Review Article

Modifiable Cancer Risk Factors

Abstract: Cancer is the second leading cause of death in Trinidad and Tobago and has created
tremendous challenges for healthcare services and expenditures throughout the region. In this
study, it was found that cancer could be attributable to risk factors such“as cigarette smoking,
second-hand smoke exposure, alcohol intake, excess body weight, diet, and cancer-associated in-
fections. Several databases were reviewed, including PubMed, Google Scholar, and Web of Science.
The facts suggest that a number of individuals have risk factors.for cancer that may be modifiable.
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1. Introduction

Cancer is the second leading cause of death in Trinidad and Tobago and has created
tremendous challenges for healthcare services and expenditures throughout the region
[1]. Warner et al. (2018) stated “The population of Trinidad and Tobago (TT) in 2010 was
1,328,019 with a diversity of ancestral groups including African (34.2%), East Indian
(35.4%), mixed (22.8%), unknown (6.2%), and all other ethnic groups (Chinese, White, and
Syrian/Lebanese) totaling 1.4%” [2].

Accordingto.the World Health Organization (WHO), cancer incidence will increase
by 58%, from 84,703 cases in 2015 to 133,937 cases in 2035. Cancer mortality will increase
by 67% during this.period, from 52,282 to 87,430 deaths. Nationals of African ancestry
exhibited the highest rates of the cancer incidence rate of 243 per 100,000 per year and
mortality rate of 156 per 100,000 per year compared to their counterparts of Indian an-
cestry (incidence rate of 125 per 100,000 per year; and mortality rate of 66 per 100,000 per
year) or mixed ancestry (incidence of 119 per 100,000 per year; and mortality: 66 per
100,000 per year) [1].

Certain factors can influence the incidence and mortality of cancer in Trinidad and
Tobago, which has a population of 1.3 million inhabitants, including sex, ancestry, geog-
raphy and age. Regarding ancestry, African descendants had the highest incidence and
mortality rates than others as Indian descendants and mixed race. It was found that the
cancers that were most common among men were cases of prostate [2], lung, colon,
stomach, and hematologic cancers [1]. In contrast, among women, the most prevalent
cancers were breast, cervical, endometrial, colon, and ovarian [1].

Our aim in this review is to discuss cancer risk factors that affect the globe, as to-
bacco, alcohol, diet, physical inactivity and exercise, and cancer-related infectious organ-
isms. The recent literature in the region is very scanty and a hindrance to make a proper
review, but again we are going to discuss this cancer risk factors from an international
point of view, since them affect a larger quantity of individuals worldwide.
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2. Tobacco

Lung cancer is the leading cause of cancer-related mortality worldwide [3].
Smoking is the leading risk factor for lung cancer, accounting for 80% of lung cancer cases
in men and 50% in women. While the risk is likely to increase in a dose-dependent
manner, genetic predisposition may play a role in tobacco-related cancer, as evidenced
by the familial occurrence of such cancer [4]. Tobacco use has been directly linked to at
least 19 types of cancer, including lung, larynx, and head and neck cancers [5].

Tobacco smoke causes oxidative stress via reactive oxygen species, which affect
many cell types, including fibroblasts (the primary cell type of tumour stroma) and ad-
jacent epithelial cells. It results in cancerous properties such as cell growth, adaptation,
and survival. Tobacco smoke also negatively affects the innate immune system (DCs,
macrophages, and NK cells) and adaptive immune system (T cells and B cells), pathologi-
cally weakening the immune response [6]. Many carcinogens in tobacco, such as ben-
zopyrene diol epoxide, are directly associated with lung cancer [7];'and the contribu-
tion of smoking to cancer is fully understood.

The activation of NF-kB is complex and involves stimuli that activate the inhibitor
of the IkappaB (IxB) kinase (IKK) complex. This complex contains IKK1, IKK2, and
NEMO gene complexes. Once activated, the IKK-complex-phosphorylates 1«B, which
leads to its degradation. This then leads to free NF-kB dimers that can translocate from
the cytoplasm to the nucleus and facilitate gene transcription. Many stimuli lead to the
activation of NF-xB, including cytokines'such as TNF-a and IL-1, as well as epidermal
growth factor (EGF), bacterial and viral components (lipopolysaccharides), radiation,
reactive oxygen species, and DNA damage from intracellular oncogenic stress [8].

Cigarette smoking has beenreported as the main modifiable factor responsible for
the development of lung cancer worldwide. Studies by Ding et al. (2021) [9] and Shen et
al. (2021) [10] reported a link-between cigarette smoking and lung cancer occurrence. |t
was noted an increased likelihood of lung cancer in smokers versus non-smokers [9].
It was further defined-this link, noting that among systemic lupus erythematosus (SLE)
patients who developed lung cancer, most of them were ever-smokers [11]. Further-
more, it was identified a dose~response relationship between cigarettes and lung cancer
[9]. It was also noted that smoking and exposure to second-hand smoke increase the risk of
skin cancer [12].”More specifically, Arafa et al. (2020) [13] suggested that chronic and
regular smokers'are at higher risk of developing squamous cell carcinoma but at de-
creased risk of developing basal cell carcinoma.

Most studies have reported a positive association between parental smoking during
pregnancy and childhood brain tumour risk. However, only one study reported
statistically significant data [14]. The authors proposed a hypothesis that brain tumours
in _children are related to in utero exposure to N-nitroso compounds, as it is well known
that’'N-nitroso is the most notable among carcinogens of the brain system in experimental
animals. The impact of parental smoking on the development of brain tumours was also
investigated. Smoking during pregnancy posed an increased relative risk of brain tu-
mours in the offspring, associated with parental exposure to polycyclic aromatic hydro-
carbons [15].

A study comparing smokers with non-smokers showed a 51% increase in the risk
of developing hepatocellular carcinoma (HCC) for ongoing smokers and a 12% increase
for prior smokers [16]. The same authors reported in another study, population-based
smoking increased the odds of developing intrahepatic cholangiocarcinoma (ICC) by
80% [ 16]. Finally, according to Baecker et al. (2018), a 13% risk for all liver cancers
worldwide can be attributed to tobacco smoking [17].

HIV and Tobacco

HIV can cause lung carcinoma due to T lymphocyte depletion. There is evidence
that chronic HIV infection can contribute to the development of lung cancer through
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HIV-specific mechanisms. HIV is associated with a greater risk of developing COPD,
which may be due to the higher smoking rates in this population and an inappropriate
immune response resulting from CD8+ T cell overactivity within the lungs, which
contributes to more significant amounts of inflammation. Recurrent infections can be
compound. These factors contribute to an increased risk of COPD [18].

3. Alcohol

Alcohol consumption is a risk factor for cancers of the upper aerodigestive tract,
including the oral cavity, pharynx, hypopharynx, oesophagus, and the gastrointestinal
organs, including the liver, pancreas, colon, and rectum. On the contrary, moderate
alcohol intake (less than 30 g daily) may protect against kidney cancer [19]. Consumption
of more than 30 g increases the risk of liver cirrhosis, while intake of more than 60 g
daily is associated with a linearly increased risk of developing hepatocellular car-
cinoma (HCC). The risk of HCC is increased 3- to 10-fold with alcohol abuse. Ethanol
has been classified as a Group 1 carcinogen by the International Agency for Research on
Cancer [20]. Ethanol and its metabolite, acetaldehyde, are carcinegenic. While the exact
aetiology of alcohol consumption and cancer formation is not fully tinderstood [21], it is
known that ethanol is digested via acetaldehyde dehydrogenase into acetaldehyde. This
leads to free radicals, which bind to DNA proteins; destroying folate and resulting in
hyperproliferation. Free radicals can also be formed via alcohol-induced oxidative stress
(activating cytochrome P450 2E1 (CYP2E1)), and lipid‘peroxidation [22,23]. Increased
oestrogen and metabolism leading to decreased folate and retinoids due to alcohol use
may play a role in cancer development [24].

It is also suggested an association between smoking behaviour and alcohol intake,
thus accounting for lung cancer in smokers with heavy alcohol intake [9,25]. It was
indicated that establishments where “alcohol is consumed can be presumed to be
environments with second-hand smoke exposure, which can be related to lung cancer
development [25]. However; it was denied that alcohol intake is a direct risk factor for
non-smokers but noted that increased alcohol consumption is linked to higher BMI,
potentially increasing the risk of squamous cell lung carcinoma [9]. Ko et al. (2020)
looked at risk factors for lung cancer in non-smokers and determined that alcohol was car-
cinogenic [25].

Alcohol consumption is the second most important risk factor for gastric cancer,
by increasing nitrosamine levels and creating a mechanism that causes chronic in-
flammation [26]. Alcohol has many adverse effects on the liver, and the amount and rate
of alcohol intake can affect the amount of fat deposition. This can cause fatty liver
disease, alcoholic hepatitis, and cirrhosis, previously reported as risk factors. Ap-
proximately 13 to 23% of HCC cases are due to alcohol-related illnesses, with higher risk
for men, whites, blacks, and Hispanics [16]. The relationship between ICC and alcohol
consumption has yet to be studied. A meta-analysis of 19 studies conducted by the World
Cancer Research Fund reported substantially increased risk per 10 g of alcohol intake per
day [27]. Another study showed that over 150,000 cases of HCC were attributed to alco-
hol consumption, accounting for 26% of the total worldwide [17].

4, Diet as a Risk Factor for Cancer

The traditional diet in Mediterranean countries is characterised primarily by high
consumption of vegetables and olive oil and moderate consumption of protein. This diet
is thought to confer health benefits that can reduce the risk of many cancers, including
oesophageal, colorectal, uterine, kidney, liver, thyroid, and many others, which is
discussed in another study [19].

Ultra-processed foods undergo multiple biological and chemical processes (for
example, the addition of food preservatives) to become palatable and affordable [28].
The use of food additives or cooking can introduce carcinogens such as nitrates,
nitrosamines, pesticides, and dioxins, which are then consumed; nitrates occur naturally
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in soil and water and are frequently used as preservatives in processed meats [29]. Food
packaging is also associated with cancer. Plastic food containers contain carcinogenic
compounds such as bisphenol that can be incorporated into the food products and
increase cancer risk [30].

The consumption of red meat is also associated with an increased risk of cancer
[31]. A ketogenic diet creates an unfavourable environment for cancer cells by limiting
tumour growth and protecting healthy cells from chemotherapy and radiation [32]. It
was reported that the consumption of fish reduces the risk of brain cancers by activating
neuroprotective mechanisms. In addition, adequate vegetables, and antioxidants (such
as vitamins C and A) in the diet may have a protective effect [33]. In contrast, no cor-
relation with glioma incidence has been shown with other factors, according to Bielecka
and Markiewicz-Zukowska (2020) [34].

A study conducted by Yamamura et al. (2013) examined the relationship, between
dietary factors and de novo acute myeloid leukaemia in adults. The study:.revealed a no-
table increase in risk for individuals who frequently consumed significant amounts of
red meat compared to those who mainly consumed dark’ green vegetables, seafood, and
nuts [35]. Furthermore, it was reported an increased risk of lungcancer for persons
>70 years of age who consumed a meat-based diet [25],'while it was found no connec-
tion between meat intake and lung cancer by Shen et al., 2021 [10]. The risk may be at-
tributed to the increased production of nitrosamines, phenols, and hydroquinones from
the consumption of red meat [25]. On the other hand, the’same authors indicate that fruits
and vegetables contain compounds that may have anticarcinogenic properties, such ly-
copene, flavonoids, and folic acid [10,25]. Many studies have linked high salt intake to an
increased risk of stomach cancer..According to-these studies, the OR for salt intake is a
critical risk factor [26]. Inadequate intake of fresh fruits and vegetable is another risk
factor for cancer, whereas a-higherintake-of fruits and vegetables decreases the risk [36].

The fact that 90-95% of cancers. are due to environmental and lifestyle factors
provides significant opportunities for prevention even if there is a genetic predisposition.
Diet, obesity, and metabolic'syndrome account for 30-35% of cancer cases, highlighting
that cancer-related mortality can be significantly reduced by modifying the related lifestyle
factors. More than 25,000 phytochemicals have been identified as being protective
against cancer;. including lycopene, catechins, and capsaicin [37].

Carotenoids;are found in many fruits and vegetables, and lycopene has been
shown to have anti-cancer properties in vitro and in vivo. The proposed mechanism
involves ROS scavenging, upregulation of detoxification systems, interference with cell
proliferation, induction of gap-junction review, inhibition of cell-cycle progression, and
modulation of signal transduction pathway [38].

Quercetin is a flavonoid found in many fruits and vegetables that has antioxidant,
anti-inflammatory, and antiproliferative properties. It is known to block NF-xB activa-
tion, which may prevent cancer formation. Sulforaphane is a compound found in vege-
tables, especially broccoli, and in vitro and in vivo studies have found that it has che-
mopreventive effects. Sulforaphane inhibits many mechanisms in cell signalling, in-
cluding blocking NF-kB activation, like most other phytochemicals [39].

Hua et al. (2020) [40] and Belfiore et al. (2018) [41] reported that stimulation of insu-
lin and IGF-1 leads to signalling via the PI3K and mitogen-activated protein kinase
(MAPK) transduction pathways, resulting in cellular growth, proliferation, dif-
ferentiation, metabolism, and apoptosis. Aberrant signalling from the insulin and IGF-1
axis may lead to malignant cell transformation and progression. This is further sup-
ported by the overexpression of mitogenic insulin receptor isoform A (IR-A) and insu-
lin-like growth factor receptor (IGF-1R) in cancer cells. It was proposed that activation of
NF-kB may be a link between obesity and cancer [42].

Adipokines are cytokines secreted by adipose tissue that affect satiety, metabolism,
signalling pathways, and inflammation [43]. Leptin is an adipokine responsible for
energy intake, homeostasis, and immune response. Leptin is a tumorigenic adipokine
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that activates multiple signalling transduction pathways, including the Janus
kinase/signal transducers and activators of transcription (JAK/STAT), MAPK, and PI3K
pathways [44].

Leptin can bind to its receptor (ObR), leading to the leptin/ObR axis, which is in-
volved in hallmark cancer features such as cellular survival, metabolism, angiogenesis,
and metastasis. Leptin can also interact with other pathways such as those of sex hormones
(e.g., cestrogen) and induce inflammation via the production of cytokines, including IL-6,
which can lead to further stimulation of cellular signal transduction pathways [45].

Adiponectin counteracts many of the pro-tumorigenic effects of leptin. The ac-
tivation of adenosine monophosphate-activated protein kinase (AMPK).by adiponectin
leads to cell cycle arrest, inhibits mammalian target of rapamycin (mTOR) activity. As a
result, adiponectin is anti-diabetogenic; it is also an anti-atherogenic, antizinflammatory,
and anti-cancer adipokine [44].

Obesity not only increases the risk of breast cancer by 1.5/t0 2, times among
post-menopausal women, but also worsens the prognosis from, increased recurrence and
morbidity [46].

5. Physical Inactivity and Exercise

An estimated 40% of cancers can be prevented by lifestyle modifications [47]. In
American adults, increased BMI (>40) is associated with increased death from all cancers
for men and women compared to lower BMI(<24.9) [48]. Exercise leads to multifactorial
bodily changes such as changed body composition.and hormone levels, decreased in-
flammation, and improved cellular immunity, which improves outcomes for patients
diagnosed with cancer. Oxidative:stress is known to affect DNA and increase cancer
risk. Regular physical exercise induces cellular responses that augment the antioxidant
response [49].

While a lack of exercise is linked to obesity and higher BMI, it is vital to understand
the impact of this factor individually. Physical activity reduces breast cancer risk inde-
pendent of BMI, smoking, and _hormone therapy. The WHO recommends 10 minutes
of working out daily.to markedly reduce risk. Physical activity delays breast cancer de-
velopment even'in carriers’of the BRCA genetic mutation. The mechanisms that fa-
cilitate risk reduction remain elusive but involve desirable decreases in oestrogen and
inflammation and. regulation of metabolic function and body composition. Therefore,
physical activity, diet modification, and weight control are key management strategies
for these patients [46].

6. Infectious Agents

Gastric cancers are responsible for ~780,000 deaths annually. It is the third-most
prevalent type of cancer mortality globally. Epstein—Barr virus-associated is associated
with this common type of malignancy [50]. Viruses account for most infection-mediated
cancers, while other microorganisms, including parasites such as Opisthorchis viverrini
and Schistosoma haematobium and bacteria such as Helicobacter pylori can also cause
cancer, as shown in Table 1 [51].
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Table 1. Links between infection and cancer.

Type of
Infectious agent Microorgan-  Cancer type
ism
Epstein-Barr virus Virus Nasopharyngeal carcinoma, Burkitt lymphoma, immunesuppres-
sion-related non-Hodgkin lymphoma, Hodgkin lymphoma, extranodal
natural killer/Hell lymphoma (nasal type) [52]
Hepatitis B virus Virus Hepatocellular carcinoma [53]
Hepatitis C virus Virus Hepatocellular carcinoma, non-Hodgkin lymphoma [54]
Kaposi sarcoma herpesvirus Virus Kaposi sarcoma, primary effusion lymphoma [55]
Human immunodefi- Virus Kaposi sarcoma, non-Hodgkin lymphoma, Hodgkin lymphoma, carci-
ciency virusl noma of the cervix, anus, conjunctiva [56]
Human papillomavirus type 16 Virus Carcinoma of the cervix, vulva, vagina, penis,anus, oral cavity,and oro-
pharynx and tonsil [57]
Human T-cell lymphotropic Virus Adult T-cell leukaemiaand lymphoma [58]
virus type 1
Merkel cell polyomavirus Virus Merkel cell carcinoma [59]
Opisthorchis viverrini Trematode Cholangiocarcinoma [60]
Clonorchis sinensis Helminth Cholangiocarcinoma [61]

Schistosoma heamatobium Trematode Urinary bladder cancer [62]

Helicobacter pylori Bacterium Non:cardiagastric carcinoma, low-grade B-cell MALT gastric lymphoma
63
Alfatoxin (BI) Mould (As- Liver cancer [64]
pergillus na-
vus)
Salmonella Typhi Bacterium Gallbladder carcinoma [65]
Salmonella Enteritidis Bacterium Colon carcinoma in the ascendingand transverse parts of the colon [66]
Chlamydia trachomatis Bacterium Carcinomaof the cervixand ovaries [67,68]

* Table extracted from anopen access article distributed under the terms and conditions of the Creative Commons attribution license
[51].

The aetiology of infection-related cancer is complex and likely involves multiple
pathways. The infectious agent may possess oncogenes or tumour-suppressing genes
that can lead to cancer formation. Infectious agents implicated in this pathway include
HPV, EBV, HHV-8, and HTLV-1 [69]. Infectious agents can also indirectly lead to
cancer through chronic inflammation, which can produce metabolites harmful to host
cells and DNA and alter the normal progression of the cell cycle. This is the proposed
mechanism of H. pylori and parasite-related cancers. Additionally, infectious agents can
suppress the host immune response, leading to cancer formation. However, this is likely a
result of chronic inflammation, which severely overlaps in infection-related cancers [70].



7 of 10

HPV accounts for 90% of cervical cancers, while hepatitis B and C account for 80% of
hepatocellular carcinomas [51]. Human papillomavirus is associated with mutations
that integrate its DNA into the host cells, resulting in premalignant and malignant
changes in gynaecological tissue. HPV has been designated the most important risk
factor for cervical cancer worldwide. Thus, HPV vaccination and procedures such as
Pap smears, aimed at early detection of HPV infection, may aid in the prevention of such
cancer [71].

We conclude that the facts suggest that a number of individuals have risk factors for
cancer that may be modifiable. This brings new insights in the field of preventive medi-
cine. Especially for our country, The Republic of Trinidad and Tobago, is very significant
that the health system emphasises about how to minimise cancer risk factors as tobacco,
alcohol drinking, diet, infectious diseases including HIV/AIDS, and others, which are
very prevalent in the country and the region.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

References

1.

10.

11

12.

13.

14.

15.

16.

Warner, W.A.; Lee, T.Y.; Badal, K.; Williams, T.M.; Bajracharya, S.; Sundaram, V.; Bascombe, N.A.; Maharaj, R.; Lamont-Greene,
M.; Roach, A.; Bondy, M.; Ellis, M.J.; Rebbeck, T.R.; Slovacek, S.; Luo, J.; Toriola, A.T.; Llanos AAM. Cancer incidence and
mortality rates and trends in Trinidad and Tobago. BMC Cancer. 2018, 4, 712. doi: https://doi.org/10.1186/s12885-018-4625-X.
Warner, W.A.; Lee, T.Y.; Fang. F.; LIanos, A.A.M.; Bajracharya, S.; Sundaram, V.; Badal, K.; Sookdeo, V.D.; Roach, V.; La-
mont-Greene, M.; Ragin, C.; Slovacek, S.; Ramsoobhag, K.; Brown, J.; Rebbeck, T.R.; Maharaj, R.; Drake, B.F. The burden of
prostate cancer in Trinidad and Tobago: one of the highest mortality rates in the world. Cancer Causes Control. 2018, 29, 685-697.

doi: https://doi.org/10.1007/s10552-018-1038-8.

Gao, X.; Zhang, Y.; Breitling, L.P.; Brenner, H."Tobacco smoeking and methylation of genes related to lung cancer development.
Oncotarget 2016, 7, 59017-59028. https://doi.org/10.18632/oncotarget.10007.

Kotnis, A.; Namkung, J.; Kannan, S.; Jayakrupakar, N:; Park, T.; Sarin, R.; Mulherkar, R. Multiple Pathway-Based Genetic
Variations Associated with Tobacco Related Multiple Primary Neoplasms. PLoS ONE 2012, 7, e30013.

Petros, W.P.; Younis, I.R.; Ford, J.N.; Weed, S.A. Effects of Tobacco Smoking and Nicotine on Cancer Treatment. Pharmacother. J.
Hum. Pharmacol. Drug Ther. 2012, 32, 920-931. https://doi.org/10.1002/j.1875-9114.2012.01117.

Cao, Z.-Z.; Ao, Y.-).; Zhou, S.-H. The role of cancer stromal fibroblasts in mediating the effects of tobacco-induced cancer cell
growth. Cancer Cell Int. 2021, 21, 707. https://doi.org/10.1186/s12935-021-02414-9.

Rajalakshmi, T.R.; AravindhaBabu, N.;"'Shanmugam, K.T.; Masthan, K.M.K. DNA Adducts-Chemical Addons. J. Pharm. Bioal-
lied Sci. 2015, 7 (Suppl. 1), S197-S199.

Xia, Y.; Shen, S.;Verma, .M. NF-«B, an Active Player in Human Cancers. Cancer Immunol. Res. 2014, 2, 823-830.

Ding, J.; Tu, Z.; Chen, H.; Liu, Z. Identifying modifiable risk factors of lung cancer: Indications from Mendelian randomization.
PL0oS ONE2021, 16, €0258498. https://doi.org/10.1371/journal.pone.0258498.

Shen, J.; Zhou, H.; Liu,J:; Zhang, Y.; Zhou, T.; Yang, Y.; Fang, W.; Huang, Y.; Zhang, L. A modifiable risk factors atlas of lung
cancer: A Mendelian randomization study. Cancer Med. 2021, 10, 4587-4603. https://doi.org/10.1002/cam4.4015.

Bernatsky, S.; Ramsey-Goldman, R.; Petri, M.; Urowitz, M.B.; Gladman, D.D.; Fortin, P.R.; Yelin, E.H.; Ginzler, E.; Hanly, J.G.;
Peschken, C.;'et'al. Smoking Is the Most Significant Modifiable Lung Cancer Risk Factor in Systemic Lupus Erythematosus. J.
Rheumatol. 2018, 45, 393-396. https://doi.org/10.3899/jrheum.170652.

Kalia, S., & Kwong, Y. K. K. Relationship between sun safety behaviours and modifiable lifestyle cancer risk factors and vita-
min D levels. Photodermatology, photoimmunology & photomedicine. 2019, 35(6), 429-435. https://doi.org/10.1111/phpp.12494
Arafa, A.; Mostafa, A.; Navarini, A.A.; Dong, J.-Y. The association between smoking and risk of skin cancer: A meta-analysis of
cohort studies. Cancer Causes Control 2020, 31, 787-794. https://doi.org/10.1007/s10552-020-01319-8.

Preston-Martin, S.; Yu, M.C.; Benton, B.; Henderson, B.E. N-Nitroso compounds, and childhood brain tumors: A case-control
study. Cancer Res 1982, 42, 5240-5245.

Zumel-Marne, A.; Castafo-Vinyals, G.; Kundi, M.; Alguacil, J.; Cardis, E. Environmental Factors and the Risk of Brain Tu-
mours in Young People: A Systematic Review. Neuroepidemiology 2019, 53, 121-141. https://doi.org/10.1159/000500601.
Massarweh, N.N.; El-Serag, H.B. Epidemiology of Hepatocellular Carcinoma and Intrahepatic Cholangiocarcinoma. Cancer
Control. 2017, 24, 1073274817729245. https://doi.org/10.1177/1073274817729245.



8 of 10

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Baecker, A.; Liu, X.; La Vecchia, C.; Zhang, Z.-F. Worldwide incidence of hepatocellular carcinoma cases attributable to major
risk factors. Eur. J. Cancer Prev. 2018, 27, 205-212. https://doi.org/10.1097/cej.0000000000000428.

Sigel, K.; Makinson, A.; Thaler, J. Lung cancer in persons with HIV. Curr. Opin. HIV AIDS 2017, 12, 31-38.
https://doi.org/10.1097/coh.0000000000000326.

Mentella, M.C.; Scaldaferri, F.; Ricci, C.; Gasbarrini, A.; Miggiano, G.A.D. Cancer and Mediterranean Diet: A Review. Nutrients
2019, 11, 2059. https://doi.org/10.3390/nu11092059.

Matsushita, H.; Takaki, A. Alcohol and Hepatocellular Carcinoma. BMJ Open Gastroenterol. 2019, 6, €000260.

Xu, M.; Luo, J. Alcohol and Cancer Stem Cells. Cancers 2017, 9, 158. https://doi.org/10.3390/cancers9110158.

Rumgay, H.; Murphy, N.; Ferrari, P.; Soerjomataram, |. Alcohol and Cancer: Epidemiology and Biological Mechanisms. Nu-
trients 2021, 13, 3173. https://doi.org/10.3390/nul13093173.

Balbo, S., & Brooks, P. J. Implications of acetaldehyde-derived DNA adducts for understanding alcohol-related carcinogene-
sis. Advances in experimental medicine and biology. 2015, 815, 71-88. https://doi.org/10.1007/978-3-319-09614-8 5

Ratna, A., Mandrekar, P. Alcohol and Cancer: Mechanisms and Therapies. Biomolecules:.. 2017, 7, 61.
https://doi.org/10.3390/biom7030061.

Ko, Y.H.; Kim, S.J.; Kim, W.-S,; Park, C.K.; Park, C.-K.; Suh, Y.-G.; Eom, J.S.; Cho, S.; Hur, J.Y.; Hwang, S.H.; et al. Risk factors
for primary lung cancer among never-smoking women in South Korea: A retrospective nationwide population-based cohort
study. Korean J. Intern. Med. 2020, 35, 692-702. https://doi.org/10.3904/kjim.2019.283.

Poorolajal, J.; Moradi, L.; Mohammadi, Y.; Cheraghi, Z.; Gohari-Ensaf, F. Risk factors for stomach cancer: A systematic review
and meta-analysis. Epidemiol. Health 2020, 42, €2020004. https://doi.org/10.4178/epih.e2020004.

Yang, J.D.; Hainaut, P.; Gores, G.J.; Amadou, A.; Plymoth, A.; Roberts, L.R. A global.view of:hepatocellular carcinoma: Trends,
risk, prevention, and management. Nat. Rev. Gastroenterol. Hepatol. 2019, 16, 589-604. https://doi.org/10.1038/s41575-019-0186-y.
Fiolet, T.; Srour, B.; Sellem, L.; Kesse-Guyot, E.; Allés, B.; Méjean, C.; Deschasaux, M.;Fassier, P.; Latino-Martel, P.; Beslay, M.;
et al. Consumption of Ultra-Processed Foods and Cancer Risk: Results from-NutriNet-Santé Prospective Cohort. BMJ 2018, 360,
k322.

Chazelas, E.; Pierre, F.; Druesne-Pecollo, N.; Gigandet, S.; Srour, B, ‘Huybrechts, I, Julia, C.; Kesse-Guyot, E.;
Deschasaux-Tanguy, M.; Touvier, M. Nitrites and nitrates from food additives and cancer risk: Results from the Nutri-
Net-Santé cohort. Eur. J. Public Health 2021, 31 (Suppl. 3), ckab165.244. https://doi.org/10.1093/eurpub/ckab165.244.

Wang, Q., Chen, W., Zhu, W., McClements, D. J., Liu, X., & Liu, F. A review of multilayer and composite films and coatings
for active biodegradable packaging. NPJ science of food. 2022, 6(1), 18. https://doi.org/10.1038/s41538-022-00132-8

Wie, G.-A.; Cho, Y.-A,; Kang, H.-H.; Ryu, K.-A.; Yoo, M.-K; Kim, Y.-A.; Jung, K.-W.; Kim, J.; Lee, J.-H.; Joung, H. Red meat
consumption is associated with an increased overall cancer risk:\A-prospective cohort study in Korea. Br. J. Nutr. 2014, 112,
238-247. https://doi.org/10.1017/s0007114514000683.

Weber, D.D.; Aminzadeh-Gohari, S.; Tulipan;J.; Catalano, L.; Feichtinger, R.G.; Kofler, B. Ketogenic Diet in the Treatment of
Cancer -Where Do We Stand? Mol. Metab. 2020, 33, 102-121.

Lian, W.; Wang, R.; Xing, B.; Yao, Y. Fish intake and the risk of brain tumor: A meta-analysis with systematic review. Nutr. J.
2017, 16, 1. https://doi.org/10.1186/s12937-016-0223-4.

Bielecka, J.; Markiewicz-Zukowska, R. The Influence of Nutritional and Lifestyle Factors on Glioma Incidence. Nutrients 2020,
12, 1812. https://doi.org/10.3390/nu12061812.

Yamamura, Y.; Oum, R.; Gbito, K. Y.E.; Garcia-Manero, G.; Strom, S.S. Dietary Intake of Vegetables, Fruits, and Meats/Beans as
Potential Risk Factors of Acute Myeloid Leukemia: A Texas Case-Control Study. Nutr. Cancer 2013, 65, 1132-1140.
https://doi.org/10.1080/01635581.2013.834946.

Peltzer, K., & Phaswana-Mafuya, N. Fruit and vegetable intake and associated factors in older adults in South Africa. Global
health action. 2012, 5, 1-8. https://doi.org/10.3402/gha.v5i0.18668

Ranjan, A., Ramachandran, S., Gupta, N., Kaushik, 1., Wright, S., Srivastava, S., Das, H., Srivastava, S., Prasad, S., & Srivastava,
S. K. Role of Phytochemicals in Cancer Prevention. International journal of molecular sciences. 2019, 20, 4981.
https://doi.org/10.3390/ijms20204981

Metibemu, D. S., & Ogungbe, I. V. Carotenoids in Drug Discovery and Medicine: Pathways and Molecular Targets Implicated
in Human Diseases. Molecules (Basel, Switzerland). 2022, 27, 6005. https://doi.org/10.3390/molecules27186005

Dandawate, R.R.; Subramaniam, D.; Jensen, R.A.; Anant, S. Targeting cancer stem cells and signaling pathways by phyto-
chemicals: Novel approach for breast cancer therapy. Semin. Cancer Biol. 2016, 40-41, 192-208.
https://doi.org/10.1016/j.semcancer.2016.09.001.

Hua, H; Kong, Q.; Yin, J.; Zhang, J.; Jiang, Y. Insulin-like growth factor receptor signaling in tumorigenesis and drug resistance:
A challenge for cancer therapy. J. Hematol. Oncol. 2020, 13, 64. https://doi.org/10.1186/s13045-020-00904-3.

Belfiore, A.; Malaguarnera, R.; Nicolosi, M.L.; Lappano, R.; Ragusa, M.; Morrione, A.; Vella, V. A novel functional crosstalk
between DDR1 and the IGF axis and its relevance for breast cancer. Cell Adhes. Migr. 2018, 12, 305-314.
https://doi.org/10.1080/19336918.2018.1445953.

Nimptsch, K., & Pischon, T. Obesity Biomarkers, Metabolism and Risk of Cancer: An Epidemiological Perspective. Recent re-
sults in cancer research. Fortschritte der Krebsforschung. Progres dans les recherches sur le cancer. 2016, 208, 199-217.
https://doi.org/10.1007/978-3-319-42542-9 11.



90f 10

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Hursting, S.D.; DiGiovanni, J.; Dannenberg, AJ.; Azrad, M.; LeRoith, D.; Demark-Wahnefried, W.; Kakarala, M.; Brodie, A.;
Berger, N.A. Obesity, Energy Balance, and Cancer: New Opportunities for Prevention. Cancer Prev. Res. 2012, 5, 1260-1272.
https://doi.org/10.1158/1940-6207.capr-12-0140.

Hopkins, B.D.; Goncalves, M.D.; Cantley, L.C. Obesity and Cancer Mechanisms: Cancer Metabolism. J. Clin. Oncol. Off. J. Am.
Soc. Clin. Oncol. 2016, 34, 4277-4283.

Barone, I, Giordano, C. Leptin and Beyond: Actors in Cancer. Biomolecules 2021, 11, 1836.
https://doi.org/10.3390/biom11121836.

Ligibel, J.A.; Basen-Engquist, K.; Bea, J.W. Weight Management and Physical Activity for Breast Cancer Prevention and Con-
trol. Am. Soc. Clin. Oncol. Educ. Book 2019, 39, e22—e33. https://doi.org/10.1200/edbk 237423.

Friedenreich, C.M.; Ryder-Burbidge, C.; McNeil, J. Physical activity, obesity, and sedentary behavior in cancer €tiology: Epi-
demiologic evidence and biologic mechanisms. Mol. Oncol. 2020, 15, 790-800. https://doi.org/10.1002/1878-0261.12772.

Brown, J.C.; Winters-Stone, K.; Lee, A.; Schmitz, K.H. Cancer, Physical Activity, and Exercise. Compr. Physiol., 2012, 2,
2775-2809.

Idorn, M.; thor Straten, P. Exercise and Cancer: From ‘healthy’ to ‘therapeutic’? Cancer Immunol. Immunother. Cll 2017, 66,
667-671.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries [published correction appears in CA Cancer J Clin. 2020
Jul;70(4):313]. CA Cancer J. Clin. 2018, 68, 394-424. https://doi:10.3322/caac.21492.

van Elsland, D.; Neefjes, J. Bacterial infections and cancer. EMBO ' Rep. 2018, 19, e46632.
https://doi.org/10.15252/embr.201846632.

Kanda, T.; Yajima, M.; lkuta, K. Epstein-Barr virus strain variation and cancer. Cancer science. 2019, 110, 1132-1139.
https://doi.org/10.1111/cas.13954

Rizzo, G.E.M.; Cabibbo, G.; Craxi, A. Hepatitis B Virus-Associated Hepatocellular Carcinoma. Viruses. 2022, 14, 986.
https://doi.org/10.3390/v14050986

Pozzato, G.; Mazzaro, C.; Dal Maso, L.; Mauro, E.; Zorat, F.; Moratelli, G.; Bulian, P.; Serraino, D.; Gattei, V. Hepatitis C virus
and non-Hodgkin's lymphomas: Meta-analysis of epidemiology data and therapy options. World journal of hepatology. 2016, 8,
107-116. https://doi.org/10.4254/wjh.v8.i2.107

Mariggio, G.; Koch, S.; Schulz, T. F. Kaposi sarcoma herpesvirus pathogenesis. Philosophical transactions of the Royal Society of
London. Series B, Biological sciences. 2017, 372, 20160275. https://doi.org/10.1098/rstb.2016.0275

Vangipuram, R.; Tyring, S.K. AIDS-Associated Malignancies. Cancer treatment and research. 2019, 177, 1-21.
https://doi.org/10.1007/978-3-030-03502-0 1

Li, Y.; Xu, C. Human Papillomavirus-Related Cancers. Advances in experimental medicine and biology. 2017, 1018, 23-34.
https://doi.org/10.1007/978-981-10-5765-6_3

Malik, B.; Taylor, G. P. Can we reduce the incidence of adult T-cell leukaemia/lymphoma? Cost-effectiveness of human
T-lymphotropic virus type 1 (HTLV-1) antenatal screening in the United Kingdom. British journal of haematology. 2019, 184,
1040-1043. https://doi.org/10.1111/bjh.15234

Xue, Y.; Thakuria, M. Merkel Cell Carcinoma Review. Hematology/oncology clinics of North America. 2015, 33(1), 39-52.
https://doi.org/10.1016/j.hoc.2018.08.002

Jusakul, A.; Kongpetch, S.; Teh, B.T. Genetics of Opisthorchis viverrini-related cholangiocarcinoma. Current opinion in gastro-
enterology. 2015, 31, 258-263. https://doi.org/10.1097/MOG.0000000000000162

Qi, Y.; Hu, J.; Liang, J.; Hu, X.; Ma, N.; Xiang, B. Clonorchis sinensis infection contributes to hepatocellular carcinoma pro-
gression in rat. Parasitology research. 2022, 121, 3403-3415. https://doi.org/10.1007/s00436-022-07699-x

Dematei, A.; Fernandes, R.; Soares, R.; Alves, H.; Richter, J.; & Botelho, M.C. Angiogenesis in Schistosoma haemato-
bium-associated urinary bladder cancer. APMIS; acta pathologica, microbiologica, et immunologica Scandinavica. 2017, 125,
1056-1062. https://doi.org/10.1111/apm.12756

Eidt, S., & Stolte, M. The significance of Helicobacter pylori in relation to gastric cancer and lymphoma. European journal of
gastroenterology & hepatology. 1995, 7, 318-321.

Liu, Y.; Chang, C.C.; Marsh, G. M.; Wu, F. Population attributable risk of aflatoxin-related liver cancer: systematic review and
meta-analysis. European journal of cancer (Oxford, England: 1990, 2012, 48, 2125-2136. https://doi.org/10.1016/j.ejca.2012.02.009
Scanu, T.; Spaapen, R.M.; Bakker, J.M.; Pratap, C.B.; Wu, L.E.; Hofland, I.; Broeks, A.; Shukla, V.K.; Kumar, M.; Janssen, H.;
Song, J.Y.; Neefjes-Borst, E.A.; te Riele, H.; Holden, D.W.; Nath, G.; Neefjes, J. Salmonella Manipulation of Host Signaling
Pathways Provokes Cellular Transformation Associated with Gallbladder Carcinoma. Cell host & microbe. 2015, 17, 763-774.
https://doi.org/10.1016/j.chom.2015.05.002

Mughini-Gras, L.; Schaapveld, M.; Kramers, J.; Mooij, S.; Neefjes-Borst, E.A.; Pelt, W.V., Neefjes, J. Increased colon cancer risk
after severe Salmonella infection. PloS one. 2018, 13, e0189721. https://doi.org/10.1371/journal.pone.0189721

Zhu, H.; Shen, Z.; Luo, H.; Zhang, W, Zhu. Chlamydia Trachomatis Infection-Associated Risk of Cervical Cancer: A Me-
ta-Analysis. Medicine. 2016, 95, e3077. https://doi.org/10.1097/MD.0000000000003077

Karim, S.; Souho, T.; Benlemlih, M.; Bennani, B. Cervical Cancer Induction Enhancement Potential of Chlamydia Trachomatis:
A Systematic Review. Current microbiology. 2018, 75, 1667-1674. https://doi.org/10.1007/s00284-018-1439-7



10 of 10

69.

70.

71.

Islami, F.; Goding Sauer, A.; Miller, K.D.; Siegel, R.L.; Fedewa, S.A.; Jacobs, E.J.; McCullough, M.L.; Patel, A.V.; Ma, J.; Soerjo-
mataram, |.; Flanders, W.D.; Brawley, O.W.; Gapstur, S.M.; Jemal, A. Proportion and number of cancer cases and deaths attri-
butable to potentially modifiable risk factors in the United States. CA Cancer J Clin. 2018, 68, 31-54. doi:

https://doi.org/10.3322/caac.21440.

Sharndama, H. C.; Mba, L.E. Helicobacter pylori: an up-to-date overview on the virulence and pathogenesis mechan-
isms. Brazilian journal of microbiology. 2022, 53, 33-50. https://doi.org/10.1007/s42770-021-00675-0

Viarisio, D.; Gissmann, L.; Tommasino, M. Human papillomaviruses and carcinogenesis: Well-established and novel models.
Curr. Opin. Virol. 2017, 26, 56-62. https://doi.org/10.1016/j.coviro.2017.07.014.



