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Abstract
According to the Global Burden of Disease project (based on a group of mortality-related indicators), the World Health 
Organization states that alcohol is a major cause of high mortality in the world, contributing to 1.8 million deaths per year. In 
2018, according to WHO data, about 4.2 million people in the European region were diagnosed with cancer (excluding non-
melanoma skin cancer), with 4.3% of cases linked to alcohol consumption. So around 180,000 cancer cases (70,000 among 
women and more than 110,000 among men) were associated with alcohol consumption, resulting in nearly 92,000 cancer-
related deaths.
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According to the Global Burden of Disease project (based on 
a group of mortality-related indicators), the World Health 
Organization states that alcohol is a major cause of high 
mortality in the world, contributing to 1.8 million deaths per 
year [17] [1].  

In 2018, according to WHO data, about 4.2 million people in 
the European region were diagnosed with cancer (excluding 
non-melanoma skin cancer), with 4.3% of cases linked 
to alcohol consumption. So around 180,000 cancer cases 
(70,000 among women and more than 110,000 among men) 
were associated with alcohol consumption, resulting in 
nearly 92,000 cancer-related deaths.
 
Analysis of literature sources shows that alcohol abuse 
increases the risk of salivary gland cancer among men by 
2.5 times [19] [2]. Epidemiological studies indicate a dose-
dependent relationship between alcohol consumption and 
colon and rectal cancer [6] [3]. According to some studies, 
up to 25% of breast cancer cases are attributed to alcohol 
exposure [13] [4].

The combined alcohol abuse and smoking significantly 
increases the risk of cancer. People who smoke and abuse 
alcohol have a 35 times higher risk of developing oral and 
esophageal cancer than those who don’t drink or smoke [15] 
[5]. 

There are different mechanisms of the carcinogenic effect of 
alcohol. Alcohol leads to a defect in the mucous membrane, 
which increases the risk of gastrointestinal cancer [9-14] [6-
17].

According to global studies, alcohol abuse is associated 
with a twofold increase in the risk of hepatocellular 
carcinoma (HCC) [18]. Chronic alcohol consumption leads 
to the development of liver cirrhosis, which subsequently 
progresses to HCC, a common malignant neoplasm [19].

Alcohol consumption in Republic of Belarus is a topical 
issue and according to the statistics we can see that in 2021 
it affected 12,734 people, but in 2020 there were 13,016 
people (Belstat statistics). An analysis of statistical data on 
the production and consumption of alcohol in Belarus shows 
the presence of a negative trend of significant growth in these 
indicators and an unfavorable current alcohol situation [19]. 
During to the last 12 years, the production of alcohol in the 
country has increased.

Alcohol is absorbed in the stomach and intestines, while 
90% of it is transported through the portal vein to the liver 
and the remaining portion is excreted through respiration 
and urine [19]. 

There are two pathways of the metabolism of ethanol in the 
liver: oxidative and non-oxidative. [20].

The main pathway of ethanol metabolism is oxidative. It 
consists of two steps. First, ethanol is oxidized to acetaldehyde 
with the help of alcohol dehydrogenase (ADH). The second 
step in the oxidative way is the conversion of acetaldehyde 
into acetate with the help of aldehyde dehydrogenase 
(ALDH). Acetate is metabolized into carbon dioxide, fatty 
acids, and water in peripheral tissues, not the liver [21].
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The role of catalase in ethanol metabolism hasn’t been 
definitively studied yet. Inside the cell, catalase is localized 
in peroxisomes, which are responsible to oxidate a lot of 
biologically active substances. In chronic alcohol intoxication, 
the role of the catalase-mediated oxidation way increases 
due to several factors. One of them is that the main alcohol 
dehydrogenase pathway of ethanol oxidation is insufficient, 
since it requires the presence of oxidized NAD+, the 
concentration of which decreases with repeated or massive 
alcohol intoxication. When studying an experimental model 
of alcoholism, it was found that the number of peroxisomes 
in liver cells and their peroxide-generating activity increases. 
The existence of an autonomous system of complete 
oxidation of alcohol to acetate in peroxisomes has also been 
established [1-12].

Excess acetaldehyde alters the functions and structures of 
mitochondria in liver cells, reduces the activity of enzymes in 
the Krebs cycle and the pentose phosphate shunt, which are 
important for the body. This creates a devastating "vicious 
cycle" for the body — acetaldehyde, accumulating during 
alcohol abuse, affects its processing systems, which leads to an 
even greater accumulation of acetaldehyde and, accordingly, 
to even greater damage to its processing systems [22]. Under 
the influence of highly toxic acetaldehyde, hepatocytes are 
destroyed, and dystrophic processes develop in the liver. 
It also has a carcinogenic effect and is capable of causing 
mutations and gross chromosomal aberrations. In the liver, 
acetaldehyde binds to nucleotide sequences in oncogenes 
and tumor suppressor genes to form stable products. This 
mechanism represents one of the ways in which acetaldehyde 
contributes to tumor development [23]. 

A small fraction of ethanol is metabolized by non-oxidative 
pathway [21]. A small amount of alcohol is nonoxidatively 
conjugated to various endogenous metabolites by different 
enzymes. For example, enzymatic esterification of alcohol 
with fatty acids leads to the formation of ethyl esters of fatty 
acids, and phospholipase D catalyzes transphosphatidyla-
tion of phosphatidylcholine with ethanol to form phospha-
tidylethanol. In addition, alcohol conjugated to glucuronic 
acid and sulfate generates ethyl glucuronide and ethyl sul-
fate [23].

Liver is the main organ responsible for metabolizing ethanol, 
so it suffers the most.  Acetaldehyde, acetate, fatty acid 
ethanol esters, ethanol-protein adducts, have been regarded 
as hepatotoxins that directly and indirectly exert their toxic 
effect on the liver [Rocco A,]. Excessive alcohol consumption 
activates the non-oxidative pathway, increases the 
expression and activity of cytochrome P450 and promotes 
the production of acetaldehyde through the formation of 
reactive oxygen species [23].

In experimental colorectal carcinogenesis the inhibition of 
acetaldehyde dehydrogenase with elevated acetaldehyde 
levels results in an acceleration of cancer development [4]. 
Genetic studies in humans provide additional evidence that 
acetaldehyde is, to a certain extent, a carcinogen [17]. 

People with a slow conversion rate of acetaldehyde to 
acetate due to polymorphisms and/or mutations in genes 
encoding enzymes responsible for acetaldehyde formation 
and detoxification have an increased risk of developing 
hepatocellular carcinoma (HCC) [8].

Aberrant epigenetic mutations, including altered DNA 
methylation, characterize a wide range of diseases, including 
tumors [21]. The epigenome of tumor cells is more unstable 
and changes more frequently in DNA methylation and 
histone modification [Rodriguez], including the following: 
hypomethylation of specific promoters, leading to aberrant 
activation of oncogenes and causing loss of imprinting in 
other DNA regions.

According to the last researches alcohol can induce 
epigenetic changes, particularly aberrant DNA methylation, 
which may also be significant factors contributing to alcohol-
induced carcinogenesis. For example, excessive alcohol use 
is associated with increased risk of liver cancer, which is 
characterized by global DNA hypomethylation as well as 
hypermethylation of certain genes [6].

Promoter hypermethylation of DNA repair gene and cell 
division control gene become abnormally "silent", which 
leads to epigenetic disorders in tumors [8].

Ethanol can also contribute to carcinogenesis through the 
induction of oxidative stress which is recognised as a key 
determinant of disease initiation [9].  The generation of re-
active oxygen species (ROS) results from increased secretion 
of inflammatory cytokines caused by chronic inflamma-
tion   [5]. ROS-induced DNA damage, genomic vulnerability 
of hepatocytes and T-lymphocyte suppression contribute to 
HCC development [5]. 

Oxidative stress can be caused by the activation of certain 
pathways that produce reactive oxygen species (ROS), 
such as superoxide anion and hydrogen peroxide. One 
pathway by which ethanol achieves this is through increased 
CYP2E1 activity which produces high quantities of ROS 
whilst oxidising ethanol to acetaldehyde [10]. It was shown 
that alcohol abuse increases the expression of CYP2E1 in 
the esophagus [10]. Other sources of ROS during ethanol 
metabolism include the mitochondrial respiratory chain 
and some cytosolic enzymes [3]. As ROS are highly reactive, 
their presence can lead to lipid peroxidation producing 
aldehydes which can bind to DNA forming etheno-DNA 
adducts [11]. These ethe-DNA adducts, namely 1, N6-
ethenodeoxyadenosine and 3, N4-ethenodeoxycytidine, are 
highly mutagenic as they lead to mutations in several genes 
involved in key cell cycle regulation and tumour suppression 
[14].

Reactive oxygen species (ROS) van damage cellular 
metabolism [15]. ROS can act as messengers in intracellular 
signaling pathways for activation of various transcription 
factors such as nuclear factor-κB (NF-κB) [16]. ROS can 
promote cell proliferation and metastasis by interfering with 
mitogen-activated protein kinase signaling pathways and 
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activating vascular endothelial growth factor (VEGF) and 
monocyte chemoattractant protein-1 (MCP-1), which can 
stimulate angiogenesis [13]. 

Moreover, studies performed on mice fed an alcohol diet 
have shown exacerbation of inflammation, epithelial-
mesenchymal transition (EMT) and fibrosis, and consequent 
progression to HCC [2]. Pure ethanol does not directly cause 
inflammation and liver damage, however, toxic by-products 
of alcohol catabolism such as accumulation of acetaldehyde 
and free radicals can influence oxidative stress, apoptotic 
cell death, necrosis and necroptosis [18]. 
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