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Abstract  

Epidemiological data and meta-analysis have confirmed that there exists a strong association 

between nutrition and disease risk. In the context of cancer, it has been demonstrated that 

unhealthy diets increase the risk of disease. On the other hand, major dietary interventions 

and lifestyle changes have been demonstrated to provide therapeutic efficacy in cancer 

patients. Genetic mechanisms have been reported to be associated with cancer 

development induced by environmental and nutritional factors. Genetics plays an important 

role in the designing of personalized drugs and diets. Epigenetics has also been 

demonstrated to be affected by nutrition, leading to increased risk of disease when 

unhealthy diets are consumed, while healthy nutrition is able to provide both prophylactic 

and therapeutic efficacy.  
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1. Introduction 

Data from numerous epidemiological studies and meta-analyses have confirmed that nutrition 

serves as an important factor in relation to human health [1]. However, the knowledge of the 

impact of nutrition on human health has been hampered due to lack of critical scientific evaluation. 

In particular, the efficacy of traditional plant-based diets has relied mainly on social and ethnic 

verification. However, major technological progress in the fields of bioinformatics, genomics, and 

proteomics research has led to the development of novel methods for the evaluation of effects of 

nutrition on human health, and has also bridged the gap between traditional plant-based 

treatment of disease and modern science-based approaches to disease treatment [2]. In this 

context, thorough clinical evaluation of plant-based drugs has become popular. However, 

identifying the specific action of the individual components of such drugs is a difficult task because 

recording the patient's food intake has relied on information provided by the individuals in 

questionnaires; this has encouraged improved documentation of dietary intake through 

photography and designing of valid guidelines [3].  

In regard to disease risk and therapeutic effect, nutrition plays an important role [4]. Numerous 

studies have demonstrated that the dietary intake of vegetables and fruits contributes to reducing 

disease risk [5]. Major dietary modifications and lifestyle changes have been reported to 

demonstrate therapeutic effect in patients with various diseases [6]. The present review focuses 

on cancer, describing the impact that nutrition can exert on the prevention and treatment of this 

disease. Furthermore, the relationship between cancer genetics and epigenetics is discussed. 

2. Nutrition and Cancer Risk 

In the context of cancer, it has been suggested that nutrition is responsible for the risk of one-

third of the cancer cases in the US already in the 1980s [7]. Moreover, the World Cancer Research 

Fund and American Institute of Cancer Research have stated the essential role of nutrition in 

cancer development worldwide [8]. More recently, it has been indicated that two-thirds of the 

deaths caused by cancer could be prevented just by switching to a healthier diet and 

implementing lifestyle changes [9]. The molecular and genetic basis of cancer development are 

discussed later in the review, while the effects of various nutritional components on different 

cancers are summarized in Table 1. It has been reported that nutrition in the form of plant-based 

foods may exert a positive effect manifesting in the form of reduced risk of cancer [10], while a 

high intake of red meat and fat may enhance the risk [11]. Several meta-analyses have suggested 

both prophylactic and therapeutic benefits associated with various cancers by introducing dietary 

changes [12, 13]. A systematic review and meta-analysis of 18 publications specifically indicated a 

positive association between red meat consumption and the increased risk of glioma [10]. In 

contrast, a diet containing fish which was rich in poly-unsaturated fatty acids (PUFAs) was 

reported to contribute to the reduced risk of brain cancer in a meta-analysis of nine observational 

studies [14]. In regard to colon cancer, an inverse relationship between a diet rich in vegetables 

and fruits and esophageal squamous cell carcinoma was established in the European Prospective 

Investigation of Cancer and Nutrition (EPIC) study [11]. Similarly, in a study conducted in Western 

Australia, the risks of developing proximal colon and rectal cancers were observed to have 

reduced upon the intake of Brassica vegetables [15]. In contrast, a systematic review and meta-

analysis demonstrated the association of red meat and processed meat with the overall risk of 



OBM Genetics 2019; 3(4), doi:10.21926/obm.genet.1904099 
 

Page 3/17 

colorectal cancer, and not rectal cancer [16]. However, according to the findings of a meta-analysis 

of cohort studies on gastric cancer, no association was discovered between red and processed 

meat consumption and cancer risk, while the case-control studies reported a positive association 

[17]. In regard to coffee intake, it was demonstrated that coffee, as opposed to decaffeinated 

drinks and caffeine, decreased the development of dysplastic crypts in rats exposed to N-methyl-

N-nitro-N-nitrosoguanidine (MNNG) [18]. Owing to either neutral or beneficial effects of coffee 

based on comprehensive epidemiological and experimental data, the association of coffee 

consumption with breast, prostate, colorectal, and liver cancers was evaluated [19], It was 

revealed that coffee provided protection against liver and colorectal cancers, while no association 

between the overall risk of breast and prostate cancers and coffee intake could be determined. It 

has been suggested that phytochemicals in coffee provide chemoprevention through inhibition of 

oxidative stress and oxidative damage, regulation of DNA repair, apoptosis, and inflammation. 

Moreover, anti-proliferative, anti-angiogenic, and anti-metastatic effects of coffee have been 

indicated. Another study revealed that coffee consumption was associated with a reduced risk of 

endometrial cancer [20]. However, in the EPIC study, a 14-year-long follow-up investigation 

demonstrated no association between coffee or tea consumption and the risk of thyroid cancer 

[21]. Moreover, the two main active ingredients of green tea, catechins and theanine, have been 

reported to be associated with a reduced risk of colon and esophageal cancers [22]. In another 

study, the anti-carcinogenic effect of the polyphenol named epigallocatechin gallate (EGCG) 

present in green tea was demonstrated to lead to a reduced risk of prostate cancer in Chinese 

men in Hong Kong [23]. Various spices, such as ginger, turmeric, black cumin, garlic, saffron, black 

pepper, and chili pepper, have also been reported to possibly provide prevention and treatment of 

colorectal and stomach cancers [24]. 

In regard to breast cancer, nutritional interventions have exhibited an impact on disease risk 

[25, 26]. For instance, fiber intake was reported to provide a significant dose-response to reduced 

breast cancer risk. Moreover, soybean consumption has been associated with a reduced risk of 

breast cancer in Asian women [27], while fruit and vegetable intake during adolescence has been 

associated with a lower risk of breast cancer in premenopausal women in the US [28]. Similarly, 

another study described a reduced risk of breast cancer in women with a high intake of vitamin D 

[29]. In contrast, an increased risk of estrogen receptor-negative breast cancer was observed in 

women who were committed to a diet high in grains, dairy, and sugar and low in vegetables and 

fish [30]. A dose-response meta-analysis investigating the relationship between egg consumption 

and the risk of breast, prostate, and ovarian cancers revealed non-significant increase in breast 

cancer risk, although it was suggested that a positive association between egg intake and fatal 

prostate and ovarian cancers with an increase in egg consumption to five eggs per week could not 

be ruled out [31]. Furthermore, the association between dietary fiber intake and the risk of 

ovarian cancer was observed in a meta-analysis of 19 studies involving 567,742 participants [32]. 

Dose-response analysis indicated that for each 5 g/day increment in the dietary fiber intake, the 

risk of ovarian cancer decreased by 3%. In another study conducted with African American women, 

it was indicated that adherence to an overall healthy dietary pattern including fiber may reduce 

the risk of ovarian cancer, especially among postmenopausal women [33]. Moreover, high sugar 

intake has been reported to be associated with an increased risk of ovarian cancer in African 

American women [34]. 
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Table 1 Examples of nutrition association with various cancers. 

EGCG, epigallocatechin gallate; ER, Estrogen-receptor negative; PUFAs, poly-unsaturated fatty acids; VDR, vitamin D receptor.   

In a meta-analysis of 143 studies on the association of isoflavones and flavonoids with reduced 

cancer risk, it was demonstrated that isoflavones were associated with a significantly reduced risk 

of lung and stomach cancers [35]. In contrast, total flavonoids were demonstrated to be 

associated with a non-significant decrease in the risk of breast cancer. Case-control studies 

revealed that total flavonoids and individual classes of flavonoids were associated with the 

Cancer Nutrient/Source Effect Ref 
Brain 
 

Red meat 
PUFAs in fish 

Significantly reduced glioma risk in humans 
Reduced brain tumor risk in humans 

[10] 
[14] 

Breast 
 
 

Fiber  
Soybeans 
Fruit and vegetable consumption 
Vitamin D 
Diet rich grains, dairy, and sugar 
Flavonoids 

Significantly reduced breast cancer risk in humans 
Significantly reduced breast cancer risk in Asians 
Reduced premenopausal cancer risk in humans 
Protection against breast cancer in humans 
Increased risk of ER breast cancer in humans 
Reduced breast cancer risk in humans 

[25, 26] 
[27] 
[28] 
[29] 
[30] 
[35] 

Colon 
 
 
Colorectal 
 
 
 
 
 
Esophageal 
Stomach 

Vegetables and fruits 
Catechins, theanine 
Vegetables and fruits 
Red meat and processed red meat 
Red meat and processed red meat 
Processed red meat 
Coffee 
Spices (ginger, garlic, pepper, etc.) 
Flavonoids, isoflavones 
Catechins, theanine 
Spices (ginger, garlic, pepper, etc.) 
Flavonoids, isoflavones 

Significantly reduced colon cancer risk in humans 
Reduced colon cancer risk in humans 
Significantly reduced colon cancer risk in humans 
Increased colorectal cancer risk in humans 
No association with rectal cancer risk in humans 
Association with gastric cancer (human case-control) 
Significantly reduced colorectal cancer risk in humans 
Prevention, therapeutic effect on cancers in humans 
Reduced risk of colorectal cancer 
Reduced esophageal cancer risk in humans 
Prevention, therapeutic effect on cancers in humans 
Reduced stomach cancer risk in humans 

[11] 
[22] 
[15] 
[16] 
[16] 
[17] 
[19]  
[24] 
[35] 
[22] 
[24] 
[35] 

Prostate Green tea, polyphenol EGCG 
Eggs 

Reduced prostate cancer risk in humans 
Possible reduced risk of prostate cancer in humans 

[23] 
[31] 

Ovarian 
 
 
 
Endometrial 

Fiber intake 
Eggs 
High sugar intake 
Isoflavones 
Coffee 
Isoflavones 

Dose-related reduced ovarian cancer risk in humans 
Modest reduced ovarian cancer risk in humans 
Higher ovarian cancer risk in African American women 
Reduced ovarian cancer risk in humans 
Reduced risk of endometrial cancer in humans 
Reduced risk of endometrial cancer 

[32, 33] 
[31] 
[34] 
[35] 
[20] 
[35] 

Liver Coffee 
n-3 fatty acid 

Reduced liver cancer risk in humans 
Reduction in mortality and hospital stay in post-
operative cirrhotic liver cancer patients 

[19] 
[47] 

Lung 
 

Flavonoids, isoflavones,  
Cruciferous vegetables 
Vitamin E 

Reduced lung cancer risk in humans 
Significantly reduced lung cancer risk in non-smokers  
Protective effect against lung cancer in humans 

[35] 
[36] 
[37] 

Pancreatic 
 

Folate (vegetables, fruits) 
Red meat 
Alcohol 
Non-alcohol Mediterranean diet 
Β-carotene, zeaxanthin, α-tocopherol 

Potentially reduced pancreatic cancer risk in humans 
Potentially increased pancreatic cancer risk in humans 
Increased pancreatic cancer risk after heavy drinking 
No effect on pancreatic cancer risk in humans 
Potentially reduced pancreatic cancer risk in humans 

[38, 39] 
[39] 
[40] 
[41] 
[42] 

Skin 
 

Folate 
Reduced Vitamin D, 25(OH)D level 
Vitamin D and VDR 
Proanthocyanidins 

Sun protection, reduced risk of skin cancer in humans 
Reduced survival of melanoma patients 
Slow-down of melanoma progression in humans 
Potential prevention of non-melanoma cancer in 
humans 

[44] 
[45] 
[45] 
[46] 
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reduction in the risk of the aero-digestive tract, colorectal, breast, and lung cancers. Similarly, 

isoflavones were reported to reduce the risk of ovarian, breast, colorectal, endometrial, and lung 

cancers. In another study conducted on lung cancer risk in Japan, no significant effect of the 

consumption of cruciferous vegetables rich in isothiocyanates was observed [36]. However, 

including smoking as a factor in the study revealed a significant association between cruciferous 

vegetables and lung cancer risk. Furthermore, a meta-analysis revealed a link between vitamin E 

intake and reduced lung cancer risk [37]. It was established that the risk of lung cancer decreased 

by 3% with every 2 mg/day increase in dietary vitamin E.  

In the case of pancreatic cancer, the consumption of vegetables, fruits, and whole grains has 

been associated with a reduced risk of disease [38]. The combination of whole grains and folate 

has been indicated to provide further protection against pancreatic cancer, while it was suggested 

to replace meat cooked at high temperatures with fish or poultry due to the negative effects 

exerted by the former [38, 39]. Although moderate alcohol consumption has been associated with 

a decreased risk of pancreatic cancer, heavy drinking has been reported to enhance the risk [40]. 

In contrast, no association was discovered between an alcohol-free diet and reduced risk of 

pancreatic cancer in the EPIC study conducted with half a million participants across ten European 

countries [41]. A comparison study of exocrine pancreatic cancer patients and healthy volunteers 

demonstrated an association of the reduced risk of pancreatic cancer in individuals with high 

plasma concentrations of β-carotene, zeaxanthin, and α-tocopherol [42].  

In the context of skin cancer, a dramatic increase was reported in disease incidence with 

enhanced exposure to UV light, reaching levels equivalent to those of the malignancies in all the 

other organs combined [43]. Folate has been proposed to perform a critical role in skin cancer 

prevention by potentially providing protection to the sun-exposed skin [44]. As large-scale 

epidemiological studies have indicated that a decrease in folate levels may increase the risk of skin 

cancer, topical folate delivery may provide protection. Vitamin D has exhibited anti-carcinogenic 

and anti-melanoma effects in animal models, providing photoprotection against UVB-induced 

damage [45]. The vitamin D receptor (VDR) or the retinoic acid orphan receptors (ROR)-α or ROR-γ 

have been identified as mediators. In melanoma patients, low levels of hydroxylated vitamin D, 25 

(OH)D, which is the most stable vitamin D metabolite and also a precursor of the biologically active 

1,25 (OH)2D, have been reported to serve as an indication of reduced survival. Moreover, the 

progression of melanoma was observed to slow down with the overexpression of ROR-α or ROR-γ. 

In the case of non-melanoma skin cancer, grape seed proanthocyanidins have exhibited significant 

inhibition of the growth of skin tumors in animal models through the promotion of damaged DNA 

repair and the stimulation of the immune system, a mechanism that holds promise for the 

prevention of excessive exposure to solar UVB radiation and the reduction of the risk of non-

melanoma skin cancer in humans [46]. Finally, reductions in overall mortality and length of 

hospital stay in cirrhotic patients with liver cancer recovering from surgery were observed to be 

significantly improved upon dietary supplementation of n-3 fatty acid [47]. 

Data obtained from epidemiological and nutritional intervention studies have led to a better 

understanding of the impact of nutrition on disease treatment [48]. In this context, bioactive 

nutrients have been reported to play a vital role in affecting immune responses, while dietary 

nutrients have been reported to control inflammatory and pro-tumorigenic responses of the 

immune cells [49]. For instance, metabolic pathway-related nutrients, such as glutamine, arginine, 

vitamin, minerals, and long-chain fatty acids, have been indicated as immunonutrients capable of 
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providing immunoprevention and immune-modulating effects for the reduction of risk of cancer 

and for cancer treatment. Moreover, dietary-derived agents have been identified to possess 

activity against cancer stem-like cells, which are highly tumorigenic and chemotherapy-resistant 

and are also associated with cancer recurrence [50]. Targeting cancer stem-like cells may serve as 

a novel approach to cancer prevention with a low toxicity therapeutic strategy. Potential bioactive 

agents include resveratrol, vitamin A, EGCG, vitamin A, flavonoids, isothiocyanates, and curcumin. 

One area of concern related to the application of bioactive food compounds is their poor 

bioavailability which decreases their therapeutic potency [51]. This concern has been addressed 

by novel formulations of bioactive compounds that are based on nanoparticles, providing 

controlled and sustained release. 

In the context of disease prevention and treatment, it is appropriate to discuss dietary 

interventions. Specific diets such as the Mediterranean diet have been reported to support the 

reduction in the risk of cardiovascular disease [52] and neurodegeneration [53], while the DASH 

(Dietary Approaches to Stop Hypertension) diet was demonstrated to reduce blood pressure [54] 

and coronary heart disease [55]. Moreover, the vegetarian [56], Japanese [57], and Nordic [58] 

diets have all been demonstrated to contribute to lowering of blood pressure. The Paleo diet was 

reported to provide metabolic balance in type 2 diabetes mellitus patients [59]. The 

Mediterranean [60] and vegetarian diets [61] were suggested to reduce cancer risk and cancer 

mortality, respectively.  

3. Cancer and Genetics 

The etiology of cancer was originally postulated to be based on mutagenesis leading to 

uncontrolled cell growth and tumor formation [62]. Although most of the cancers are induced by 

exposure to environmental, lifestyle, or behavioral factors, a minority of them are caused by 

inherited genetic mutations [63]. The two categories of genes affected in such cases are 

oncogenes and tumor suppressor genes. Proto-oncogenes play an integral role in cell growth and 

differentiation and may be activated to give rise to oncogenes as a result of point mutations, 

deletions, amplifications, and chromosomal translocation, leading to uncontrolled tumor growth 

[64]. Tumor-suppressor genes inhibit cell division, and when subjected to genetic changes, 

promote cancer development [65]. In regard to cancer development, it has been postulated that 

most genes require two mutations for a phenotypic change to manifest, as reported first by 

Knudson in 1971 [66], which indirectly led to the identification of cancer-related genes. However, 

since some individuals have inherited mutations in certain genes of theirs, they are at a higher risk 

of developing cancer, as presented in the examples below. 

Lobular breast cancer susceptibility has been reported to be associated with genetic risk factors, 

which mainly comprise the four high-penetrance genes, namely, BRCA1, BRCA2, TP53, and CDH1 

[67]. Germline mutations in BRCA1 and TP53 have mostly been associated with invasive ductal 

carcinoma, while mutations in BRCA2 have been linked to both ductal and lobular cancers. 

Mutations in CDH1 have been associated with invasive lobular carcinoma and not with ductal 

carcinoma. As the risk of lobular carcinoma in female mutation carriers is approximately 50%, 

there is a strong requirement of intensive breast cancer screening through annual magnetic 

resonance imaging and mammograms. 
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Another area of genetics that is associated with cancer is gene polymorphism and its 

susceptibility to colon cancer in the context of environmental factors such as nutrition [68]. In 

particular, the association between red meat consumption and the development of colon cancer, 

and the presence of single nucleotide polymorphisms (SNPs) in the coding genes of the proteins 

involved in the metabolism of nutrients have been investigated [68]. It has been demonstrated 

that gene polymorphisms might have a role to play in colorectal cancer risk in individuals 

consuming large quantities of red meat. Therefore, dietary recommendations should consider 

individual genotype differences while applying nutritional genomics for personalized preventive 

and therapeutic intervention in colon cancer patients. In another approach, the potential 

association between dietary acrylamide intake and the genes related to ovarian cancer risk was 

addressed [69]. A study conducted with 62,573 women, concerning the genes involved in 

acrylamide metabolism and acrylamide-induced carcinogenesis, revealed 57 SNPs and two gene 

deletions, although no statistically significant interactions between acrylamide and the gene 

variants were observed. However, several nominally statistically significant interactions between 

acrylamide intake and SNPs in the HSD3B1/B2 gene cluster were detected. Moreover, SNPs in the 

VDR and the vitamin D-binding protein (VDP) genes have been demonstrated to affect 

melanomagenesis and the disease outcome in melanoma patients [45]. 

In another effort to better understand the impact of genetics on cancer development, the 

comprehensive database for cancer-related somatic mutations, CSOMIC, has been expanded to 

include structural information of proteins encoded by cancer-related genes (COSMIC-3D) [70]. In 

contrast to previous approaches based on the analysis of single domains in large proteins, greater 

than 60% of the genes in the Cancer Gene Census were predicted to contain multiple domains. 

Another drawback is the lack of structural information in public databases, as among the 469 

structures available for gene products, 90%–100% structural information is available for only 87. In 

this context, protein structure modeling based on the two in-house methods, SDM2 and mCSM, 

has been utilized for the investigation of the effects of mutations.   

4. Cancer and Epigenetics 

Epigenetic modifications may be defined as reversible changes in gene expression without 

affecting the primary DNA sequence [71]. DNA methylation [72], histone modifications [73], and 

RNA interference (RNAi) [74] represent the main epigenetic mechanisms, all demonstrating 

association with cancer development. In regard to DNA methylation, the addition of methyl 

groups (CH3), clustered in promoter regions, affects the regulation of gene expression by down- or 

up-regulating mRNA transcription [75]. Hypermethylation of several tumor-suppressor genes in 

their promotion regions has been associated with gene activation and cancer development [76, 

77]. For instance, DNA hypermethylation has been associated with endometrial [78], breast [79], 

prostate [80], and rectal cancer [81]. Interestingly, individuals infected with Helicobacter pylori 

exhibit higher methylation levels, which might be the reason underlying the documented 

enhanced risk of gastric cancer in these individuals [82]. Another issue of importance concerns the 

impact of physical activity. It has been indicated that exercise influenced the reduced risk of 

cancer through increased global DNA methylation [83]. Several cancer drugs based on DNA 

methyltransferase (DNMT) inhibitors such as zebularine have been developed [84] (Table 2). A 

novel inhibitor of DNMT, named n-butylidenephatlide (n-BP), isolated from a Chinese herb, has 
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been reported to exhibit dose- and time-dependent inhibition of DNA methyltransferase 1 

(DNMT1) [85]. Pancreatic ductal adenocarcinoma (PDAC) cells were suppressed by n-BP, PDAC 

tumor growth was inhibited, and survival was prolonged in BALB/c mice. Furthermore, decitabine 

has received approval for use in the treatment of acute myeloid leukemia (AML) in South Korea 

[86].  

Table 2 Examples of epigenetic drugs. 

Drug Disease Phase Application/Therapeutic effect Ref 

 
DNMT Inhibitor 
Zebularine 
n-BP 
Decitabine 
 

 
 
T-cell Lymphoma 
PADC  
AML  
 

 
 
Preclinical 
Preclinical 
FDA, EMEA approved 
 

 
 
Antitumor activity, low toxicity 
Tumor inhibition, prolonged survival 
Treatment of AML 
 

 
 
[84] 
[85] 
[86] 
 

 
HDAC inhibitor 
Vorinostat 
Romidepsin 
Belinostat 
Panobilostat 
 

 
 
CTCL 
CTCL, PTCL 
PTCL 
Multiple myeloma 

 
 
FDA approved 
FDA approved 
FDA, EMEA approved 
FDA approved 

 
 
Treatment of CTCL 
Treatment of CTCL and PTCL 
Treatment of refractory PTCL 
Treatment of multiple myeloma 

 
 
[92] 
[93] 
[94] 
[95] 

 
RNA interference 
miR-193-3a 
anti-PLK1 siRNA 

 
 
Cancer 
ACC 
 

 
 
Preclinical 
Phase I/II 
 

 
 
Effect on apoptosis, metastasis 
Good tolerance, anticancer activity 
 

 
 
[100] 
[102] 
 

 
Combination 
DNMT + HDAC 
DNMT + HDAC 
Anti-KRAS siRNA + 
gemcitabine 
 

 
 
Esophageal cancer 
CTCL 
LAPC 

 
 
Preclinical 
Phase I 
Phase I/IIa 

 
 
Apoptosis, decreased cell migration 
Safe administration 
Stable disease in LAPC patients 

 
 
[88] 
[103] 
[105] 

ACC, adrenocortical cancer; AML, acute myeloid leukemia; CTCL, cutaneous T-cell lymphoma; LAPC, local advanced pancreatic 

cancer; n-BP, butylidenephtalide; PLK1, polo-like kinase 1; PTCL, peripheral T-cell lymphoma; siRNA, small interfering RNA. 

In regard to histone modifications, it has been reported that acetylation, methylation, 

ubiquitination, and phosphorylation are able to repress or activate transcription [87, 88]. Typically, 

histone acetylation has been demonstrated to influence the expression of oncogenes, tumor-

suppressor genes, and DNA-repair genes [72]. For instance, enhanced acetylation of histone 3 

lysine 27 (H3K27) in esophageal cancer cells has been documented [89]. The histone deacetylase 

(HDAC) inhibitor named MPT0G030 has exhibited anti-cancer activity in vivo in HT29 tumor 

xenograft models, suggesting a great potential for its use in colorectal cancer therapy [90]. 

Moreover, HDAC inhibitors, such as vorinostat, romidepsin, belinostat, panobinostat, entinostat, 

and chidamide, have been utilized in the treatment of non-Hodgkin’s lymphoma (NHL) and have 

exhibited promising clinical responses in patients with relapsed/refractors NHL [91]. Several drugs, 

such as vorinostat for the treatment of cutaneous T-cell lymphoma (CTCL) [92], romidepsin for 

CTCL and peripheral T-cell lymphoma (PTCL) [93], belinostat for relapsed or refractory PTCL [94], 

and panobinostat for multiple myeloma [95], have been approved by the FDA. 
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Long non-coding RNAs (ncRNAs) and micro-RNAs (miRNAs) represent the third epigenetic 

mechanism [74]. The importance of miRNAs may be ascertained by the facts such as the 

identification of greater than 800 miRNAs in humans, greater than 3% of the human genes coding 

for miRNAs, and 40%–90% of the human proteins being regulated by miRNAs [96, 97]. MiRNAs are 

able to interact with the mRNA target sequences, resulting in mRNA degradation or suppression of 

translation [97]. The reversible nature of miRNAs has led to the development of miRNA-based 

drugs against cancer [98]. For instance, miRNAs have been used to target tumor-suppressor 

mRNAs or oncogene mRNAs [99]. The tumor-suppressor miRNA named miR-193a-3p has been 

demonstrated to affect proliferation, apoptosis, migration, invasion, and metastasis [100]. In 

another approach, it was demonstrated that HDAC inhibitors could modulate miR-200 expression, 

presenting a novel strategy having the potential for breast cancer treatment [101]. In a phase I-II 

clinical trial conducted with patients having refractory adrenocortical cancer (ACC), a lipid 

nanoparticle formulation of a small interfering RNA (siRNA) was well tolerated and exhibited 

preliminary anti-cancer activity [102]. 

Various combination therapies have also been conducted. In this context, DNMT and HDAC 

inhibitors were combined for the treatment of esophageal squamous cell carcinoma (ESCC), 

resulting in induction of DNA damage, apoptosis, and reduced cell viability [88]. Studies conducted 

with ESCC and esophageal adenocarcinoma (EAC) cells, in vitro as well as in human esophageal 

carcinomas, demonstrated decreased cell migration. Furthermore, the combination of the DNMT 

inhibitor hydralazine-valproate and an HDAC inhibitor were applied for the treatment of CTCL 

[103]. The phase I trial confirmed safe drug administration, although additional studies are 

required to demonstrate efficacy. Moreover, combination therapy of vorinostat with the tyrosine 

kinase inhibitor dasatinib exerted a synergistic effect of enhanced cell cycle arrest and decreased 

BCl-2 expression in human MCF-7 breast cancer cells [104]. A siRNA targeting the Kirsten rat 

sarcoma viral oncogene (K-Ras) was combined with gemcitabine for slow release from a 

biodegradable implant, in a phase I/IIa clinical trial, in patients with non-operable local advanced 

pancreatic cancer (LAPC) [105]. No tumor progression was observed in CT scans in 12 out of 15 

patients, stable disease condition was obtained in 10 individuals, and two patients exhibited 

partial response.  

Another approach to cancer therapy involves the combination of immunotherapy and 

epigenetic drugs [106]. It has been demonstrated that epigenetic drugs such as DNMT inhibitors 

are able to up-regulate immune signaling in epithelial cancer cells through demethylation of 

endogenous retroviruses and cancer/testis antigens [106]. This approach may involve induction of 

interferon pathways by double-stranded RNA (dsRNA) transcripts and enhancement of immune 

checkpoint efficacy, providing a novel potent strategy for cancer therapy. 

Recently, epigenetic changes in relation to cancer and aging have received increasing attention 

[107]. Several bioactive phytochemicals have demonstrated modulatory activities in multiple 

cancers, and when used in combination with dietary interventions such as calorie restriction, have 

been reported to delay aging and minimize the risk of cancer in both preclinical and clinical 

settings. Therefore, these phytochemicals could be applied for cancer prevention and therapy 

either alone or in combination with existing drugs. Moreover, a growing number of epigenetic 

changes have been identified to be involved in the regulation of genes associated with breast 

tumor growth and metastasis [108]. Another finding of importance is that several phytochemicals, 

such as those in green tea, polyphenols, curcumin, genistein, resveratrol, and sulforaphane, 
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induce epigenetic modifications in various types of cancer, including breast cancer. It is, therefore, 

obvious that dietary choices play an important role in cancer prevention and therapeutic 

interventions related to cancers. 

5. Conclusions 

The impact of nutrition on health, disease prevention, and treatment is huge, with the 

indication that up to two-thirds of deaths caused by cancer could be prevented through dietary 

interventions and lifestyle changes. Several dietary components have been demonstrated to 

reduce the risk of cancer. As summarized in Table 1, specific dietary intakes may reduce the risk of 

various types of cancer, while consumption of certain nutrients may increase the disease risk. In 

general, diets rich in vegetables and fruits have been reported to provide both prophylactic and 

therapeutic efficacy. In contrast, diets with a high content of red meat have been demonstrated to 

increase the risk of various types of cancer. However, the real scenario is not all black and white, 

encouraging the designing of a large number of “healthy” diets. Although a few of these diets are 

based on a completely vegetarian set up, certain others emphasize the consumption of red meat 

in moderate levels. Similarly, the favorable effect of a moderate intake of alcohol on health has 

been indicated in certain studies. 

The impact of genetics on cancer development has been well documented, including the 

association of gene mutations, for example, mutations in the BRCA genes, with breast cancer. 

Moreover, gene polymorphism in the form of SNPs may have a role in colorectal cancer risk, 

especially in individuals consuming red meat in large quantities. In another approach, the 

induction of carcinogenesis has been described for SNPs after dietary intake of acrylamides. 

CSOMIC, the comprehensive database for cancer somatic mutations, serves as a great asset for 

research conducted in the integrated field of genetics and cancer development. 

In the context of epigenetics, the main epigenetic mechanisms, namely, DNA methylation, 

histone modifications, and RNAi, have all been associated with cancer development. Moreover, 

nutrition has been demonstrated to induce epigenetic changes. In this context, DMNT and HDAC 

inhibitors have been demonstrated to exhibit efficacy in the treatment of different types of cancer. 

Furthermore, the DMNT inhibitor named decitabine has been approved for AML therapy, and the 

HDAC inhibitor named vorinostat has been approved for the treatment of CTCL. Drugs based on 

miRNAs and siRNAs are currently in preclinical and clinical trials, respectively. Combination 

therapy using DNMT with HDAC inhibitors and siRNA with gemcitabine in CTCL and LPAC patients, 

respectively, has reached the clinical trial stage. Since bioactive phytochemicals are responsible for 

epigenetic modifications in various cancers, they represent an attractive alternative for the 

prevention and treatment of cancer.  
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