breast cancer risk (see Table C-2 in Appendix C). Of the 15 included
studies, 14 reported on the mechanism(s) and one’' did not. The mechanisms examined in the
14 studies were:

e clevated levels of estrogen and or progesterone’ "

e Dbiotransformation to acetaldehyde’

e formation of DNA adducts”®

. . 97,08
e clevation of serum prolactin”"

e suppression of cellular imrnunity99

. 100-1
e enhancement of rate of tumor progression' %

e effect on DNA synthesis'**'*

Administration and duration of ethanol exposure varied across studies. Studies also varied on
whether a carcinogen was co-administered to induce carcinogenesis. Of the 15 studies,
10 reported the use of a known carcinogen to induce cancer:

e dimethylene (a) anthracene [DMBA] (five studies)
e N-methyl-N-nitrosurea [MNU] (two studies)

e N-nitrosodimethylamine [NMDA] and 4-methylnitrosoamino-1-3-pyridyl-1-butanone
[NNK] (one study)

e MADBI106 [one study]

e bittner virus [one study].

Table C-2 in Appendix C provides a summary of mechanisms examined, amount and
duration of ethanol or acetaldehyde exposure, carcinogen use, study results, and authors’
conclusions.

Outcomes measured varied across studies. Overall, six studies reported increased cancer

formation (four studies co-administered a carcinogen’***'* and two studies did not’""”).
The reported results of intermediate outcomes included:
e Dbiotransformation of ethanol to acetaldehyde’
e increase in the formation of DNA adducts”
94,104,105

e increase in terminal-end bud density and a decrease in alveolar bud structures
e areduction in blood natural killer cytotoxicity”

Three studies reported no changes in outcomes and concluded that their findings did not
support a link between alcohol consumption and the risk of breast cancer.' %2
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Cell Line Studies

We included 15 studies using cell lines to evaluate possible mechanisms connecting alcohol
consumption with breast cancer risk (see Table C-3 in Appendix C). Cell lines examined in the
studies included:

e MCF-7 (six studies)

e  MCF-10F (two studies)

e T4TD (one study)

e  MM46 tumor cells (one study)

e MDA-MB-453 (one study)

e MCF-7 + T47D (one study)

e MCF-7 + T84 (one study)

e MCF-7+T47D + MDA-MB-231 (one study)

e MCF-7+ZR75.1 + BT-20 + MDA-MB-231 (one study).

Various types of mechanism were reported by these studies:

-69,1
e hormonal-related®>-*"-¢%10

e DNA adduct formation'®”1%

e effect on cell proliferation’"'**'"°

e increase cAMP'!!

. . 112
e change in potassium channels
e mammary gland mucin upregulation' "

e smooth muscle up-regulation during transcription'*

Amount and duration of ethanol and/or acetaldehyde exposure varied across all studies.

Ten studies administered ethanol alone, and two studies administered ethanol combined with
acetaldehyde. Table C-3 in Appendix C provides a summary of mechanisms examined, amount
and duration of ethanol or acetaldehyde exposure, study results, and authors’ conclusions.

Five studies reported an increase in the exPression of mRNA,**10¢13115 w0 studies reported
an increase in the formation of DNA adducts, °"'*® two studies reported an increase in cell
proliferation,65’69 two studies reported enhancement of 3H-thymidine uptake,ﬂ’110 one study
reported up-regulation of smooth muscle myosin alkali light chain,''"* and one study'® reported
reduction in the expression ribosomal protein L7a.

27



Evidence Base for Describing Possible Mechanisms
Connecting Alcohol Consumption and Colorectal Cancer
Risk

Human Studies

We included one study (see Table C-4 in Appendix C) using human tissues to evaluate the
possible mechanism connecting alcohol consumption with colorectal cancer risk. The study
exposed colonic mucosa to acetaldehyde vapor.* Although no direct evidence to show a
connection between acetaldehyde exposure and cancer risk was reported, the authors concluded
that acetaldehyde may cause an increase in risk of colon cancer via loss of cell-cell adhesion.™
Table C-4 in Appendix C provides a summary of study design, mechanisms examined, amount
and duration of acetaldehyde exposure, study results, and authors’ conclusions.

Animal Studies

We included 19 studies using animal models to evaluate the possible mechanisms for alcohol
consumption and colorectal cancer risk (see Table C-5 in Appendix C). Of the 19 included
studies, 17 reported on the mechanism(s) examined and two''®'"” did not. The mechanisms
examined in the 17 studies included:

. 118,119
e cytochrome system expression

e generation of acetaldehyde’'**'%

e DNA methylation'**

e cell proliferation'*'*’

e local mucosal effect!?®!%

e effect on various phases of carcinogenesis’>'*%"*!

Administration and duration of ethanol exposure varied across all studies. Studies also varied
on whether a carcinogen was co-administered. Of the 19 studies, 12 reported the use of a known
carcinogen to induce cancer:

e 1,1-dimethylhydrazine (DMH) (six studies)

¢ methylazoxymethanol (MAM) acetate (one study)

e acetoxymethyl-methylnitrosamine (AMMN) (one study)
e AMMN + cyanamide (CY) (one study)

e azoxymethane (AOM) (three studies).

Table C-5 in Appendix C provides a summary of mechanisms examined, amount and
duration of ethanol or acetaldehyde exposure, carcinogen use, study results, and authors’
conclusions.

Outcomes measured varied across studies. Among the studies that co-administered a
carcinogen, six > 212612812932 repyorted increased cancer formation, one'! reported suppression
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of cancer formation, and two reported no effect.''®'"” Another study that did not co-administer a
carcinogen reported an increase in cancer formation.'*! The reported results of intermediate
outcomes include:

increase in the number of aberrant crypt foci' '*'2%!12>-127

increase in microsomal ethanol-oxidizing system activity'’
increase in acetaldehyde level resulting in folate degradation”
undermethylation of DNA'?*
increase in the expression of CYP2E1'"

decrease in the formation of DNA adducts'*°

Cell Line Studies

We included 10 studies using cell lines to evaluate possible mechanisms connecting alcohol
consumption with colorectal cancer risk (see Table C-6 in Appendix C). Cell lines examined in
the studies included:

Caco-2 (six studies)

HT-29 (one study)

colonic mucosa cells (one study)

Caco-2 + HT-29 (one study)

HT-29 + SW-1116 + HCT-15 (one study).

Various mechanisms were reported by these studies:

folate uptake modulation'>

. . 1
tumor necrosis factor modulation’>!*?
inflammation and cell death'**

formation of crosslinks with DNA '

initiation of cancer'>®'?’
cell differentiation'>®

- . 139
modulation of gene expression

Amount and duration of ethanol and/or acetaldehyde varied across all studies (seven studies
administered ethanol alone, three studies administered ethanol combined with acetaldehyde).
Table C-6 in Appendix C provides a summary of mechanisms examined, amount and duration of
ethanol or acetaldehyde exposure, study results, and authors’ conclusions.

Outcomes varied across all studies. Reported results included:

inhibitory effect on both 3H-folic and 3H-methotrexate uptake'*’

increase in tumor necrosis factor-alpha receptor-1">
inflammation resulting in increased phosphatidylserine production'**

increase in mRNA expression’*
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e dual effect on cell proliferation (acute acetaldehyde exposure inhibitory and chronic
acetaldehyde exposure stimulating)'*®

e increase in sucrase and maltase activity'>"'*®

e increase in alkaline phosphatase and sucrose activities, limited cytotoxicity'>

e damage to DNA strands'™

e lack of effect on the expression of HLA class 1 antigens'*’

Combination Study (Animal, Cell Line)

We included one s‘[udy141 that used a combination of animal (mice) and cell line (Caco-2) to
evaluate the possible mechanisms connecting alcohol consumption with colorectal cancer risk
(see Table C-7 in Appendix C). Intestinal cell proliferation as a result of phosphatidylethanol
accumulation was the examined mechanism. The animal study administered ethanol and the cell
line study administered either ethanol or acetaldehyde. Outcome reported was disruption of
cellular 1s4ilgnals. Chronic alcohol exposure resulted in an increase of maximal intestinal
density.

Systematic Reviews and Narrative Reviews of
Epidemiology Studies

We identified and summarized the reported results and conclusions from 13 systematic reviews
of epidemiology studies looking for an association between alcohol intake and cancer risk (seven
on breast cancer [see Table 1], six on colorectal cancer [see Table 2]). While these studies were not
considered part of our primary evidence base addressing the key questions of this report, they do
provide important evidence connecting alcohol intake with breast and colorectal cancer risk in
humans and provide a context for discussing the findings of the studies included in our primary
evidence base. The tables provide the review objectives, the resources searched, inclusion criteria,
a summary of results, and the authors’ conclusions. Key areas examined by the systematic reviews
of breast cancer included:

e alterations in estrogen-dependent pathways
e polymorphisms in one-carbon metabolism pathways
e interaction with dietary folate intake

e dose-response relationships between alcohol intake and cancer risk.

Key areas examined by the systematic reviews of colorectal cancer include differences in
Japanese versus western populations, and amount of alcohol intake and cancer risk.
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Table 1. Systematic reviews/meta-analyses for breast cancer epidemiology studies

Resources Searched and

Conclusions
as Reported by

Study Objective Inclusion Criteria Results Study Authors
Suzuki et al. To quantitatively assess Eligible studies were The risk of developing breast Estrogen-dependent
2008 the accumulated evidence |identified by searching the | cancer was statistically significant | pathway alone cannot

on the association between
alcohol intake and the risk
of estrogen receptor (ER)
and progesterone receptor
(PR)- defined breast
cancer subtypes and to
evaluate whether the
observed association
differs across ER/PR
status.

MEDLINE database from
January 1, 1970 through
April 20, 2007 for relevant
epidemiology studies of
alcohol consumption in
relation to the risk of breast
cancer defined by ER/PR
without any language
restriction.

Evidence base:

Nineteen studies
(4 prospective cohort studies
and 16 case-control studies)

comparing the highest vs. lowest
consumption categories for
developing:

ER+ tumors 27% (1.17-1.38),

all ER- tumors 14% (1.03-1.26),
ER+PR+ tumors 22% (1.11-1.34),
ER+PR- tumors 28% (1.07-1.53),
but not ER-PR- tumors.

An increase in alcohol
consumption of 10 g of ethanol
per day was associated with
statistically significant increased
risks for:

all ER+ 12% (8%-15%),

all ER- 7% (0%-14%),
ER+PR+ 11% (7%-14%) and
ER+PR- 15% (2%-30%),

but not ER-PR-.

account for the
detected positive
associations with
alcohol for ER+PR+
and ER-PR+ tumors.

Lissowska et al.
2007**

To examine the role of
genetic polymorphisms in
the one-carbon metabolism
pathway and breast cancer
risk.

Epidemiology studies of
methylenetetrahydrofolate
gene (MTHFR A222V and
E429A) polymorphisms and
breast cancer risk published
through August 2006 were
identified through a PubMed
search.

There was no significant
association of breast cancer risk
with nutrients involved in one
carbon metabolism (i.e., folate,
vitamins B2, B6, B12, methionine)
or with alcohol intake.

Study did not support
association between
polymorphisms in the
one-carbon
metabolism pathway
and the risk of breast
cancer.
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Resources Searched and

Conclusions
as Reported by

Study Objective Inclusion Criteria Results Study Authors
Lewis et al. To summarize the available | MEDLINE and ISI Web of Only two studies used the same There is no
2006 evidence from observational | knowledge databases for cut off points for alcohol intake. association between a

studies on this issue and a
meta-analysis of the
association between a
common polymorphism in
the 5,10-methylenetetra-
hydrofolate reductase
(MTHFR) gene.

relevant studies that were
published through
May 31, 2006.

Evidence base:

19 studies (13 case-control
studies and 9 cohort studies)
of which seven cohort
studies and one case-control
study examined the
interaction between alcohol
and folate intakes with
respect to risk of breast
cancer.

Therefore, evidence for interaction
between alcohol and folate intakes
with respect to risk of breast
cancer was inconclusive.

lack of dietary folate
intake and breast
cancer risk.
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Resources Searched and

Conclusions
as Reported by

Study Objective Inclusion Criteria Results Study Authors
Key et al. To give an up-to-date MEDLINE, EMBASE, Excess risk associated with alcohol | Association between
2006° assessment of the Pascal (BIDS), Science consumption was 22% (9%-37%). | alcohol and breast

association of alcohol with
female breast cancer,
addressing methodological
issues and shortfalls in
previous overviews.

Citation Index (BIDS),
Social Sciences Citation
Index (BIDS), Index to
Scientific and Technical
Proceedings (via BIDS),
Biological Abstracts
(BIOSIS), Biological
Sciences, AIDS and Cancer
Research Abstracts,
Biology Digest, Conference
Papers Index, Cochrane
Library, NHS National
Research Register (NRR),
SIGLE (System for
Information on Grey
Literature), NTIS (National
Technical Information
Service), TOXLINE.

Evidence base:

98 studies (75,728 drinkers
vs. 60,653 non-drinkers)

Each additional 10 g ethanol per
day increases breast cancer risk
by 10% (5%-15%).

Estimated population attributable
risk in the U.S.A. and U.K. were,
1.6% and 6.0%, respectively.

cancer may be causal.
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Study

Objective

Resources Searched and
Inclusion Criteria

Results

Conclusions
as Reported by
Study Authors

Hamajima et al.
2002°

A collaborative reanalysis
of individual data from

53 epidemiology studies,
including 58,515 women
with breast cancer and
95,067 women without the
disease.

Resources searched were
not reported by study
authors.

Evidence base:

53 studies (51 published,
2 unpublished)

The average consumption of
alcohol reported by controls from
developed countries was 6.0 g per
day, i.e., about half a unit/drink of
alcohol per day; greater in ever-
smokers than never-smokers,

(8.4 g per day and 5.0 g per day,
respectively).

Compared with women who
reported no alcohol, relative risk
(RR) of breast cancer was

1.32 (1.19-1.45, p <0.00001) for an
intake of 35-44 g per day alcohol,
and 1.46 (1.33-1.61, p <0.00001)
for 245 g per day alcohol.

For each additional 10 g per day
intake of alcohol, the relative risk of
breast cancer increased by 7.1%
(5.5%-8.7%, p <0.00001).

Caution is needed to
interpret the effect of
alcohol on risk of
breast cancer.

Corrao et al.
1999

To compare the strength of
the evidence provided by the
epidemiology literature on
the association between
alcohol consumption and
the risk of six cancers

(oral cavity, esophagus,
colorectum, liver, larynx,
breast).

MEDLINE from 1966 up to
and including 1998,

articles reported by other
bibliographic databases
available at the University of
Miami (Current Contents
from 1996, EMBASE from
1980, CAB abstracts from
1973, and Core Biomedical
Collection from 1993).

Evidence base:

200 epidemiology studies
(29 breast).

RR for dose of alcohol intake for
breast cancer in the Mediterranean
region* were:

1.6 (1.6-1.7) for 25 g per day,

2.7 (2.4-2.9) for 50 g per day, and
7.1 (5.8-18.6) for 100 g per day.

RR for dose of alcohol intake in
other areas* were:

1.2 (1.1-1.3) for 25 g per day,

1.5 (1.2-1.8) for 50 g per day, and
2.1 (1.4-3.1) for 100 g per day.

*strata by region

Based on weak dose-
response relationship,
there is need for
well-conducted
epidemiology studies.
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Study

Objective

Resources Searched and
Inclusion Criteria

Results

Conclusions
as Reported by
Study Authors

Smith-Warner et al.
1998%°

To assess the risk of
invasive breast cancer
associated with total and
beverage-specific alcohol
consumption and to evaluate
whether dietary and
nondietary factors modify the
association.

Resources searched were
not reported by study
authors.

Evidence base:

6 prospective studies that
had at least 200 incident
breast cancer cases,
assessed long-term intake of
food and nutrients, and used
a validated diet assessment
instrument.

For alcohol intake less than 60 g
per day breast cancer risk
increased linearly with increasing
intake.

Pooled multivariate RR for an
increment of 10 g per day of
alcohol (about 0.75-1 drink) was
1.09 (1.04-1.13).

Multivariate-adjusted RR for total
alcohol intake of 30 to <60 g per
day (about 2-5 drinks) vs.
nondrinkers was 1.41 (1.18-1.69).

Limited data suggested that
alcohol intake of at least 60 g per
day were not associated with
further increased risk.

The specific type of alcoholic
beverage did not strongly influence
risk estimates.

The association between alcohol
intake and breast cancer was not
modified by other factors.

Alcohol consumption
is associated with a
linear increase in
breast cancer
incidence in women
over the range of
consumption reported
by most women.
Among women who
consume alcohol
regularly, reducing
alcohol consumption is
a potential means to
reduce breast cancer
risk.

Longnecker
1993

To evaluate the association
between alcohol
consumption and risk of
breast cancer.

MEDLINE from 1996 through
September 1992, all
abstracts presented at the
society for Epidemiology
Research from 1989-1994.

Evidence base:
38 epidemiology studies

RR of breast cancer following daily
alcohol consumption were

1.11 (1.07-1.16) for one drink,

1.24 (1.15-1.34) for two drinks, and
1.38 (1.23-1.55) for three drinks.

Causal role of alcohol
remains uncertain.
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Table 2. Systematic reviews/meta-analyses for colorectal cancer epidemiology studies

Resources Searched and

Conclusions
as Reported by

Study Objective Inclusion Criteria Results Study Authors
Mizoue et al. To examine the Population-based cohort studies that In men, multivariate-adjusted pooled hazard | When compared to
2008 association were conducted in Japan, started ratios for alcohol intake of 23-45.9 g per day, |Western populations,

between alcohol

consumption and
colorectal cancer
in Japanese.

between the mid-1980s and the
mid-1990s, included more than 30,000
participants, obtained information on
diet, including alcohol intake, using a
validated questionnaire or a similar one
at baseline, and collected incidence
data for colorectal cancer during the
follow-up period.

Evidence base (5 cohort studies):

e The Japan Public Health Center-
based Prospective Study (JPHC)

e The Japan Collaborative Cohort
Study (JACC)

e The Miyagi Cohort Study
e The Takayama Study

o According to the authors,
the JPHC was treated as two
independent studies (JPHC |
and JPHC Il) because of a
difference in the dietary
guestionnaires used; thus, data
from a total of five studies were
analyzed.

46-68.9 g per day, 69-91.9 g per day, and
>92 g per day, compared with nondrinkers,
were 1.42 (1.21-1.66), 1.95 (1.53-2.49),
2.15 (1.74-2.64), and 2.96 (2.27-3.86),
respectively (p for trend <0.001).

The association was evident for both the
colon and the rectum. A significant positive
association was also observed in women.
Twenty-five percent of colorectal cancer
cases were attributable to an alcohol
consumption of >23 g per day.

alcohol-colorectal
cancer association
seems to be more
evident in Japanese.
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Resources Searched and

Conclusions
as Reported by

Study Objective Inclusion Criteria Results Study Authors
Moskal et al. To examine if Prospective cohort studies in MEDLINE | High alcohol intake was significantly Lifestyle
2007 current alcohol published in English between 1990 and | associated with increased risk of colon 1.50 recommendations for
intake is June 2005; (iii) referenced in MEDLINE. | (1.25-1.79) and rectal cancer 1.63 (1.35- prevention of
associated with Since studies on specific types of 1.97). This was comparable to a 15% colorectal cancer
risk of colon and alcohol (beer, wine, and liquor) were increase of risk of colon or rectal cancer for should consider
rectal cancer limited, the authors restricted the meta- | an increase of 100 g of alcohol intake per limiting alcohol intake.
by summarizing analyses to total alcohol consumption week. The association did not change
the results of on colorectal cancer risk. Studies in significantly by anatomical site (colon,
published particular populations (i.e., cohorts of rectum).
prospective cohort | alcoholics or brewery workers) were not
studies with included.
meta-analytic Evidence base:
techniques.
Sixteen prospective cohort studies
Mizoue et al. To review MEDLINE from 1965 to 2005 A moderate or strong positive association was | Among the Japanese
2006 epidemiology observed between alcohol drinking and colon | population, alcohol

findings regarding
the association
between alcohol
drinking and
colorectal cancer
among the
Japanese
population.

Inclusion criteria:

Epidemiology studies on the
association between alcohol drinking
and colorectal cancer incidence or
mortality among Japanese.

Evidence base:

Eighteen studies (5 cohort studies and
13 case-control studies).

cancer risk in all large-scale cohort studies,
with some showing a dose-response
relationship, and among several case-control
studies.

A positive association with rectal cancer was
also reported, but it was less consistent, and
the magnitude of the association was
generally weaker compared with colon
cancer.

The RR of colon or colorectal cancer
increased even among moderate drinkers
consuming <46 g of alcohol per day, levels
at which no material increase in the risk was
observed in a pooled analysis of Western
studies.

consumption perhaps
may increase the risk
of colorectal cancer.
Association with
colon cancer is
probable, and that for
rectal cancer is
possible.
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Resources Searched and

Conclusions
as Reported by

Study Objective Inclusion Criteria Results Study Authors
Cho et al. To examine the The authors reported a pooled analysis | Increased risk for colorectal cancer was There was a
2004°° relationship of total | of primary data from 8 cohort studies in | limited to persons with an alcohol intake of correlation between a

alcohol intake and
intake from
specific beverages
to the incidence of
colorectal cancer
and to evaluate
whether other
potential risk
factors modify the
association.

5 countries.

30 g/day or greater (approximately >2 drinks
per day), a consumption level reported by
4% of women and 13% of men.

Compared with nondrinkers, the pooled RR
were 1.16 (0.99-1.36) for persons who
consumed 30 to <45 g per day and

1.41 (1.16-1.72) for those who consumed
245 g per day (p for trend <0.001).

Evident for cancers of the proximal colon,
distal colon, and rectum. No clear difference
in relative risks was found among specific
alcoholic beverage.

single determination
of alcohol
consumption and a
modest relative
elevation in the rate
of colorectal cancer,
mostly at the highest
levels of
consumption.
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Resources Searched and

Conclusions
as Reported by

Study Objective Inclusion Criteria Results Study Authors
Corrao et al. To compare the MEDLINE from 1966 up to and Colon studies** Based on weak dose-
1999 strength of the including 1998, articles reported by response relationship,

evidence provided
by the
epidemiology
literature on the
association
between alcohol
consumption and
the risk of six
cancers (oral
cavity, esophagus,
colorectum, liver,
larynx, breast).

other bibliographic databases available
at the University of Miami (Current
Contents from 1996, EMBASE from
1980, CAB abstracts from 1973, and

Core Biomedical Collection from 1993).
Evidence base:

200 epidemiology studies
(16 colon [12 case-control, 4 cohort],
14 rectum [11 case-control, 3 cohort]).

RR for dose of alcohol intake in colon studies
(case-control) were 1.0 (1.0-1.1) for 25 g per
day, 1.1 (1.0-1.2) for 50 g per day, and 1.1
(1.0-1.3) for 100 g per day.

RR for dose alcohol intake in colon studies
(cohort studies) were 1.4 (1.1-1.7) for 25 g
per day, 1.9 (1.3-2.9) for 50 g per day, and
3.6 (1.6-8.5) for 100 g per day.

**Reported results were stratified by study
design

Rectum studies***

RR for dose of alcohol intake in rectum
studies among men were 1.1 (1.0-1.2) for
25 g per day, 1.2 (1.1-1.5) for 50 g per day,
and 1.5 (1.2-2.2) for 100 g per day.

RR for dose of alcohol in rectum studies
among women were 2.3 (1.3-4.0) for 25 g per
day, 5.0 (1.6-16.4) for 50 g per day, and 25.7
(2.5-267.6) for 100 g per day.

***Reported results were stratified by gender

there is need for well-
conducted
epidemiology studies.
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Resources Searched and

Conclusions
as Reported by

Study Objective Inclusion Criteria Results Study Authors
Franceschi and | To evaluate Evidence base: Among the 15 cohort studies: seven studies Epidemiology

La Vecchia alcohol 34 studies (15 cohort, 19 case-control) were not very informative; and overall evidence regarding a
1994™° consumption and ' " | evidence from 8 studies showed colon cancer | causal role of

the risk of cancers
of the stomach
and colon-rectum.

RR estimates varying within a narrow range
of 1.0-1.7 [ranging between 1.1-1.3 in most
studies], and rectal cancer 1.0-2.5 [ranging
between 1.0-1.7 in most studies].

Among the 19 case-control studies: five
studies were totally negative, and showed
no evidence of association; 3 other studies
showed overall significant associations; and
remaining 11 studies showed no consistent
overall association.

alcoholic beverage
consumption and
colorectal
carcinogenesis
remains inconclusive.
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Reported Mechanisms in the Epidemiology Literature

A search of the literature identified the following mechanisms reported in breast and
colorectal cancer epidemiology studies that were not included in our primary evidence base
(see Table 3 and Table 4, respectively). These studies investigated the association between
alcohol consumption and increased cancer risk primarily by administering questionnaires to
study dietary behavior and amount of alcohol consumption and correlated these findings
with cancer incidence. Some of these studies looked at different alcoholic beverages, for
example wine, beer, and other spirits. However, none of these studies controlled alcohol
exposure.

Our searches of the literature identified hypothesis-generating studies that provide indirect
evidence of potential mechanisms. These studies examined various metabolic pathways that
have been proposed as potential connections between alcohol exposure and increased breast
or colorectal cancer risk (see Table 5 and Table 6, respectively).

These hypothesis-generating studies and epidemiology studies were incorporated into this
report in order to review and discuss this literature base in comparison with our primary evidence
base.

Table 3. Breast cancer epidemiology studies

Proposed Mechanism References

Changes in circulating hormone levels 37,151-158

DNA-adduct formation 159

Changes in levels of insulin-like growth factor 160

Changes in levels of biomarkers of inflammation 781

161,162

Cytochrome P450 polymorphism

Methylenetetrahydrofolate reductase polymorphism/Dietary/Vitamins 38,163-173

Alcohol dehydrogenase/Acetaldehyde dehydrogenase polymorphism 45,47-50,174-178

Other types of polymorphism 179-184

Table 4. Colorectal cancer epidemiology studies

Proposed Mechanism References

90,166,185-234

DNA repair polymorphisms

Hyperproliferation of rectal mucosa 141,235

Colonic microbial metabolism resulting in the generation of acetaldehyde 35,96

236-240

Cytochrome P450 polymorphism

Alcohol dehydrogenase and acetaldehyde dehydrogenase polymorphism 19,241-252

Changes in levels of insulin-like growth factor 253256

Impact of C-reactive protein and Inflammation 257,258

Methylenetetrahydrofolate reductase polymorphism/Dietary/Vitamins 189,259-263

259,264-294

Other types of polymorphism and mechanisms
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Table 5. Hypothesis-generating breast cancer studies

Study

Reported Mechanism

Marietta et al.

Stimulation of Fanconi anemia—breast cancer associated (FANC-BRCA) DNA

20092 damage response network by acetaldehyde

Taibi et al. Low levels of both xanthine dehydrogenase and cellular retinol binding protein
2009°%°

Jin et al. Activation of BRCAZ2 transcription by estrogen receptor-beta

2008’

Maciel et al. Inhibition of bioactivation of ethanol to acetaldehyde by folic acid

2004%%®

Jordao et al. Increased lipid peroxidation

2004%%°

Stevens et al. Change in estrogen levels

2000°*°

Colantoni et al. Increased levels of malondialdehyde

2000>*

Jonegogt al. Response of MCF-7 cells to potential estrogens and non-estrogenic substances
1998

42




Table 6. Hypothesis-generating colorectal cancer studies

Study Reported Mechanism

Jelski et al. Alcohol dehydrogenase and aldehyde dehydrogenase polymorphisms
2004

Vincon et al. Generation of free radicals.

2003**

Leuratti et al. DNA adduct formation

2002°*

Parlesak et al. Inhibition of retinol oxidation

2000°*®

Koivisto et al. Alcohol dehydrogenase polymorphism

1996°%°

Jokelainen et al. | Generation of acetaldehyde by human colonic bacteria
1996

Seitz et al. Alcohol dehydrogenase polymorphism

1996

Nosova et al., Generation of acetaldehyde by human colonic bacteria
1996%

Rosenberg et al. | Induction of cytochrome P450

1994°%

Jokelainen et al. | Generation of acetaldehyde by human colonic bacteria
1994°%

Shimizu et al. Induction of cytochrome P450

1990%"°

Ongoing Clinical Trials

A search of the clinicaltrials.gov (http://clinicaltrials.gov/) Web site did not identify any
ongoing trials related alcohol consumption and possible causal mechanisms for breast and
colorectal cancers.
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Chapter 4. Discussion

Breast Cancer

Key Question 1. What are the likely causal mechanisms by which alcohol contributes to the
development of breast cancer? Which of the possible mechanisms (e.g., induction of P450
cytochromes and carcinogen metabolism, effects on blood hormone concentrations, effect of
acetaldehyde or other alcohol metabolite on apoptosis and DNA repair, interactive effects on
other nutritional factors, or others) are likely to be most important in breast cancer
development?

Alcohol-related Changes in Circulating Hormones

Changes in circulating hormone levels due to chronic alcohol intake have been demonstrated
in several epidemiology studies (see Table 3). Our searches identified eight epidemiology studies
that looked at this connection.’”"*'">” Seven studies'*' ">’ made specific reference that moderate
alcohol consumption may be responsible for increasing breast cancer risk by influencing
hormonal levels and estrogen receptors and one study’’ reported light-to-moderate alcohol
consumption was not associated with increase breast cancer risk. The findings from these seven
studies suggest that alcohol interferes with estrogen pathways, thereby causing changes in
hormonal levels and estrogen receptors. This may then have a direct effect on breast tissue and
cancer risk. Given this apparent connection between alcohol intake and alterations in circulating
hormones seen in the epidemiology literature, we looked for hypothesis-generating studies that
examined this connection.

A majority of the human and animal studies identified in our searches and included in our
primary evidence base also point to a connection between alcohol intake and changes in
blood hormone levels, especially elevated levels of estrogen-related hormones in humans (see
Table C-1 in Appendix C) and animals (see Table C-2 in Appendix C). Several cell line studies
also suggest that estrogen receptor pathways may be altered by ethanol (see Table C-3 in
Appendix C). Increased estrogen levels may increase the risk of breast cancer through increases
in cell proliferation and alterations in estrogen receptors. Suzuki et al.'** looked at the possible
connection between estrogen receptor (ER) alterations, alcohol intake, and the risk of breast
cancer in a meta-analysis of epidemiology studies (see Table 1.). The highest versus the lowest
alcohol consumption categories were analyzed for their association with all ER+ and ER-
subtype tumors. Meta-analysis of all studies using relative risk (RR) indicated a statistically
significant 27% higher risk of developing ER+ tumors (95% CI: 1.17 to 1.38) and a 14% higher
risk for developing ER- tumors (95% CI: 1.03 to 1.26) in the high consumption group. The
authors concluded that they had “found support for a positive relationship between alcohol
consumption and the development of all ER+ tumors.” The authors also concluded that “The
results from these meta-analyses suggest that the biological mechanism for development of
breast cancer due to alcohol intake could be explained not only through ER-mediated classical
estrogen-dependent pathway but also through other mechanisms” such as DNA damage or
increased expression of other signaling pathways leading to cell proliferation. These studies
(human, animal, and cell line) combine to suggest that estrogen-related mechanisms may be
altered by alcohol consumption and provide a potential causal mechanism by which alcohol
affects the estrogen receptors thereby contributing to the increased risk of development of breast
cancer.
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Elevation in prolactin levels was examined in one human study. Ginsburg et al.*” reported
that serum prolactin levels increased in menopausal women during acute ethanol ingestion.
In animal studies, ethanol-induced hyperprolactinemia in mice was associated with the
development of mammary tumors.”””® While not as extensive as the estrogen-related studies,
these studies give some indication that alcohol consumption may alter prolactin levels and
increase the risk of developing breast cancer.

Cell Proliferation and Tumor Progression

Although we did not identify any epidemiology study that reported on hyperproliferation
as a possible mechanism, enhancement of cell proliferation and tumor progression related to
ethanol consumption and conversion to acetaldehyde and its connection to breast cancer has been
examined in numerous animal (Table C-2 in Appendix C) and cell line studies (Table C-3 in
Appendix C). Several of the animal studies used carcinogens such as MNU”*** or
DMBA. %1% However, the DMBA studies were not as consistent in showing a relationship
between ethanol and mammary tumorigenesis as the MNU studies (see Table C-2 in
Appendix C). The effect of ethanol on cell proliferation in cell lines was examined in three
studies included in this report. [zevbigie et al.”! reported that ethanol stimulated cell proliferation
in the MCE-7 cell line, Zhu et al.'"” reported that ethanol induced changes that could promote
cancer development in the T4TD cell line, and Przylipiak et al.''® reported that ethanol had direct
growth stimulatory effects on the MCH cell line. Enhancement of cell proliferation and tumor
progression as a potential causal mechanism linking ethanol and breast cancer has some support
but human subject studies are needed to further explore this connection. According to
Dumitrescu and Shields, estrogen-induced breast cancer may be as a result of cell proliferation,
activation of CYP2EI, and DNA damage."

Polymorphism in Ethanol Metabolism

Our searches identified a number of epidemiology studies proposing that both genetic and
enzyme polymorphisms contribute to the promotion of breast cancer development in individuals
who consume alcohol (see Table 3). Polymorphisms examined in these studies include
cytochrome P450,'°""'°* methylenetetrahydrofolate reductase,”™'**"'”* and alcohol
dehydrogenase and acetaldehyde dehydrogenase.*>*">%!"*17 The majority of these studies
reported enzyme polymorphism as a risk marker for breast cancer following moderate
alcohol consumption. Our searches did not identify any experimental studies in humans or
animals that examined this issue.

DNA Adduct Formation

DNA adduct formation was examined in an epidemiology study by Rundle et al."’ The
authors investigated the association between alcohol consumption and DNA adduct levels in
breast tissue in women diagnosed with ductal carcinoma in situ and invasive ductal or lobular
cancer (i.e., cases) vs. women with benign conditions without atypia (i.e., controls). In tumor and
nontumor tissue from cases, adduct levels were increased among drinkers compared to
nondrinkers. However, among controls, no increase in adduct levels were found regardless of
drinking status.'>’

We identified no experimental human studies that examined this mechanism. We did identify
experimental studies using animals that suggest intake of ethanol does increase adduct formation
and could contribute to breast cancer risk.”® Cell line studies also suggested that the formation of
DNA adducts increases after incubation with ethanol.'®”'*®
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Other Potential Mechanisms

A single human study by Hartman et al.”® reported on increased level of biomarkers of
oxidative stress such as a-tocopherol and isoprostane after alcohol consumption (see Table C-1
in Appendix C). Our searches identified five epidemiology studies’”*' that also postulated a
connection between biomarkers of inflammation, alcohol intake, and risk of breast cancer.
Increased levels of biomarkers such as malondialdehyde,””” isoprostanes,®' and catalase
activity’*** were reported. We did not identify any experimental studies using animal or cell line

models that examined other potential mechanisms.

Key Question 2. For the most likely mechanisms of action involving alcohol and the
development of breast cancer, how might other factors modify the effect of alcohol on breast
cancer (for example, age, latency of effect, intensity, duration, and recency of exposure, presence
of co-carcinogens, presence of threshold effect)? Do the causal mechanisms vary by cell type or
other tumor characteristics?

For this Key Question, we looked for studies that evaluated factors that modify the
association of alcohol with biomarkers of risk of breast cancer. The human studies of alcohol
consumption and hormone changes were performed in pre- and postmenopausal women but an
actual age effect was not examined in these studies. The duration of consumption was relatively
short; long term effects could not be calculated in these studies. However, we did identify one
human study that examined biomarkers of oxidative stress and risk of carcinogenesis. Hartman et
al. reported that in postmenopausal women who consumed 30 g alcohol per day, a-tocopherol
decreased by 4.6% and isoprostane levels increased by 4.9%.”® This study provides a possible
link between oxidative stress and risk of breast cancer formation.

Table 7 and Table 8 contain an overview of the breast cancer studies included in this report
in terms of study design and reporting issues that determined whether the study provides
evidence of a direct or an indirect association between alcohol consumption and breast cancer.
Route of administration, rate of absorption and metabolism, formulation and quantity of ethanol,
and timing of the intervention, however, may reduce the generalizability of animal studies to a
clinical setting. Although we evaluated cell line studies as part of our overall evidence
evaluation, we did not include them in this table given that events such as confounding exposure,
control for other risk factors, and cancer formation are not applicable to this model.
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Table 7. Overall results from human breast cancer studies

Number of
Surrogate Authors Reported Links in the
*Confounding | Cancer Outcome on Causal Pathway of
Study Exposure Formation | Measure Mechanism Carcinogenesis
Hartman et al. N N Y Y 1
2005
Dorgan et al. N N Y Y 1
2001%
Same as
Ginsburg et al. N N Y Y 1
1996%
Ginsburg et al. N N Y Y 1
1995%
Reichman et al. N N Y Y 1

1993%

*Confounding exposure: did study administer a carcinogen and /or acetaldehyde?

Y: there was confounding exposure
N: there was no confounding exposure
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Table 8. Overall results from animal breast cancer studies

Number of
Surrogate Authors Reported | Links in the
*Confounding | Cancer Outcome on Causal Pathway of
Study Exposure Formation | Measure Mechanism Carcinogenesis
Hilakivi-Clarke etal. |Y Y N Y 1
2004%
Castro et al. N N Y Y 1
2003%
Chhabra et al. Y N Y Y 1
2000%°
Watabiki et al. N N Y Y 1
2000%
Holmberg et al. N Y N N 0
1995%
Singletary et al. Y N Y N 0
1995%
Singletary and Y N Y Y 1
McNary 1994*
Taylor et al. Y N Y Y 1
1993%
McDermott et al. Y Y N N 0
1992
Hackney et al. N Y N N 0
1992
Singletary and N N Y Y 1
McNary 1994'*
Singletary et al. Y N Y Y 1
1991
Rogers and Conner |Y Y N N 0
1990
Grubbs et al. Y Y N N 1
1988
Schrauzer et al. Y N Y Y 1
1979%

*Confounding exposure: did study administer a carcinogen and /or acetaldehyde?

Y: there was confounding exposure
N: there was no confounding exposure

Colorectal Cancer

Key Question 3. What are the likely causal mechanisms by which alcohol contributes to the
development of colorectal cancer? Which of the possible mechanisms (e.g., induction of P450
cytochromes and carcinogen metabolism, effects on blood hormone concentrations, effect of
acetaldehyde or other alcohol metabolite on apoptosis and DNA repair, interactive effects on
other nutritional factors, or others) are likely to be most important in colorectal cancer

development?
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Acetaldehyde production in the colon. Exposure of colon mucosa to acetaldehyde from
microbial metabolism of ethanol has been postulated as a mechanism for increasing the risk of
developing colorectal cancer in two epidemiology studies (see Table 4)°>> and three
experimental studies (see Table 5).°"~"*% According to study authors, individual variations in
human colonic flora may contribute to the risk of alcohol-related colorectal cancer,’® and
increased activity of intracolonic bacterial alcohol dehydrogenase may also play a role in
increasing cancer risk.>¢-72%73%

Experimental human studies examining this subject are few (see Table C-4 in Appendix C).
A study by Basuroy et al.*® suggests that acetaldehyde disrupts epithelial tight junction and cell
adhesion and through this mechanism increases the risk of colon cancer. Several animal studies
also looked at the effects of acetaldehyde in the colon (see Table C-5 in Appendix C). These
studies showed mucosal damage after ethanol consumption,'?® increased degradation of folate,””
stimulation of rectal carcinogenesis,'** and an increased effect of carcinogens in the presence of
acetaldehyde.'” In cell line studies acetaldehyde exposure was reported to influence the initial
steps of colonic carcinogenesis and later tumor development' and decrease the activity of some
brush border enzymes."*’ Finally, a study using animal and cell line tissue found evidence that
acetaldehyde stimulates cell proliferation in animal intestinal crypt cells and therefore
acetaldehyde may act as a cocarcinogen in the colon.'*' These studies suggest that acetaldehyde
production in the colon may provide a potential causal mechanism by which alcohol contributes
to the development of colon cancer.

Cell proliferation. Hyperproliferation of rectal mucosa after exposure to alcohol was
postulated as a mechanism for increasing the risk of developing colorectal cancer in an
epidemiology study by Simanowski et al.**> The authors examined rectal biopsies for
proliferation markers such as histone H3 and Ki67 in 44 heavy drinkers and 26 controls. Heavy
drinkers showed an increase in cell proliferation markers in the rectal mucosa compared to
controls.**

An effect of ethanol consumption on cell proliferation in the colon was investigated in both
animal and cell line studies in our primary evidence base. Several animal studies reported
enhanced growth of mucosal tissue after chronic ethanol consumption.'*"*” Cell studies
indicated that exposure to ethanol and acetaldehyde increases cell proliferation’*'*® and damages
DNA which may contribute to cancer development.'*> Together these studies suggest that
ethanol and acetaldehyde exposure in the colorectal mucosa may increase cell proliferation and
be a potential mechanism connecting alcohol consumption to colorectal cancer risk.

DNA repair polymorphism. We identified 52 epidemiology studies that assessed DNA
repair polymorphism and alcohol consumption. The majority of these studies suggested that
DNA repair polymorphism may influence the risk of colorectal cancer.

Enzyme polymorphism. We identified 19 studies that assessed enzyme polymorphism in
epidemiology studies: 13 examined alcohol and acetaldehyde dehydrogenase
polymorphism;'***'"** five examined cytochrome P450 polymorphism;***>** and six
examined methylenetetrahydrofolate reductase polymorphism.'*”*°*2%° The majority of
these studies reported enzyme polymorphism as a risk marker for colorectal cancer
following moderate alcohol consumption.

Other potential mechanisms. Ethanol may also influence carcinogenesis in the colon and
rectum through an interaction with carcinogens. Animal studies suggest that ethanol exposure in
the colon increases the chances of tumor development,'*” but other studies found no association
between ethanol ingestion and colorectal carcinogenesis or instead reported inhibition of
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tumorigenesis.”>"**"*! Other possible mechanisms reported in animal studies include alcohol’s
inhibition of folate metabolism’ and DNA hypomethylation.'**

Key Question 4, For the most likely mechanisms of action involving alcohol and the
development of colorectal cancer, how might other factors modify the effect of alcohol on
colorectal cancer (for example, age, latency of effect, intensity, duration, and recency of
exposure, presence of co-carcinogens, presence of threshold effect)? Do the causal mechanisms
vary by cell type or other tumor characteristics?

For this Key Question, we looked for studies that evaluated factors that modify the
association of alcohol with biomarkers of colorectal cancer risk. Few studies are available that
examined factors that modify the effects of ethanol consumption on the risk of developing
colorectal cancer. The study in human subjects in which biopsy samples were examined for
damage after exposure to acetaldehyde did not report the influence of personal factors on the
degree of damage generated.®

Table 9 and Table 10 contain an overview of the colorectal cancer studies included in this
report in terms of study design and reporting issues that determined whether the study provides
evidence of a direct or an indirect association between alcohol consumption and colorectal
cancer. Route of administration, rate of absorption and metabolism, formulation and quantity of
ethanol, and timing of the intervention however may reduce the generalizability of animal studies
to a clinical setting. Although we evaluated cell line studies as part of our overall evidence
evaluation, we did not include them in this table given that events such as confounding exposure,
control for other risk factors, and cancer formation are not applicable to this model.

Table 9. Overall results from human colorectal cancer study

Authors Number of
Surrogate Reported on |Links in the
*Confounding | Cancer Outcome Causal Pathway of
Study Exposure Formation Measure Mechanism | Carcinogenesis
Basuroy et al. Y N Y Y 1
2005%

*Confounding exposure: did study administer a carcinogen and/or acetaldehyde?

Y: there was confounding exposure
N: there was no confounding exposure
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Table 10. Overall results from animal colorectal cancer studies

Authors Number of
Surrogate Reported on |Links in the
*Confounding | Cancer Outcome Causal Pathway of
Study Exposure Formation Measure Mechanism | Carcinogenesis
Hayashi et al. Y N Y Y 1
20078
Perez-Holanda etal. |Y N N N 0
2005"
Pronko et al. N N Y Y 1
2002'%°
Roy et al. N N Y N 1
2002'%
Homann et al. N N Y N 1
2000"°
Choi et al. N N Y Y 1
1999
Hakkak et al. N N Y Y 1
1996
Simanowski et al. N N Y Y 1
1994'%
Niwa et al. Y N Y Y 1
1991
Seitz et al. Y N Y Y 1
1990'%
McGarrity et al. Y N Y Y 1
1988'%
Hamilton et al. Y N Y Y 1
1988
Garzon et al. Y Y N Y 1
19878
Hamilton et al. Y N Y Y 1
1987"%
Hamilton et al. Y N Y Y 1
1987
Simanowski et al. N N Y Y 1
1986’
Nelson et al. Y N N N 0
1985
Seitz et al. Y N Y Y 1
1985
Howarth et al. Y N N N 0
19847

*Confounding exposure: did study administer a carcinogen and/or acetaldehyde?

Y: there was confounding exposure
N: there was no confounding exposure
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Excluded Studies

Because this is a systematic review using specific inclusion and exclusion criteria with the
creation of specific Key Questions, the report is directed at evidence that addresses each
Key Question. None of the excluded studies (see Table D-1 in Appendix D) were left out for
quality, design, conduct, integrity, or inaccuracy but rather because they did not address these
Key Questions.

Future Research Goals

Our examination of the epidemiology literature correlating alcohol consumption with cancer
risk has suggested many areas in which experimental research may provide insight into the actual
mechanisms connecting cancer risk and alcohol consumption. For breast cancer these potential
mechanisms are changes in circulating hormone levels and changes in hormone receptors,
DNA-adduct formation, and various enzyme polymorphisms related to alcohol metabolism.

For colorectal cancer these areas are DNA repair polymorphisms, mucosal cell proliferation, and
various enzyme polymorphisms related to alcohol metabolism. Experimental studies in humans,
animals, or cell lines have provided basic information on some but not all of these potential
mechanisms.

The connection between alcohol intake and changes in estrogen levels and breast cancer risk
has been studied in human, animal, and cell line studies. Future research in this area would seem
to be warranted to determine the exact level of risk imposed by this pathway. A connection
between cell proliferation and tumor progression in breast cancer has been suggested by animal
studies but not in human studies and human-based studies in this area would seem to be
warranted. Enzyme polymorphism in ethanol metabolism as well as in other metabolic pathways
that may be influenced by alcoho