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Abstract
Background: Alcohol use is an important and potentially 
modifiable risk factor for gastrointestinal cancers. The more 
and the longer a person drinks, the higher the risk of cancer 
becomes. Even modest use of alcohol may increase cancer 
risk; 100 g of alcohol per week or less is currently considered 
to be the limit of low-risk use. Gastrointestinal Cancer Risk: 
Alcohol is causally associated with oesophageal squamous 
cell cancer, gastric cancer, hepatocellular carcinoma, colorec-
tal cancer, and most likely also with pancreatic cancer. Alco-
hol when combined with tobacco smoking or excess body 
weight can act synergistically to cause gastrointestinal can-
cer. Exposure to alcohol may have contributed to the recent 
incidence increases of early-onset gastrointestinal cancers in 
some Western countries. Conclusions: People with long-
term risky alcohol use should be encouraged to join cancer 
screening programmes. Alcohol cessation appears to be ef-
fective in reducing the alcohol-induced, increased cancer 
risk. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Alcohol use is a significant and potentially modifiable 
risk factor for several gastrointestinal cancers. The im-
portance of alcohol as a contributing factor to the gastro-
intestinal cancer burden is generally underappreciated 
[1–3]. Addressing high-risk alcohol use is one strategy to 
reduce the burden of gastrointestinal cancer. Alcohol in-
take is causally associated with oropharyngeal and larynx 
cancer, oesophageal (squamous cell) and gastric cancer, 
hepatocellular carcinoma, breast cancer, colorectal carci-
noma (CRC), and most likely also with pancreatic cancer 
[3–4]. The list of alcohol-associated cancers is still grow-
ing. Even modest use of alcohol may increase cancer risk, 
in particular when combined with either tobacco smok-
ing or excess body weight [5–8]. 

The threshold of alcohol use for the lowest risk of all-
cause mortality has recently been lowered to about 100 g/
week for high-income countries [9]. For cardiovascular 
disease subtypes other than myocardial infarction, there 
are no risk thresholds below which lower alcohol con-
sumption stops being associated with lower disease risk 
[10]. 
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Alcohol-Mediated Carcinogenesis

The International Agency for Research on Cancer 
(IARC) has concluded that acetaldehyde derived from al-
coholic beverages is a group 1 carcinogen to humans. This 
IARC conclusion is based on gene-epidemiologic find-
ings on ALDH2-deficient alcohol drinkers and concerns 
especially alcohol-related upper digestive tract cancers [1, 
2, 11, 12]. The WHO stated that alcohol caused more than 
3 million deaths each year (5.3% of all deaths worldwide), 
and that about 13% of those were due to cancers [13]. The 
main component of alcoholic drinks is ethanol. Once  
ingested, alcohol (ethanol) is metabolized by alcohol de-
hydrogenase (ADH) into acetaldehyde, which by alde-
hyde dehydrogenase (ALDH) is then oxidized to acetate 
[14, 15]. 

Acetaldehyde exerts permanent damage on DNA 
strands, inhibits DNA repair mechanisms, and shortens 
telomere length [14–16]. Alcohol promotes ROS genera-
tion and impairs the function of scavenger systems, there-
by promoting oxidative stress and contributing to genet-
ic instability [14–16]. The microbiome plays an impor-
tant role as a link between alcohol use and gastrointestinal 
carcinogenesis [3, 14, 15].

Genetic Susceptibility
There is no clinical evidence that the ethanol molecule 

in itself is genotoxic or mutagenic. 
ALDH: evidence has accumulated for genetic suscep-

tibility to the carcinogenic effect of alcohol. There are mu-
tations of the ALDH enzyme. The mutated ALDH2–2 al-
lele codes for an inactive form of ALDH. People with a 
mutated ALDH2–2 allele accumulate acetaldehyde and, 
if they ingest alcohol, they are exposed to a much higher 
risk of alcohol-mediated cancers than people with a wild-
type allele. ALDH2–2 mutations occur commonly in 
(East) Asian countries [5, 17]. In Japan for example, up to 
40% of the population are heterogenous for the ALDH2 
gene and are therefore at a higher risk of alcohol-related 
upper digestive tract cancers [18]. About 36% of East 
Asians (Japanese, Chinese, and Koreans) exhibit a char-
acteristic physiological response to alcohol drinking 
which includes facial flushing, nausea, and tachycardia. 
This so-called alcohol flushing response (synonyms: 
“Asian flush” or “Asian glow”) is predominantly due to 
an inherited ALDH2 deficiency. 

ADH: the allele ADH1C*1, a polymorphism of AD-
H1C, codes for an enzyme with high capacity to generate 
acetaldehyde. Thus, the genotype ADH1C*1/1 is an inde-
pendent risk factor for alcohol-mediated cancers in 
drinkers. People with the latter genotype have a genetic 
predisposition for alcohol-associated cancers [17, 19]. In 
the study by Homann et al. [19], high-risk alcohol drink-
ers homozygous for ADH1C*1 had a significantly higher 

risk for developing cancers of the oral cavity, oropharynx, 
hypopharynx, larynx, and oesophagus, most likely due to 
higher salivary acetaldehyde levels. Furthermore, indi-
viduals who are homozygotes for the genotype AD-
H1C*1/1 are at a particularly high risk of CRC if they 
drink more than 30 g of alcohol a day [20]. Based on these 
genetic studies it is very likely that acetaldehyde gener-
ated by bacteria in the colon from ethanol, which has the 
same concentration as in the blood, may at least in part 
be responsible for alcohol-associated, colorectal carcino-
genesis. 

Oral and Oesophageal Microbiome and Acetaldehyde 
Production
Poor oral health is a risk factor for oral and oesopha-

geal carcinogenesis. The resident microbiome plays a key 
role in exposure of the upper digestive tract mucosa to 
acetaldehyde. Oral dysbiotic microbiome leads to in-
creased growth of opportunistic pathogens (such as Can-
dida yeasts) and may cause an up to 100% increase in the 
local acetaldehyde production, which is further modified 
by organ-specific expression and gene polymorphisms of 
ethanol-metabolizing and acetaldehyde-metabolizing 
enzymes. The oropharynx forms a continuity with the oe-
sophagus and stomach via saliva and oral microbes, which 
both play an essential role in the pathogenesis of alcohol-
related upper digestive tract cancers. A point mutation in 
the ALDH2 gene has randomized millions of alcohol con-
sumers to markedly increased local acetaldehyde expo-
sure via saliva and gastric juice, leading to a manifold in-
creased risk for upper digestive tract cancers. 

Due to a single point mutation in the ALDH2 gene the 
oropharynx provides a unique gene-epidemiologic and 
gene-biochemical human cancer model for long-term lo-
cal acetaldehyde exposure. The model conclusively proves 
the causal role of local acetaldehyde not only in alcohol-
related oropharyngeal but also in oesophageal and gastric 
cancer [11]. Regarding this gene mutation-based model, 
it is important to note that homozygotic ALDH2-defi-
cient persons (with zero ALDH2 activity) are generally 
not able to drink alcohol at all because of severe “Anta-
buslike” flushing and other unpleasant reactions. On the 
other hand, many heterozygotic ALDH2-deficient per-
sons (with some ALDH2 activity) are alcohol consumers 
or even heavy drinkers or alcoholics. If that is the case, 
they have dose-dependent increased risks of oropharyn-
geal, oesophageal, and gastric cancer. When they ingest 
ethanol, they have 2-fold higher acetaldehyde levels in sa-
liva and 5 times higher acetaldehyde levels in gastric juice 
[12]. The cumulative, alcohol-associated cancer risk per 
standard drink/day (12 g of ethanol/day) is highest in 
oropharyngeal cancer. At best, a person would never con-
sume tobacco, alcohol, or both. However, even smoking 
cessation and moderation of alcohol consumption are as-
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sociated with a marked decrease in local acetaldehyde ex-
posure and alcohol-related cancer risk, especially among 
established risk groups [12].

Colorectal Cancer

There is a non-linear dose-response association be-
tween alcohol use and CRC risk (see Fig.  1) [4]. The 
World Cancer Research Fund/American Institute for 
Cancer Research (WCRF/AICR) report on alcohol and 
risk of cancer concluded in 2018 that starting from a con-
sumption of 30 g daily the risk of CRC increased by 7% 
for every additional 10 g in daily alcohol intake [4]. 

Recent reports show that the incidence of CRC is in-
creasing in a stepwise manner in successively younger 
birth cohorts both in the USA and Europe [21, 22]. To-
days’ 20- to 40-year-olds, i.e., young adults, have twice the 
CRC risk their parents had at the same age. The causes of 
these recent epidemiological trends are far from clear. 
Some experts blame our modern sugary diet and excess 
body weight, while others think that alterations in intes-
tinal microbiota, physical inactivity, and sedentary life-

styles may play a role. A possible role of alcohol use in 
early-onset CRC should also be taken into account [23–
25]. In the USA the rate of alcohol use disorders has shot 
up 50% in the past 10 years – reflecting an 80% spike for 
women, according to the most recent National Epidemi-
ologic Survey on Alcohol and Related Conditions [26]. 
The highest incidence increases were observed in people 
aged 25–34 years. Among the youngest age group (18–29 
years), the prevalence rate of high-risk alcohol drinking 
was 19%. Similar trends for alcohol use have been report-
ed in some other countries. In the UK, consumption of 
cider, wine, and spirits increased by 150–400% over a 30-
year time period from 1980 to 2013 [27]. Need of action 
has been consented. 

Alcohol Use and Excess Body Weight
In several Western countries, more than half of the 

adult population and about a third of adolescents are af-
fected by excess body weight. Alcohol drinking and obe-
sity may interact additively or even synergistically to 
cause CRC [7]. With both risk factors being present con-
currently already at a young age, their combined carcino-
genic actions may contribute to early-onset CRC in young 

Fig. 1. Non-linear dose-response associations between alcohol intake and risks of oesophageal (squamous cell), 
gastric, hepatocellular, and colorectal cancers. This material has been reproduced from the World Cancer Re-
search Fund/American Institute for Cancer Research [4] (with permission).
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adults. If alcohol consumption was completely abolished –  
in a theoretical scenario – CRC would be the neoplasm 
with the second highest absolute number of cancers pre-
vented.

CRC is one of the few cancer diseases in which screen-
ing yields impressively great benefits. Screening colonos-
copy can either prevent CRC by removing colorectal ad-
enomas or detect CRC at such an early stage in most CRC 
patients being screened that cure is generally possible. 
Due to the recent epidemiological changes in early-onset 
CRC the American Cancer Society released an updated 
guideline for CRC screening in 2018. The new recom-
mendations say CRC screening should begin at a young-
er age, i.e., at the age of 45 years for people at average risk 
[28]. Thus, people with risky alcohol intake are well ad-
vised to go for screening colonoscopy at the age of 45. 

Oesophageal Cancer

Oesophageal cancer is the sixth leading cause of cancer 
death in the world and is classified into two major histo-
logic types: (o)esophageal squamous cell carcinoma 
(ESCC) and adenocarcinoma [3]. Consumption of alco-
holic drinks is a convincing cause of ESCC. No threshold 
exists. There is a non-linear dose-response association 
between alcohol use and ESCC risk (see Fig. 1) [4]. Gene 
polymorphisms (ALDH2*1*2; ALDH2*2*2; ADH1B*2; 
ADH1C*1), tobacco smoking, oral microorganisms, and 
folate deficiency synergistically enhance the carcinogenic 
effect of alcohol to induce ESCC [12, 17–19]. Unfortu-
nately, the majority of drinkers are also tobacco smokers 

[29]. Epidemiological studies on alcohol use and con-
comitant smoking have consistently revealed positive, 
synergistic carcinogenic effects between alcohol intake 
and tobacco smoking to cause ESCC (see Fig. 2) [5, 17]. 

In individuals with normally active ALDH2 enzyme 
(for instance in all Caucasians), blood acetaldehyde levels 
after ethanol drinking are not elevated. When adequate 
methodology (no artefactual in vitro acetaldehyde forma-
tion from ethanol) is used, blood acetaldehyde levels dur-
ing ethanol consumption are under the detection limit  
(2 µM). The absolutely highest acetaldehyde levels after 
alcohol drinking are found in saliva. Instantly after a sip 
of alcoholic beverage, peak salivary acetaldehyde levels 
are above 250 µM, i.e., clearly mutagenic. The instantly 
elevated acetaldehyde levels in saliva continue for up to 
10 min after each sip. All this acetaldehyde is of micro-
bial origin, i.e., produced from ethanol by several micro-
bial ADH enzymes under aerobic conditions prevailing 
in the mouth. ALDH2 deficiency results in doubling of 
long-term acetaldehyde exposure via saliva (i.e., after the 
distribution phase of alcohol to the whole water phase of 
the human body). This excess acetaldehyde is most prob-
ably derived from salivary glands [11].

Smoking further boosts the high acetaldehyde levels in 
the saliva [12]. Tobacco smoke contains more than 70 
carcinogens and procarcinogens. Ethanol activates cyto-
chrome P4502E1 that metabolizes tobacco procarcino-
gens to carcinogens. It also decreases retinoic acid to me-
tabolites. A loss of retinoic acid has a negative effect on 
cell differentiation and thus enhances carcinogenesis 
[30]. Moreover, ethanol increases cellular membrane per-
meability and acts as a solvent to facilitate penetration of 
(pro-)carcinogens into the intracellular domain of muco-
sal epithelial cells [5, 14, 15]. High-risk alcohol drinkers 
who smoke should be advised to quit alcohol and tobacco 
and should consider going for a screening oesophagogas-
troduodenoscopy. Patients with (previous) head and 
neck cancers and (previous) alcohol use should be sur-
veilled endoscopically for a second primary ESCC [31]. 

Gastric Cancer

At higher levels of alcohol intake (from 45 g of alcohol 
per day) there is a non-linear dose-response association 
between alcohol use and gastric cancer risk (see Fig. 1) [4]. 
The association is consistent for both cardia and non-car-
dia gastric cancers. In contrast, most studies reported that 
light alcohol consumption had no significant effect on 
gastric cancer [3, 32]. In the EPIC study with 11.4 years of 
follow-up, the healthiest score of three lifestyle factors 
(no/little alcohol consumption, no tobacco smoking, and 
adherence to a Mediterranean diet) was associated with a 
significant (up to) 50% decrease in gastric cancer risk [33]. 

Fig. 2. Combined exposure to alcohol use and cigarette smoking 
and risk of developing oesophageal squamous cell cancer. Alcohol 
(ethanol) consumption is given in millilitres of pure alcohol used 
per day. OR, odds ratio; CI, confidence interval. The material has 
been reproduced from Peng et al. [5] (with permission).
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The incidence of early-onset cardia cancer is increas-
ing in the USA [21]. (High-risk) alcohol use should be 
considered as one of the risk factors possibly contributing 
to this recent epidemiological trend in the USA [34–36]. 
People with ALDH2 polymorphism are at a higher risk of 
alcohol-mediated gastric cancer, even with moderate 
doses of alcohol intake [37]. This is in line with the obser-
vation that ingestion of a dose of ethanol by ALDH2-de-
ficient persons results in about 5 times higher acetalde-
hyde levels in gastric juice compared to that of ALDH2-
active persons [12].

Moreover, Helicobacter pylori is capable of oxidizing 
ethanol to acetaldehyde [38]. Important risk factors of 
gastric cancers comprise H. pylori infection, dietary fac-
tors (nitroso compounds, high-salt diet with few vegeta-
bles), lifestyle factors (tobacco smoking, excess body 
weight, alcohol use), family history, and atrophic gastritis 
[3, 4]. All these risk factors should be taken into account 
when counselling an individual with risky alcohol intake, 
regardless of age, to go for a screening esophagogastro-
duodenoscopy. 

Hepatocellular Cancer

At higher levels of alcohol intake (above about 45 g of 
alcohol per day) there is a positive, non-linear dose-re-
sponse relation between alcohol use and liver cancer (he-
patocellular cancer; HCC) risk (see Fig. 1) [4]. The asso-
ciation between ethanol use and HCC may be a direct tox-

ic effect, or an indirect one, since alcohol represents an 
important risk factor for liver cirrhosis, a predisposing 
condition for HCC. Concomitant alcohol use, diabetes 
mellitus, and obesity lead to an increased cumulative risk 
of HCC [6, 39]. Alcohol intake and obesity interact syner-
gistically to induce HCC (see Fig. 3) [6]. As both excess 
body weight and alcohol use are very prevalent in adoles-
cents [26, 40], (high-risk) alcohol intake when combined 
with excess body weight may have causally contributed to 
the increases of (early-onset) HCC in high-income coun-
tries [21]. The risk of alcohol-induced HCC can also be 
modified by the presence of chronic viral hepatitis (B, C), 
diabetes, or hemochromatosis, resulting in an increased 
cumulative HCC risk [39, 41, 42]. HCC is a major cause 
of liver-specific death in patients suffering from liver cir-
rhosis or non-alcoholic steatohepatitis. Early detection of 
asymptomatic HCC by liver ultrasound every 6 months 
should be offered to patients with liver cirrhosis; 6-month-
ly ultrasound scanning of patients with liver cirrhosis may 
also detect asymptomatic (early-stage) intrahepatic chol-
angiocellular carcinoma, a disease which some authors 
also include in the list of alcohol-associated cancers [43]. 

Pancreatic Cancer

The world’s deadliest major cancer – pancreatic can-
cer – still has a 5-year survival rate of about 9%. By 2030, 
it is projected to become the second leading cause of can-
cer-related death in the USA and the (first) leading cause 
of cancer deaths in the USA by 2050. Well-known risk 
factors include tobacco smoking, history of diabetes, 
chronic pancreatitis, excess body weight, H. pylori infec-
tion, and family history of pancreatic cancer. Alcohol in-
take is the fourth most important risk factor for pancre-
atic cancer, with a population-attributable risk of 3% [44, 
45]. At higher levels of alcohol intake (above about 40 g 
of alcohol per day) there is (limited) evidence of a non-
linear dose-response relation between alcohol use and 
pancreatic cancer risk [4]. 

There are multiplicative interactions between tobacco, 
alcohol, excess body weight, and diabetes to cause pan-
creatic cancer. The combination of tobacco smoking and 
(high-risk) alcohol use appears to lead to an increased 
cumulative risk of pancreatic cancer [8, 44, 46, 47]. The 
risk for pancreatic cancer may be reduced by 27% or more 
by modifying lifestyle risk factors [46, 48]. As alcohol use, 
tobacco smoking, and excess body weight are prevalent in 
US adolescents [26, 40], (high-risk) alcohol intake com-
bined with either excess body weight or smoking may 
have contributed to the recent increases in the incidence 
of early-onset pancreatic adenocarcinoma [21, 48–50]. 

In the average population there are to date no effective 
means available for the early detection of asymptomatic, 

Fig. 3. Synergistic interaction of obesity and alcohol consumption 
with the risk of hepatocellular carcinoma (HCC). Hazard ratios 
showing the risk of HCC stratified by extreme obesity and alcohol 
use status over a mean follow-up of 11.6 years. BMI, body mass 
index. The material has been reproduced from Loomba et al. [6] 
(with permission).
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early-stage pancreatic adenocarcinoma. For the time be-
ing, primary prevention is the best option to significantly 
reduce the burden of pancreatic cancer deaths [45–50].

Cancer Prevention: Preventive Oncology

Alcohol use is not the only potentially modifiable risk 
factor for gastrointestinal cancers. About 40% of gastro-
intestinal cancers may be preventable. In addition to al-
cohol intake, tobacco smoking, excess body weight, 
physical inactivity, unhealthy diet, and certain chronic 
infections are major modifiable risk factors [51]. Thus, 

clever organized cancer prevention programmes can sig-
nificantly reduce the burden of gastrointestinal cancer 
deaths. 
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