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Abstract

Cancer is a multifaceted process influenced by a complex relationship of ge-
netic, environmental, and lifestyle factors and remains a major global health
concern. This review explores the intricate connections between environ-
mental pollutants, industrial chemicals such as polycyclic aromatic hydro-
carbons, benzene, asbestos, dioxins, and cancer, focusing on both their role
in the initiation and progression of carcinogenesis and the potential for in-
terventions to mitigate their effects. To understand the underlying mecha-
nisms, the current review article summarized how these environmental fac-
tors interact with cellular pathways, including those involved in DNA dam-
age repair, cell cycle regulation, and apoptosis. Key environmental risk fac-
tors such as air, radiation, and water pollution, exposure to hazardous indus-
trial chemicals, and lifestyle-related toxins like tobacco are discussed in de-
tail. A holistic strategy that involves reducing exposure to environmental car-
cinogens and advancing safer chemical therapies may hold the key to break-
ing the cancer cycle.
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1. Introduction

Cancer is a multifaceted disease characterized by uncontrolled cell growth and
proliferation. While genetic mutations play a significant role, environmental fac-
tors and chemicals are increasingly recognized as critical contributors to cancer
development. Cancer has become a leading global health challenge, with an esti-
mated 19.3 million new cases and 10 million cancer-related deaths reported in
2020. The prevalence of cancer continues to rise, not only due to the aging popu-
lation but also because of increasing exposure to environmental carcinogens. The
burden of cancer is felt worldwide, but the impact is particularly heavy in low-
and middle-income countries, where healthcare infrastructure is less developed,
and environmental regulations may be more lax [1]. The economic costs of cancer
are staggering. In 2020 alone, the global economic burden of cancer was estimated
at $1.16 trillion, factoring in healthcare costs, lost productivity, and the long-term
care of patients. The social toll is equally severe, as cancer affects the quality of
life, mental health, and life expectancy of individuals and communities. Beyond
the direct impact on patients, families and societies bear a heavy burden, with
many experiencing financial hardship due to treatment costs [2].

Global disparities in cancer incidence and mortality reflect differences in
healthcare systems, access to early detection, and the prevalence of risk factors,

including several environmental and lifestyle factors (Figure 1). In high-income
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Figure 1. This figure exhibits the number of leading of risk factors leading to the develop-
ment and progression of various human cancers globally.
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countries, cancer survival rates tend to be higher due to better access to treatment,
whereas in lower-income regions, preventable cancers often go undiagnosed or
untreated [3]. Epidemiological studies have provided some evidence of an associ-
ation between exposure to environmental contaminants such as organochlorines
and increased cancer risk. However, many epidemiological studies have been in-
conclusive. Similar reviews concerning environmental influences in cancer aetiol-
ogy concluded that exposures to carcinogenic or endocrine-disrupting chemicals
exist at concentrations too low or have carcinogenic potential too weak to be con-
sidered a major factor in cancer aetiology [4]. In addition, studies show that low
oestrogenic potency cannot be used as a marker of the capability of a chemical to
cause oestrogenic responses and endocrine disruption. Genetic polymorphisms,
which can predispose people to cancer, may interact with environmental contam-
inants such as organochlorines and endocrine disrupters, thus providing a modi-
fying effect. Prevention measures have hitherto predominately centered on to-
bacco smoking cessation and diet education [5]. Anecdotal evidence from prac-
ticing physicians in pre-industrial and traditional living societies, such as Cana-
dian Inuits and Brazilian Indians suggests malignant disease was rare. A relatively
new theory other than the somatic mutation theory has been proposed, the main
premise being that carcinogenesis is a problem of tissue organization, comparable
with organogenesis. It is feasible that chemical environmental contaminants, in
particular synthetic pesticides and organochlorines with endocrine-disrupting
properties, could be major factors in cancer aetiology, particularly for hormone-
dependent malignancies, such as breast, testicular and prostate cancers [6] [7].
Animal and in vitro studies provide good evidence of a feasible mechanism whereby
environmentally relevant levels of organochlorines and substances of low oestro-
genic potency can cause endocrine disruption and consequently malignant dis-
ease. In addition, low oestrogenic potency should not be used as a marker of the
capability of a chemical to cause oestrogenic responses and endocrine disruption.
Preventative measures other than education about tobacco, diet and the promo-
tion of physical activity should be considered [8]. Moreover, it seems to be the
most vulnerable members of society: the developing foetus, the developing child
and adolescent and the genetically predisposed, who are at risk of developing can-
cer following involuntary exposure to environmental contaminants. This may be
an appropriate time for governments to adopt the precautionary principle until
substances to which members of society are involuntarily exposed are proven safe
from long-term, low-level effects on human health. The World Health Organiza-
tion estimates that between 1% and 5% of malignant diseases in developed coun-
tries are attributable to environmental factors, this figure may be underestimated.
Some Studies suggest that cancer could be caused by several risk factors from in-
dustrialization [9].

This review article investigates the relative contribution of different environ-
mental factors and chemicals to the proliferation of specific cancer types. By

integrating insights from recent studies, we aim to provide a comprehensive un-
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derstanding of how these factors influence cancer development and progression.
Our research question is: How do specific environmental chemicals and factors
contribute to the proliferation of different types of cancer, and what are the un-
derlying mechanisms? We aim to explore how specific environmental chemicals
and factors contribute to the proliferation of different types of cancer and what

the underlying mechanisms are.

2. Research Strategy

We conducted a systematic review of the literature, focusing on studies published
from 2020 to 2024. We used databases such as PubMed, Scopus, and Web of Sci-
ence, and employed keywords such as “environmental chemicals”, “cancer prolif-
eration”, “breast cancer”, and “lung cancer”. Studies were selected based on their

relevance to the research question and the quality of their methodology.

3. Breast Cancer

Breast cancer is the most prevalent form of cancer among women globally. Recent
studies have investigated the role of environmental chemicals, such as endocrine-
disrupting chemicals (EDCs), in breast cancer proliferation. EDCs, including bi-
sphenol A (BPA) and polychlorinated biphenyls (PCBs), have been shown to alter
the expression of microRNAs (miRNAs) involved in cell proliferation and apop-
tosis. For instance, BPA exposure has been linked to the upregulation of miR-21,
which promotes cell survival and proliferation. Additionally, exposure to pesti-
cides and other agricultural chemicals has been associated with an increased risk of
breast cancer. Epidemiological studies have found that women with higher levels of
pesticide residues in their blood have a higher incidence of breast cancer 26. The
mechanisms underlying these effects include the activation of estrogen receptors

and the disruption of hormonal balance, which can lead to uncontrolled cell growth.

4. Lung Cancer

Lung cancer is another major health concern, with environmental pollutants and
chemicals playing a significant role in its development. Air pollution, particularly
fine particulate matter (PM 2.5), has been linked to an increased risk of lung can-
cer. PM 2.5 can induce oxidative stress and inflammation, leading to DN A damage
and mutations in lung cells. Furthermore, exposure to asbestos and radon gas, com-
mon in occupational settings, has been strongly associated with lung cancer. Recent
studies have also highlighted the role of tobacco smoke in lung cancer proliferation.
Tobacco smoke contains numerous carcinogenic chemicals, including polycyclic ar-
omatic hydrocarbons (PAHs) and nitrosamines, which can cause DNA adducts and
mutations. These changes can lead to the activation of oncogenes and the inactiva-

tion of tumor suppressor genes, promoting uncontrolled cell growth.

5. Colorectal Cancer

Colorectal cancer is influenced by a combination of genetic and environmental
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factors. Dietary habits, such as high consumption of red and processed meats,
have been linked to an increased risk of colorectal cancer. These foods contain
heterocyclic amines (HCAs) and polycyclic aromatic hydrocarbons (PAHs), which
can cause DNA damage and mutations in colon cells. Exposure to certain chemi-
cals, such as organochlorine pesticides and polychlorinated biphenyls (PCBs), has
also been associated with an increased risk of colorectal cancer. These chemicals
can disrupt cellular signaling pathways and promote inflammation, leading to the
proliferation of cancer cells. Additionally, chronic inflammation, often caused by
environmental factors such as poor diet and lack of physical activity, can create a

microenvironment that supports cancer growth.

6. Role of Genetics and Environmental Factors in Cancer
Development

Cancer is a multifactorial disease that arises from the interplay of genetic, chemi-
cal, and environmental factors (Table 1). While hereditary genetic mutations ac-
count for approximately 5% - 10% of all cancers, the majority are influenced sig-
nificantly by environmental exposures, lifestyle choices, and interactions between
the two. Understanding this balance is critical in developing effective prevention
and treatment strategies [10]. Certain inherited genetic mutations, such as those
in the BRCA1 and BRCA2 genes, significantly increase the risk of breast and ovar-
ian cancers. Families with a history of hereditary cancer syndromes often exhibit
a higher incidence of specific cancers due to these genetic predispositions. Genetic
testing and counseling are vital for individuals with a family history of such can-
cers, enabling early detection and preventive measures. However, not all individ-
uals with genetic mutations will develop cancer; this variability is often influenced

by environmental factors [11].

Table 1. Key chemicals and their mechanisms in cancer proliferation.

Cancer types
Chemical agent Mechanism of action YPES peferences
affected
Polycyclic aromatic  Bind to the aryl hydrocarbon receptor L i
ung, skin,
hydrocarbons (AhR), leading to DNA damage and bl & 3d [12]
adder
(PAHs) mutations
Induces oxidative stress and DNA .
. Leukemia,
Benzene adducts, causing chromosomal [13]
. lymphoma
aberrations
Causes chronic inflammation and Lung,
Asbestos . . . [14]
DNA damage, leading to mutations mesothelioma
Disrupt endocrine and immune Liver, soft
Dioxins systems, leading to cell proliferation tissue [15]
and tumor formation sarcoma
Causes DNA-protein cross-links and Nasopharyn
Formaldehyde P pharyng [16]

mutations eal, leukemia
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The cancerous patients with a BRCA mutation may reduce their cancer risk
through lifestyle changes, such as maintaining a healthy weight and avoiding
smoking. Carcinogenesis is a multistep process, and tumors frequently harbor
multiple mutations regulating genome integrity, cell division and death. The in-
tegrity of the cellular genome is closely controlled by the mechanisms of DNA
damage signaling and DNA repair. The association of breast cancer susceptibility
genes BRCA1 and BRCA?2 with breast and ovarian cancer development was first
demonstrated over 20 years ago [17] [18]. Since then, the germline mutations
within these genes were linked to genomic instability and increased risk of many
other cancer types. Genomic instability is an engine of the oncogenic transfor-
mation of non-tumorigenic cells into tumor-initiating cells and further tumor
evolution. In this review, we discuss the biological functions of BRCA1l and
BRCAZ2 genes and the role of BRCA mutations in tumor initiation, regulation of
cancer stemness, therapy resistance and tumor progression. Environmental fac-
tors encompass a broad range of influences, including chemical exposures, radia-
tion, infectious agents, and lifestyle behaviors [19]. The relationship between the
domain functions of BRCA1/2 proteins and tumor development has been inten-
sively investigated in animal models, as reviewed elsewhere, although the results
of these studies are still awaiting confirmation by clinical data. About 70% - 80%
of the mutations in BRCA genes result in protein dysfunction or the absence of
protein products [20]. These mutations were confirmed as clinically relevant and
are associated with an increased risk for the development of hereditary malignan-
cies. Many studies have also reported an association of BRCA1/2 mutations with
tumor aggressiveness and poor clinical outcomes in cancer patients. A large num-
ber of studies demonstrated the association of BRCA1/2 mutations in prostate
cancer patients with an increased rate of intermediate- and high-risk disease [21].
On the other hand, clinical studies of the potential correlation between BRCA1
and BRCA2 mutations and outcomes in breast cancer patients provide conflicting
results. Cancer stem cells (CSCs) are hypothesized to be the driving force behind
tumor formation and recurrence. Genetic alterations that deregulate signaling
pathways controlling stem cell proliferation, self-renewal, and metabolism are
crucial in the formation and maintenance of CSCs [18]. Epigenetic modifications,
such as DNA methylation and histone modification, can also play a significant
role in cancer proliferation. (See Table 2) These changes can alter gene expression
without changing the DNA sequence, leading to uncontrolled cell growth and tu-

mor development [22].

7. Gene-Environment Interactions

The interaction between genetic predispositions and environmental factors is
complex (Figure 2). Certain individuals may be more susceptible to environmen-
tal carcinogens due to their genetic makeup. This concept is known as gene-
environment interaction, where specific genetic variants may modify an individ-

ual’s response to environmental exposures. For instance, individuals with specific
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DNA Damage

Table 2. Environmental factors and their impact on cancer proliferation.

Environmental Cancer types

Mechanism of action References
factor affected
. . Releases particulate matter and toxic gases, Lung, bladder,
Air pollution ] o [23]
causing oxidative stress and DNA damage breast
o Induces DNA double-strand breaks and Thyroid,
Radiation . ) [24]
chromosomal aberrations leukemia, breast
Occupational Exposure to carcinogenic chemicals in the Lung, bladder, (25] [26]
exposure workplace liver
. High intake of processed foods and red Colorectal,
Diet . ) (27]
meat, low intake of fruits and vegetables  breast, prostate
Lifestyle Smoking, alcohol consumption, sedentary ~ Lung, liver, (28] [29]

factors lifestyle colorectal, breast

Alteration o_f Proliferation,
Gene Expression development, and
Oxidative Stress - metastasis of cancer

Impact of Tumor
Microenvironment

Disruption of Cell Mutation in Signalling
Cyele Control Pathways such as p53

Figure 2. This diagrammatic figure illustrates the key alterations upon exposure to chemical and environmental factors, leading to

several changes, including inflammation, alteration of gene expression, the impact of tumor microenvironments, and mutation in

signaling pathways ultimately resulting in the development and metastasis of cancer cell.

metabolic enzyme variants may metabolize carcinogens more efficiently, thereby
increasing their risk of developing cancer when exposed to environmental toxins
[30]. Understanding the interplay between genetic and environmental factors is
crucial for developing personalized prevention strategies and targeted therapies.
Advances in genomics and epigenetics provide promising avenues for identifying
high-risk individuals and tailoring interventions to mitigate their cancer risk. En-
vironmental factors play a significant role in cancer development, contributing to
the majority of cancer cases worldwide. This section explores the major environ-
mental risk factors, including pollution, industrial chemicals, radiation, and life-

style choices, and their association with various types of cancers [31].

8. Pollution

Pollution is a well-documented risk factor for cancer, particularly lung cancer.
Studies have shown that exposure to particulate matter (PM 2.5 and PM 10), ni-
trogen oxides, and volatile organic compounds increases the risk of developing

respiratory and other cancers. Furthermore, urban areas with high traffic density
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often experience elevated levels of pollution, exacerbating health risks for resi-
dents. Water pollution is another critical concern, as contaminants such as arse-
nic, lead, and nitrates have been linked to various cancers, including bladder and
skin cancer. Long-term exposure to arsenic through drinking water has been as-
sociated with skin lesions, internal cancers, and developmental effects [32]. Long-
term exposure to ambient air pollution, particularly fine particulate matter (PM
2.5) and nitrogen dioxide (NO,), can cause DNA damage and mutations. For ex-
ample, a study found that a 5 ug/m? increase in PM 2.5 exposure is associated with
a 6% increased risk of overall urological cancer, and a 10 ug/m’ increase in NO, is
linked to a 3% higher risk. Indoor pollutants such as cooking fumes and second-
hand smoke can also cause DNA damage. A study analyzing pleural fluid for com-
mon air pollutants found biological evidence of these pollutants in the lungs, sug-
gesting their role in lung cancer [33]. Environmental pollutants can induce epige-
netic changes, including DNA methylation, histone modifications, and non-cod-
ing RNAs, which alter gene expression without changing the DNA sequence.
These changes can contribute to the development and progression of lung cancer.
Pollutants can trigger chronic inflammation, which is a known risk factor for can-
cer. Inflammation can lead to the production of reactive oxygen species (ROS),
causing oxidative stress and further DNA damage [34]. Particulate matter and
other pollutants can generate ROS, leading to oxidative stress and cellular damage,
which can initiate and promote cancer development. PAHs, found in vehicle ex-
haust and industrial emissions, are potent carcinogens. They can bind to DNA
and form adducts, leading to mutations and cancer. Arsenic and other heavy met-
als in drinking water and air can also cause cancer. Arsenic is particularly linked

to skin, lung, and bladder cancer [35].

9, Industrial Chemicals

Occupational exposure to hazardous chemicals has been implicated in the devel-
opment of many cancers. Carcinogens such as asbestos, benzene, formaldehyde,
and polycyclic aromatic hydrocarbons (PAHs) are commonly found in industrial
settings and have well-established links to specific cancers. Regulatory measures
to limit exposure to these chemicals in the workplace have proven effective in re-
ducing cancer incidence among exposed populations [36]. Pollution from chem-
ical facilities will likely affect the health of any exposed population; however, the
majority of scientific evidence available has focused on occupational exposure ra-
ther than environmental [37]. Consequently, this study assessed whether there
could have been an excess of cancer-related mortality associated with environ-
mental exposure to pollution from chemical installations for populations residing
in municipalities in the vicinity of chemical industries [38].

Many industrial chemicals are genotoxic, meaning they can directly damage
DNA. This damage can lead to mutations that initiate or promote cancer. For ex-
ample, benzene, a common industrial solvent, has been shown to cause genetic

damage and is linked to leukemia [18]. Polycyclic aromatic hydrocarbons (PAHs),
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which are produced in the petrochemical industry, are known to cause DNA dam-
age and are associated with lung cancer. Some chemicals can alter gene expression
without changing the DNA sequence, leading to epigenetic changes. These
changes can activate oncogenes or deactivate tumor suppressor genes, promoting
cancer development [39]. For instance, bisphenol A (BPA) has been shown to af-
fect epigenetic markers and is linked to colon cancer. Industrial chemicals can
induce oxidative stress by generating reactive oxygen species (ROS). ROS can
damage DNA, proteins, and lipids, leading to cellular dysfunction and cancer. For
example, exposure to hexavalent chromium (Cr (VI)) causes oxidative stress and
is linked to lung cancer. Chronic inflammation can create a microenvironment
that supports cancer growth. Chemicals that cause inflammation can indirectly
contribute to cancer. For instance, exposure to certain solvents has been associ-

ated with an increased risk of breast cancer [40].

10. Radiation

Radiation exposure, both ionizing and non-ionizing, is a well-known risk factor
for several cancers. Ionizing radiation, such as that from X-rays and nuclear fall-
out, has been linked to cancers including leukemia, thyroid cancer, and breast
cancer [41]. The risk is particularly heightened in children, who are more sensitive
to radiation effects. Non-ionizing radiation, including ultraviolet (UV) radiation
from the sun, is a significant cause of skin cancer, particularly melanoma [42].
Prolonged UV exposure leads to DNA damage in skin cells, increasing the likeli-
hood of mutations that result in cancer. Diagnostic medical radiation has been the
most rapidly increasing component of population background radiation exposure
in Western countries over the past decade. This trend is set to increase as CT scan-
ning is readily available with burgeoning use in everyday clinical practice. Conse-
quently, the issue of cancer induction from the doses received during diagnostic
medical exposures is highly relevant. The current understanding of potential can-
cer induction at low doses of sparsely ionizing radiation [41] [43]. For cancers that
may be induced at low doses, a mechanistic description of radiation-induced can-
cer is discussed, which, in combination with extrapolation of data based on pop-
ulation cohort studies, provides the basis of the currently accepted linear no-
threshold model. The assumptions made in deriving risk estimates, the contro-
versies surrounding the linear no-threshold model and the potential future chal-
lenges facing clinicians and policy-makers about diagnostic medical radiation and
cancer risk, most notably the uncertainties regarding deriving risk estimates from

epidemiological data at low doses [44].

11. Lifestyle Factors

Lifestyle choices, including diet, physical activity, smoking, and alcohol consump-
tion, significantly influence cancer risk [45]. Smoking is the leading preventable
cause of cancer, linked to various malignancies, including lung, mouth, throat,

and bladder cancers [46]. Lung cancer was a rare disease until the beginning of
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the twentieth century, but since then it has become the most common nonskin
malignancy worldwide, in terms of both incidence and mortality [47]. It accounts
for an estimated 772,000 new cases each year in men (18% of all nonskin cancers)
and 265,000 new cases amongst women (7%), less than half (42%) of which occur
in developing countries. The main histological types of lung cancer are squamous
cell carcinoma, small cell carcinoma, adenocarcinoma and large cell carcinoma
[48] [49]. The geographical and temporal patterns of lung cancer incidence are
largely determined by tobacco consumption patterns that took place two or more
decades earlier. Populations with a high incidence of lung cancer are, therefore,
those where tobacco consumption has been high during the last decades such as
the USA, Canada and the UK and lung cancer incidence is low in countries where
tobacco consumption has recently declined, including Sweden or consumption
has only increased lately (e.g. China, India, Africa) [50]. As men took up tobacco
use earlier than women, the increase in lung cancer incidence in men generally
precedes that in women by several decades. There is a vast body of evidence sup-
porting a causal association between tobacco smoking and the risk of lung cancer,
but few data show an effect of smokeless tobacco [51]. Relative risks (RR) in the
region of 10 - 15 are frequently quoted for the effect of smoking on lung cancer
risk, although this reflects the contribution of different aspects of tobacco smok-
ing. They concluded that the excess lung cancer risk rises in proportion to the
square of the number of cigarettes smoked per day but to the fourth or fifth power
of the duration of smoking. Other studies, however, suggest a comparable effect
of the amount and duration of smoking. Furthermore, the results of a recent large
case-control study conducted in several Western European countries suggest a
plateau in the excess risk above 15 - 20 cigarettes per day, although others have
not found evidence for this [52]. An important aspect of tobacco-related lung car-
cinogenesis is the effect of cessation of smoking. As compared with continuous
smokers, the excess risk sharply decreases in ex-smokers after approximately 5
years after quitting. Although in some studies the risk after 20 years since cessa-
tion approaches that of never smokers, an excess risk probably persists throughout
life. Age at the start of regular tobacco smoking is also important; smokers who
started before age 15 had a four- to fivefold higher risk of lung cancer than smok-
ers who started at age 25 or later. However, as periods of temporary quitting tend
to be short, there is a strong relationship between age, age at start, duration of
smoking and time since quitting, which makes it difficult to assess the independ-
ent effect of each temporal variable on lung cancer risk [53].

The risk of lung cancer is lower amongst smokers of low-tar and low-nicotine
rather than high-tar/nicotine cigarettes, smokers of filtered rather than unfiltered
cigarettes, and smokers of blond rather than black tobacco. It is difficult to sepa-
rate these effects as tar content, presence of filter and type of tobacco are not in-
dependent, as cigarettes are often high tar because they are unfiltered and/or made
of black tobacco. Other tobacco products, including cigars, cigarillos, pipes, hooka

or bidis and Chinese water pipes also increase lung cancer incidence, probably at
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a similar order of magnitude to cigarettes for comparable levels of consumption
[54]. Although tobacco smoking induces all major histological types of lung can-
cer, the strongest associations are with squamous cell and small cell carcinoma:
the RR for adenocarcinoma is four- to fivefold lower than for other histological
types. The frequency of different histological types of lung cancer has changed
over the last two decades in the USA and Europe, so squamous cell carcinoma has
become less common and adenocarcinoma more frequent. This potentially re-
flects changes in patterns of tobacco consumption, such as deeper inhalation of

low nicotine and tar tobacco smoke [55].

12. Diet and Obesity

A diet high in processed foods, red meats, and sugars, coupled with sedentary be-
haviour, contributes to obesity, which is a risk factor for several cancers, including
breast, colorectal, and endometrial cancers. Most of the molecular mechanisms
that induce obesity are also involved in the twelve Hallmarks of Cancer, with the
fundamental process being the consumption of a highly processed, energy-dense
diet and the deposition of fat in white adipose tissue and the liver. The generation
of crown-like structures, with macrophages surrounding senescent or necrotic ad-
ipocytes or hepatocytes, leads to a perpetual state of chronic inflammation, oxida-
tive stress, hyperinsulinemia, aromatase activity, activation of oncogenic path-
ways and loss of normal homeostasis [56]. Metabolic reprogramming, epithelial-
mesenchymal transition, HIF-1a signalling, angiogenesis and loss of normal host
immune surveillance are particularly important. Obesity-associated carcinogene-
sis is closely related to metabolic syndrome, hypoxia, visceral adipose tissue dys-
function, oestrogen synthesis and detrimental cytokine, adipokine and exosomal
miRNA release [42]. This is particularly important in the pathogenesis of oestro-
gen-sensitive cancers, including breast, endometrial, ovarian and thyroid cancer,
but also ‘non-hormonal’ obesity-associated cancers such as cardio-oesophageal,
colorectal, renal, pancreatic, gallbladder and hepatocellular adenocarcinoma. Ef-
fective weight loss interventions may improve the future incidence of overall and

obesity-associated cancer [57].

13. Alcohol Consumption

Regular consumption of alcohol has been associated with an increased risk of can-
cers such as breast, liver, and colorectal cancer. Among the risk factors for cancer
that can be modified, tobacco and alcohol use are noteworthy. Alcohol is one of
the few psychoactive drugs that are encouraged and accepted by society. Its con-
sumption is increasing worldwide, especially in developing countries. According
to Cancer Research UK (2012), there is evidence that, when compared to individ-
uals who do not consume alcohol and do not use tobacco, those who drink and
smoke have 50 times more chance of developing some form of cancer. In the UK,
alcohol is responsible, every year, for 4% of cancers [58]. Deaths that are related

to the consumption of alcoholic beverages amount to 1,804,000 per year or 3.2%
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of all deaths in the world. In addition, when ingested in excess, alcohol may also
be responsible for the development of heart disease, hypertension, stroke, pancre-
atitis and gastric ulcer [59] [60]. According to the World Health Organization, the
number of deaths and limitations caused by alcohol exceeds those caused by to-
bacco use. There is convincing evidence linking the consumption of alcoholic bev-
erages to cancers of the mouth, pharynx, larynx, oesophagus, breast and bowel,
the latter being only in men. In addition, there is a likely relationship between the
consumption of alcoholic beverages and an increased risk of colon cancer and
liver cancer in women [61].

Addressing these environmental risk factors through public health interven-
tions, regulations, and education can significantly reduce cancer incidence and

improve overall health outcomes. (See Table 3)

Table 3. Summarizes the data for multiple risk factors responsible for skin cancer.

Risk factor Description Associated cancers References
. Air pollution (PM 2.5, NOx) and Lung cancer, bladder cancer,
Pollution . . [25] [62]
water pollutants (arsenic, lead) skin cancer
Carci ic subst lik
Industrial arciogenic substances ke Mesothelioma, leukemia,
. asbestos, benzene, formaldehyde, [63] [64]
chemicals nasopharyngeal cancer
and PAHs
Ionizing (X-rays, nuclear fallout) Leukemia, thyroid cancer,
Radiation g (X-ray allout) ~ Leu 7 [65] [66]
and non-ionizing (UV radiation)  skin cancer (melanoma)
. Tobacco use, unhealthy diet,
Lifestyle o o ] Lung cancer, breast cancer,
physical inactivity, and high [28]
factors liver cancer, colorectal cancer

alcohol consumption

14. Comparative Perspectives and Controversies
and Gaps in the Literature

Several studies have explored the role of chemical exposure in cancer risk, often
with varying conclusions. For instance, while some studies have found a strong
correlation between exposure to specific chemicals and increased cancer risk, oth-
ers have reported mixed or inconclusive results. For example, the review assesses
the risk of cancer-related to occupational exposure to pesticides, comparing reg-
ulatory toxicity results with epidemiological observations [67]. The authors high-
light discrepancies between regulatory findings and epidemiological data, suggest-
ing that current regulatory frameworks might not fully capture the true risk posed
by pesticide exposure. Similarly, comparing different regression-based approaches
for estimating interactions between chemical mixture components in a case-con-
trol study on non-Hodgkin’s lymphoma, finding that different statistical methods
can yield varying results, emphasizing the need for robust and consistent meth-
odologies [68]. The impact of environmental factors on cancer proliferation is an-
other area of active research. One of the studies emphasizes the importance of

considering both genetic and environmental factors in cancer etiology, highlighting
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that carcinogenic chemicals can initiate and promote tumorigenesis [69]. In con-
trast, several challenges in attributing cancer cases to specific environmental ex-
posures have been observed, noting the lack of consensus within the scientific
community on how to resolve controversies when both positive and negative stud-
ies exist [70]. This highlights the complexity and multifactorial nature of cancer
etiology, where environmental factors interact with genetic predispositions in
ways that are not yet fully understood.

One of the major controversies in the field is the mechanisms by which chemi-
cals induce cancer. Organochlorine compounds, such as DDT and PCBs, are
known animal carcinogens and tumor promoters. However, the extent to which
these chemicals contribute to human breast cancer remains debated. Some stud-
ies, like, argue that exposure to environmental “estrogenic” chemicals can stimu-
late the proliferation of estrogen-sensitive breast cancer cells, while others, such
as, report conflicting findings on the relationship between food intake and breast
cancer risk [71]. These discrepancies underscore the need for more comprehen-
sive and standardized research methodologies. Another significant controversy is
the impact of chemical mixtures on human health. Most studies evaluate the risk
of individual chemicals, but humans are typically exposed to a cocktail of chemi-
cals in real life. The recent progress and tools for characterizing the health effects
of chemical mixtures, highlighting the significance of the area to be explored [72].
We emphasize the need for a more holistic approach to assessing the combined
effects of multiple chemicals, as traditional risk assessment methods may under-
estimate the true health impacts. There are also ongoing debates about the ade-
quacy of current regulatory frameworks and risk assessment methods. This debate
reflects broader concerns about the accuracy and reliability of current risk assess-
ment practices. Additionally, highlights the challenges in comparing different sta-
tistical methods for estimating interactions between chemical mixtures, suggest-
ing that more rigorous and standardized approaches are needed to ensure con-

sistency and reliability in risk assessment [73].

15. Conclusion

The review highlights the complex interplay between environmental and genetic
factors in the cancer cycle. For instance, exposure to environmental carcinogens,
such as pollutants and dietary toxins, can interact with genetic predispositions,
thereby increasing cancer susceptibility. However, their effectiveness can be influ-
enced by individual genetic makeup and environmental exposures. For example,
targeted therapies have revolutionized the treatment of specific cancers, but their
success relies on accurate biomarker identification. This underscores the im-
portance of integrating genetic testing into clinical practice to enhance treatment
efficacy. Firstly, environmental chemicals, such as bisphenol A and perfluoro non-
anoic acid, have been shown to contribute to sustained cell proliferation by inter-
fering with basic cell control mechanisms. These chemicals can alter the immune

microenvironment and the broader molecular landscape of cancers, such as he-
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patocellular carcinoma and breast cancer, thereby promoting tumor growth and
progression. Secondly, the role of cell proliferation in chemical carcinogenesis is
a central theme. Induction of cell proliferation by environmental chemicals is a
critical factor in both human cancer and rodent models. This underscores the im-
portance of considering cell proliferation data in risk assessments for chemicals
that are believed to cause cancer. Thirdly, the impact of environmental factors on
cancer risk is not uniform across tissues. Some tissues are more susceptible to
cancer induction due to specific susceptibility factors and cell proliferation pat-
terns. For instance, gut microbiota dynamics and climate change have been im-
plicated in the increased incidence of early-onset colorectal cancer. Moreover, the
integration of clear endpoints that anchor key characteristics of cancer to the ac-
quisition of a complete malignant phenotype is essential in chemical testing. This
comprehensive approach helps in understanding the diverse manifestations and
underlying mechanisms of cancer, including the role of the microenvironment.
Additionally, the concept of green chemoprevention, which utilizes whole plant
foods and extracts to prevent cancer, offers a promising avenue for reducing can-
cer risk. Phytochemicals, such as those found in broccoli sprouts and black rasp-
berries, have demonstrated dose-responsive effects in both animal and human
studies, highlighting their potential as natural anticancer agents. However, despite
these advancements, significant challenges remain. The lack of standardized
methodologies and the complexity of cancer biology necessitate further research
to elucidate the precise mechanisms by which environmental chemicals induce
cancer proliferation. Moreover, the development of personalized supplements
and targeted therapies based on specific phytochemicals holds great promise but
requires a deeper understanding of individual cellular responses. By addressing
the challenges, we can move closer to reducing the global burden of cancer and

improving patient outcomes.
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