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Abstract

Epidemiologic studies indicate that moderate alcohol consumption increases breast cancer risk in
women. Understanding the mechanistic basis of this relationship has important implications for
women’s health and breast cancer prevention. In this commentary, we focus on some recent
epidemiologic studies linking moderate alcohol consumption to breast cancer risk, and place the
results of those studies within the framework of our current understanding of the temporal and
mechanistic basis of human carcinogenesis. This analysis supports the hypothesis that alcohol acts
as a weak cumulative breast carcinogen, and may also be a tumor promoter. We discuss the
implications of these mechanisms for the prevention and treatment of alcohol-related breast
cancer, and present some considerations for future studies. Moderate alcohol consumption has
been shown to benefit cardiovascular health, and recently been associated with healthy aging.
Therefore, a better understanding of how moderate alcohol consumption impacts breast cancer risk
will allow women to make better informed decisions about the risks and benefits of alcohol
consumption in the context of their overall health and at different stages of their life. Such
mechanistic information is also important for the development of rational clinical interventions to
reduce ethanol-related breast cancer mortality.

Since the official classification of ethanol (alcohol) as carcinogenic to humans by the
International Agency for Research on Cancer (IARC) 2007 (IARC, 2010), and subsequent
epidemiologic studies, the relationship between alcohol drinking and breast cancer in
women has attracted much attention. The issue is particularly salient in view of prevalence
of breast cancer in Western societies, and reports linking surprisingly low amounts of
alcohol consumption to an increased breast cancer incidence. Specifically, the results from a
meta-analysis (Hamajima et al., 2002), as well as large epidemiologic studies (Allen et al.,
2009; Chen et al., 2011; Li et al., 2010) indicate that each additional 10 g of alcohol/day
increases a woman’s risk of breast cancer. In the US, a standard drink contains 14 grams of
ethanol. Therefore, if these findings are correct, the implication is that a woman’s risk of
breast cancer would be significantly increased by drinking slightly less than one drink per
day. A commentary on one of these studies (Allen et al., 2009) took this relationship even
further, stating that “There is no level of alcohol consumption that can be considered safe
(Lauer and Sorlie, 2009)”.
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In our view, drawing firm conclusions about safe levels of drinking based on epidemiologic
studies alone is problematic for several reasons, including the lack of a detailed
understanding of the temporal and mechanistic aspects of the relationship between alcohol
and breast cancer. Towards this end, our goal here is to place the results of some of the
recent epidemiologic studies within the framework of our current understanding of the
temporal and mechanistic basis of human carcinogenesis, and the possible role of alcohol
metabolism therein. We focus primarily on three large epidemiologic studies (Allen et al.,
2009; Chen et al., 2011; Li et al., 2010) in part because they raised several important issues
which impact the interpretation of other epidemiologic studies. Since these studies focused
on middle-age and older women, the health implications need to be considered in the context
of other data indicating beneficial effects of moderate alcohol drinking in this population
(Sun et al., 2011). By identifying testable mechanistic interpretations of the epidemiologic
data, we hope to stimulate additional research which will result in a better understanding of
how alcohol drinking affects breast cancer risk in women, and ultimately lead to
improvements in women’s health.

The Limits of Epidemiology

The science of epidemiology has made important contributions to human health by
identifying the risks associated with cigarette smoke, environmental pollutants, and obesity.
However, epidemiology is not intended to identify the mechanistic basis of disease, nor
establish actual guidelines for safe levels of drinking. There are several reasons for this, as
discussed below.

Self-Reported Alcohol Drinking

One problem with drawing firm conclusions about safe levels of drinking from
epidemiologic studies is that such studies depend upon self-reporting of alcohol
consumption, which is known to underestimates true consumption. Indeed, the authors of a
large and influential meta-analysis (Hamajima et al., 2002) stated this point clearly, writing
that “...self-reported information on alcohol consumption is known to underestimate true
consumption...” and that “systematic under-reporting of consumption by both cases and
controls would result in an overestimation of the relative risk of breast cancer for a given
level of alcohol consumption.” Of course, it is precisely this issue that is the most relevant
from a public health perspective, and for providing guidance for safe levels of drinking. In
addition, as recently noted (Jimenez et al., 2012) underreporting alcohol drinking could
potentially lead to spurious associations at lower levels of consumption.

Seven drinks per week or 1 drink per day?

In addition to underreporting actual alcohol consumption in epidemiologic studies, another
limitation is the lack of information about drinking pattern. In some epidemiologic studies
(Allen et al., 2009; Hamajima et al., 2002) women report consumption on a per week basis,
which is converted into drinks / day by dividing by 7. While this is seemingly a simple and
straightforward calculation, it raises a major interpretational issue. According to this
approach, a woman who drinks 3—4 drinks on Friday and Saturday night and no alcohol
during the rest of the week could accurately report drinking 7 drinks / week. After dividing
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by 7, she would be classified as drinking one drink / day, and her data combined with those
of women who do in fact drink only one drink / day. Clearly, drinking multiple drinks in the
same sitting will result in higher blood alcohol levels than from a single drink, which can
result in qualitatively different metabolic consequences, such as the induction of CYP2E1
and formation of free radicals (see below). In support of this concept, a recent study (Chen
et al., 2011) showed that binge drinking (defined as 4 or more drinks at one time for a
woman) was modestly associated with breast cancer risk, after controlling for cumulative
intake. It should also be noted here that the problem with underestimating actual
consumption in epidemiologic studies is likely to be even more significant in analyses
related to binge drinking. In contrast to moderate alcohol consumption, binge drinking is
socially inappropriate, and therefore more likely to be intentionally underreported by
participants (Giovannucci et al., 1993).

Temporal issues and their implication for mechanisms

Some epidemiologic studies relate lifetime breast cancer risk to alcohol consumption
reported at a single point in time (Allen et al., 2009; Li et al., 2010). However, alcohol
consumption is typically a lifelong habit. In addition, the development of breast cancer is a
multi-step, time dependent process. Below we briefly discuss some temporal and
mechanistic aspects of human carcinogenesis, followed by a consideration of the
implications of this information for the interpretation of epidemiologic studies relating
alcohol consumption to breast cancer risk.

Cancer is the result of multiple genetic and epigenetic changes (Vogelstein and Kinzler,
2004) which result in a set of phenotypes referred to as the “hallmarks of cancer” (Hanahan
and Weinberg, 2000). Evidence from the number of mutations in cancer genomes also
supports the concept that a mutator phenotype is an important early step in the carcinogenic
process (Loeb, 2011). Early acquisition of a mutator phenotype increases the cellular
mutation rate, thereby facilitating additional mutations necessary to produce an invasive
cancer. However, in the epidemiologic literature, these fundamental aspects of cancer
biology are generally not addressed. Furthermore, there is a lack of consideration of the
length of time necessary for human cancer to develop, and the implications of this time
course on the interpretation of epidemiologic studies.

Based on studies of known chemical carcinogens in humans, it has been estimated that it
takes at least 20 years from exposure to a carcinogen to a clinical cancer diagnosis (Bielas
and Loeb, 2005; Pierce et al., 1992). This surprisingly long time frame has recently received
additional support from whole genome analyses of human cancers. Deep sequencing
analysis of pancreatic cancers, as well as mathematical modeling (Yachida et al., 2010),
estimated that the time between a tumor-initiating mutation and the non-metastatic founder
cell is ~12 years. After that, additional years are necessary for that individual cancer cell to
proliferate into a tumor large enough to be detected clinically. Based on measurements of
the size of breast cancers in vivo, tumor volume doubling times have been estimated to be
100-200 days (Spratt et al., 1996; von Fournier et al., 1980). Assuming continuous
exponential growth, with these doubling times, it would take roughly 8-16 years for a single
cancer cell to grow into a clinically detectable tumor (Spratt et al., 1995; von Fournier et al.,

Alcohoal Clin Exp Res. Author manuscript; available in PMC 2015 August 27.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brooks and Zakhari

Page 4

1980). It should be also noted that breast cancers in women > 50 years old grow more
slowly than those in younger women (Peer et al., 1993; Spratt et al., 1996).

When the results of the recent epidemiologic studies are considered in view of the temporal
considerations above, the results are illuminating. In the study by Allen et al (Allen et al.,
2009), the average time between entry into the study and the end of the study was 7.1 years,
while in the case of the Li et al, it was 7-12 years (Li et al., 2010). Therefore, for the women
in both studies, the breast cancers they were diagnosed with during the study must have
been initiated before they enrolled in the study. Consequently, the alcohol that these women
reported drinking at the beginning of the study could not have been the initiating event in the
breast cancers that they were diagnosed with. Figure 1 is a simplified graphic representation
of these temporal relationships.

The above considerations have important implications for understanding how the
relationship between moderate alcohol consumption by postmenopausal women and breast
cancer incidence can be understood mechanistically. It seems that there are two quite
different mechanistic possibilities, which are not mutually exclusive: The first possibility is
that alcohol acts on a pre-existing tumor, either by increasing the growth rate of breast
cancer cells, or by altering some other aspect of cancer cell biology which increases the
likelihood of a clinical diagnosis within the time frame of a given study. We will refer to this
as the tumor promoter hypothesis. Another possibility is that alcohol is a weak cumulative
carcinogen, and that self-reported alcohol consumption at the time of study entry is a
surrogate marker of lifetime exposure. We refer to this as the cumulative carcinogen
hypothesis. Because these two explanations have potentially important but fundamentally
different implications for disease prevention, we consider these possibilities separately
below.

Possibility 1: Alcohol as a Breast Tumor Promoter

In the first possibility, alcohol consumption acts as a classical tumor promoter, decreasing
the latency of breast cancer. Such a mechanism is consistent with the definition of a
carcinogenic agent according to IARC guidelines (IARC, 2010). Possible tumor promoter
mechanisms include increasing the growth rate of the tumor, and/or altering the biology of
the tumor or its micro-environment in a manner that increases invasiveness.

The Estrogen Hypothesis and its Complications

Perhaps the most common hypothesis in the epidemiologic literature is that alcohol
increases breast cancer risk via alterations in circulating estrogen levels (Chen et al., 2011;
Singletary and Gapstur, 2001). Consistent with this possibility, (Li et al., 2010) found a
relationship between estrogen receptor (ER) positive tumors and alcohol drinking in
postmenopausal women. Therefore, a possible explanation for the relationship between
moderate alcohol consumption and breast cancer in postmenopausal women is that ongoing
alcohol consumption could increase the growth rate, or affect other properties of ER positive
cancers (Tyson et al., 2011), thereby increasing the probability that they would be diagnosed
during the course of the study. A problem with this mechanism is that, as discussed below,
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moderate alcohol consumption does not increase serum estrogen levels in postmenopausal
women.

The key study was that of Dorgan et al. (1994), in which 51 postmenopausal women
underwent 8-week periods of drinking either 15 g of ethanol/day, 30 g of ethanol /day, or a
placebo alcohol-free beverage. The order of the three drinking periods was chosen at
random for each woman. The study participants agreed to consume only those foods and
alcohol supplied to them by the study coordinators. In addition, body weights of all the
participants were obtained weekly, and the caloric content of the diets adjusted to maintain
body weight within a set range throughout the study. At the end of each 8 week exposure
period, blood was collected for assay of steroid hormone levels.

The authors found that daily consumption of 15 g of ethanol/day did not significantly
increase serum levels of any estrogens. The only hormone that was significantly elevated
was dehydroepiandrosterone sulfate (DHEAS), which is an androgen primarily secreted by
the adrenal gland. In women drinking 30 g of ethanol/day, DHEAS levels were elevated
along with those of estrone sulfate. Notably, the most biologically potent estrogen, estradiol,
was not elevated by either dose of alcohol.

The Dorgan study design left open the possibility that acute alcohol drinking could
transiently increase estrogen levels. However, in another interventional study, Ginsburg et al
found no effect of acute ethanol on serum estradiol levels in postmenopausal women not
taking hormone replacement therapy (HRT) (Ginsburg et al., 1996).

Additional evidence against the ethanol — estrogen secretion mechanism comes from studies
of postmenopausal women using HRT. While women in the Dorgan study were not using
HRT, other studies have shown that alcohol does increase estrogen levels in postmenopausal
women who are taking HRT(Ginsburg et al., 1996). Therefore, if the effect of moderate
alcohol on breast cancer risk were due to increased estrogen levels, and alcohol only
increases estrogen levels in postmenopausal women on HRT, it follows that the relationship
between moderate alcohol consumption and breast cancer risk would only be observed in
postmenopausal women on HRT. However, in the Allen study, the increased breast cancer
risk per 10 g/day in current users of HRT was no different than in non-users. Similarly, Li et
al. (2010) found that the multivariable adjusted risks of hormone receptor positive ductal
cancers per drink per day among current HRT users were similar to those for never users.

In summary, daily consumption of 15 g of ethanol/day has no effect on serum estrogen
levels in postmenopausal women, and the prediction based on the alcohol-estrogen
mechanism is not confirmed by either the Allen et al or Li et al studies. Furthermore, a
recent meta-analysis also found no effect of drinking less than 19 g of ethanol/day on
estradiol levels (Key et al., 2011). Therefore, the observed relationship between daily
consumption of 10 g of alcohol and breast cancer risk in postmenopausal women cannot be
explained by a mechanism involving increased serum estrogen levels.

As noted above, daily consumption of 15 g of ethanol/day does increase DHEAS levels, and
this finding is consistently observed in other studies (Key et al., 2011). However, relating
increased DHEAS to breast cancer risk is complicated. On the one hand, DHEAS can be
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metabolized to estrogen in target tissues, including the breast, via a mechanism involving
aromatization (Geisler et al., 2011). As such, DHEAS could be considered an estrogen
precursor. On the other hand, DHEA is an androgen, and androgens inhibit breast cancer cell
growth (Labrie et al., 2003). Thus, more research into the relationship between alcohol,
DHEAS metabolism, and breast cancer risk is necessary.

Other Mechanisms by Which Ethanol can Promote Breast Cancer

Summary

While changes in sex hormones in relation to alcohol consumption have received the most
attention in the epidemiology literature, moderate alcohol drinking may have other
biological effects on an initiated tumor that could be of potential relevance to the observed
breast cancer risk. The epithelial-mesenchymal transition (EMT) is emerging as an
important mechanism in the development of invasive cancer (Kalluri and Weinberg, 2009).
(Forsyth et al., 2010) recently found that ethanol stimulates the EMT in human breast cancer
cells in vitro. Notably, the ethanol concentrations used in this work were consistent with
those that could be attained during moderate drinking. If these in vitro results are applicable
to human breast cancers in vivo, then ethanol stimulation of the EMT could provide a
mechanistically and temporally plausible explanation for the observed relationship between
moderate alcohol consumption on breast cancer risk. Similarly, a recent in vitro study
showed that alcohol increased the invasiveness of human breast cancer cells (Wong et al.,
2011b). Again, if the mechanisms described in this work are operative in vivo, they could
provide clinical relevant targets for alcohol-related breast cancer.

Finally, a recent study reported a correlation between self-reported alcohol consumption,
and global DNA methylation in breast tumors (Christensen et al., 2010). While this finding
is consistent with ethanol acting as a tumor promoter by altering DNA methylation, it is
somewhat difficult to interpret mechanistically, since no individual CpG loci showed
statistically significant alcohol-related changes in methylation.

In summary, one explanation for the observed relationship between moderate alcohol
consumption in postmenopausal women and breast cancer incidence is that alcohol
consumption acts upon pre-existing breast cancer cells, or the tissue surrounding the tumor,
in a manner that increases the likelihood of a diagnosis of invasive breast cancer. While
studies do not support a mechanism involving increased estrogen levels in postmenopausal
women, other plausible mechanisms include elevated DHEAS, which could be converted to
estradiol in breast tissue, or ethanol stimulation of the EMT and tumor invasiveness. Further
research into these possibilities could lead to clinical benefit in alcohol related breast cancer.

Possibility 2: Alcohol as a Weak Cumulative Breast Carcinogen

Statements about breast cancer risk from moderate alcohol consumed daily are based on
relationship observed between self-reported daily alcohol consumption at the time of study
entry (or 3 years after enrollment, in Allen et al) and the relative risk of breast cancer
detected during the study. As noted above, temporal and mechanistic considerations
demonstrate that drinking reported at the time of study enrollment could not have caused the
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cancers. Presumably, however, the women in these studies had been drinking alcohol for
some period of time before entering the study. Previous studies (Longnecker et al., 1995b;
Terry et al., 2006), support a relationship between lifetime alcohol consumption and breast
cancer risk. Therefore, if alcohol acts as a cumulative carcinogen, and alcohol consumption
by postmenopausal women is a surrogate measure of lifetime alcohol consumption, then
assessing alcohol consumption in postmenopausal women monitors lifetime exposure to a
presumably cumulative carcinogen.

The recent report by Chen et al. (2011) also supports the lifetime carcinogen hypothesis. If
we presume that the only effect of alcohol drinking was to increase the growth rate of pre-
existing tumors, then the relationship between breast cancer risk and alcohol drinking would
be limited to recent drinking. However, Chen et al found that when examined separately,
alcohol consumption in early adulthood (18 to 40 years) and after 40 years, were both
strongly associated with the risk of breast cancer (Chen et al., 2011). These findings are not
consistent with a pure tumor-promoter type mechanism for ethanol and breast cancer, but
are consistent with a cumulative carcinogen mechanism.

If we consider the significance of one additional self-reported drink / day in the context of
lifetime exposure, the dose-response relationship looks quite different. Assuming for the
purpose of illustration that each additional 10 grams/day reported by a woman upon entering
a study corresponds to an additional 10 g/day from the age of beginning drinking (18 years
old) to age 55, then this corresponds to ~ 135,000 g, or 135 kg of ethanol over that time
period. Even smaller differences in self-reported amounts at study entry would correspond to
large additional amounts consumed over a lifetime. Of course, in reality the relationship
between self-reported drinking by postmenopausal women and lifetime consumption is not
so simple or linear. However, if alcohol consumption in postmenopausal women is
proportional to lifetime consumption, the basic point still holds; small differences in self-
reported drinks/day at study entry correspond to large differences in the amount of alcohol
consumed over a lifetime, and it is these large differences in cumulative carcinogen
exposure over the lifetime that are responsible for the small differences in breast cancer risk.

The hypothesis that chronic exposure to alcohol over many years could increase the risk of
breast cancer in women is mechanistically plausible. Alcohol is metabolized by alcohol
dehydrogenase (ADH) into acetaldehyde, a known genotoxin, and carcinogen which could
increase breast cancer risk via multiple mechanisms (Seitz and Stickel, 2007). Both the
ADHIB and ADH1C genes are expressed in the human breast, encoding alcohol
dehydrogenases that are active at ethanol concentration that can be generated in the blood
during social drinking. Consistent with these data, direct biochemical studies have shown
that normal human breast tissue has the capacity to metabolize ethanol at low
concentrations, and ADH immunoreactivity is also detectable in breast epithelial cells
(Triano et al., 2003). Also, rodent mammary tissue can metabolize ethanol into acetaldehyde
(Castro et al., 2006), providing a potential explanation for animal studies showing that
chronic alcohol drinking causes mammary tumors in female mice (Watabiki et al., 2000).

An important question in this context is the expression of ALDH2 in the human breast,
which would be protective against acetaldehyde generated from local alcohol metabolism.
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Publicly available datasets (http://www.nih.gov/geo) indicate low levels of ALDH2 mRNA
expression in human mammary gland, but to our knowledge there is no published evidence
of ALDH2 enzymatic activity in this tissue. If ALDH2 enzyme is active in the human breast
epithelial cells, women expressing the inactive form of ALDH2 could be at elevated risk of
breast cancer from alcohol drinking. One Japanese study (Kawase et al., 2009) did not
observe this effect, but this study included only 11 such ALDH2-deficient individuals
drinking more than 15 gm/day.

In addition to ADH, the ethanol-inducible CYP2EL1 is also expressed in breast tissue.
CYP2EL1 can activate procarcinogens, and also generates oxygen radicals, which can cause
lipid peroxidation, as an integral part of its catalytic activity (Caro and Cederbaum, 2004).
Elevated levels of CYP2E1 were recently shown to increase levels of mutagenic DNA
adducts in the esophagus, another target tissue for alcohol-related carcinogenesis (Millonig
etal., 2011).

Drinking pattern, CYP2EL, and alcohol-related breast cancer

Summary

Aside from the publication of (Chen et al., 2011), little information is available in the
literature on the topic of alcohol drinking pattern and breast cancer risk. One important
reason for focusing on this issue is that drinking pattern strongly influences the blood
alcohol concentration (BAC). The BAC in turn, determines the biochemical changes that
take place in the human body after alcohol drinking. Specifically, the BAC produced in a
woman after a single drink of alcohol is approximately 10 mM, which is above the ethanol
Km for the alcohol dehydrogenases expressed in the breast (ADH1B and ADH1C). The
ethanol-inducible CYP2EL expressed in human breast becomes significant for ethanol
metabolism at higher BAC > 20 mM (Salaspuro and Lieber, 1978). BACs in this range
would require consuming multiple drinks in a given setting. As noted above, alcohol
metabolism by CYP2EL1 leads to the formation of mutagenic DNA adducts (Millonig et al.,
2011). Based on these considerations, a plausible hypothesis is that alcohol-related breast
cancer risk is correlated with the amount of time when a woman has BACs at a level
sufficient to induce CYP2E1, which can be roughly related to binge drinking. Therefore,
although not discussed by Chen et al. (2011) their observations linking binge drinking to
breast cancer risk are in fact consistent with a mechanism involving genotoxicity from
induction of CYP2EL in breast tissue.

In summary, epidemiologic studies are consistent with alcohol acting as a cumulative
carcinogen, and possibly a tumor promoter as well. Figure 2 illustrates these alternatives, as
well as some of the most plausible mechanisms discussed above.

Implications for Breast Cancer Prevention and Treatment

The different mechanistic interpretations of the epidemiologic data discussed above have
significantly different implications for women’s health and disease prevention. To
paraphrase Bradford Hill (1965), the most important question from a public health
standpoint is whether the frequency of an undesirable event (in this case breast cancer), will
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be influenced by a change in the environmental feature (in this case alcohol drinking). As
discussed below, the answer to this question very much depends upon the mechanistic basis
for the observed relationship.

If the cumulative carcinogen model is correct, breast cancers that women were diagnosed
with were caused by alcohol drinking earlier in life. Therefore, the cessation of drinking by
postmenopausal women would have no effect on their breast cancer risk. Rather, the greatest
overall benefit to women’s health would come from educating younger women about the
long-term risks of breast cancer from alcohol drinking. In view of the work of (Chen et al.,
2011) indicating that binge drinking is associated with alcohol-related breast cancer risk,
that information should be disseminated as well. In this context, recent data indicating that
binge drinking by women appears to be increasing (Keyes et al., 2011) is particular cause for
concern.

The question of whether postmenopausal women should stop drinking is not without
consequence. According to epidemiologic studies, moderate alcohol consumption decreases
the risk of cardiovascular disease in women by 17% (Hvidtfeldt et al., 2010) and stroke by
21% (Jimenez et al., 2012). Notably, the magnitude of these health benefits of moderate
alcohol drinking are comparable to the 8-27% increased breast cancer risk of moderate
alcohol drinking (Allen et al., 2009; Chen et al., 2011; Li et al., 2010). Therefore, suggesting
that postmenopausal women stop drinking due to concern about breast cancer risk may in
fact be counterproductive to their overall health and mortality (see also Fuchs et al., 1995).
This is especially true if, as proposed above, alcohol acts as a cumulative carcinogen, and
most if not all of the effects of alcohol on breast cancer risk were the result of drinking (or
binge drinking) decades earlier in life. In contrast, the mechanistic basis for the
cardiovascular benefits of alcohol are well documented, including relatively acute effects on
lipid profile, platelets, and the atherogenic process (Zakhari, 1999). The need to consider
alcohol-related breast cancer risk in the context of the overall effect of alcohol on women’s
health risk was recognized many years ago (Longnecker et al., 1995a).

In contrast, if the tumor promoter model is correct, and alcohol acts on a latent tumor, then
women without tumors are not at elevated risk of breast cancer from alcohol drinking. If so,
then the cessation of drinking by these women would have no benefit in terms of breast
cancer risk. For women with latent tumors, cessation of drinking could delay the diagnosis
of breast cancer. As discussed above, the epidemiologic results do not support a pure tumor
promoter mechanism. However, it is possible that ethanol acts as both a weak cumulative
carcinogen and tumor promoter. Therefore understanding the mechanistic basis of the tumor
promoter effect may be important clinically.

It is clear that even one drink/day significantly increases serum DHEAS levels in
postmenopausal women (Dorgan et al., 1994). DHEAS can be metabolized to estrogen in
situ, by pathways involving steroid sulfatase and aromatase activities (Geisler et al., 2011).
The resulting estrogen could then increase the growth rate or other characteristics of ER+
breast cancers. If this hypothesis is correct, then aromatase inhibitors (Goss et al., 2011),
and/or steroid sulfatase inhibitors (Geisler et al., 2011) would be protective against alcohol
related breast cancer.
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In a similar manner, the elucidation of other tumor promoter mechanisms may have
implications for clinical intervention in alcohol-related breast cancer. If the tumor promoting
effects of ethanol involve stimulation of the EMT or tumor invasiveness, then drugs to
counteract these effects could also be beneficial (Creighton et al., 2010).

Future Directions

Multiple large epidemiologic studies have shown that a relationship exists between self-
reported alcohol drinking and breast cancer in women (Allen et al., 2009; Chen et al., 2011;
Hamajima et al., 2002; IARC, 2010; Li et al., 2010). Therefore, additional epidemiologic
studies further documenting this relationship are unlikely to increase our understanding. To
assess mechanisms, and therefore develop mechanism based interventions, more information
about drinking patterns over the lifetime in relation to breast cancer risk is needed. The
study of Chen et al. (2011) represents an important first step in this direction, but more data
are needed. Application of the lifetime exposure classification metrics which capture binge-
type drinking at different age periods (e.g. Kerr and Ye, 2010) could be useful.

From the mechanistic standpoint, some of the issues could be addressed by animal models.
Regarding the tumor promoter mechanism, a recent report (Wong et al., 2011a) showed that
ethanol promotion of mammary tumors in transgenic mice depended upon ovarian
hormones, clearly consistent with an estrogen mediated tumor promoter mechanism.
However, the extent to which mammary tumors in this and other rodent models are related
to breast cancer in humans is an important unanswered question.

An important question is whether ethanol is a complete carcinogen in mammary tissue. The
most compelling animal data is that of (Watabiki et al., 2000) who showed that 45% of
female mice given 10-15 % ethanol in drinking water for 23 months developed mammary
tumors, compared to 0% in control mice drinking water alone. While this is an impressive
result, it is worth noting that the study design did not control for total caloric intake, and
blood alcohol concentrations were not measured. Furthermore, the study used ICR mice,
which are an outbred strain. In view of these issues, and the importance of this study,
replication of this finding in a standard inbred mouse strain with control for total calories
would be extremely valuable. Such a result would provide a foundation for future studies
using genetically modified mice to rigorously address some of the clinically relevant
mechanistic questions raised above, such as the potential role of CYP2E1.

Conclusion

Multiple epidemiologic studies have identified a relationship between moderate alcohol
consumption and breast cancer risk in women. However, important questions remain about
the mechanistic and temporal basis of this relationship, which impact the interpretation of
the epidemiologic results, and their implications for disease prevention and women’s health.
With refined epidemiological study designs, as well as mechanism-based research, it should
be possible to provide better answers to these questions, so that women, in consultation with
their health care providers, can make informed decisions about the health consequences of
alcohol consumption at different stages of their lives. Such information should also allow
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the development of rational clinical interventions to reduce ethanol-related breast cancer
mortality.
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Figure 1.
Representation of the temporal relationship between lifetime alcohol consumption and

breast cancer for a hypothetical woman who enters a prospective epidemiologic study (e.g.
Allen et al., 2009). The top of the figure represents a normal breast cancer cell (green) which
undergoes phenotypic changes (yellow, brown), becoming an immortalized cancer cell (red).
The vertical black lines mark the beginning and end of the prospective study. The cancer
cell grows over a period of years, ultimately becoming large enough to be detected by
screening. The heavy blue line represents alcohol consumption remaining steady at 1 drink/
day.
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Simplified model to illustrate how alcohol could act as both a cumulative carcinogen and a
tumor promoter, depending upon when the drinking occurs. The possible mechanisms

discussed in the text are shows above each phase.
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