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Abstract
Epidemiological and experimental studies suggest that a 
proper diet and a healthy life style can decrease the risk of 
cancer by up to 70%. The cancers most closely related to 
nutrition are breast and endometrial cancers in women and 
prostate and gastrointestinal cancers in men. The review 
outlines that many anti-oxidants, vitamins, phytochemicals, 
and other micronutrients in food have cancer preventing ef-
fects, while many food additives, pesticide residues and high 
consumption of charbroiled meat, nitrites, salt, animal fat 
and trans fatty acids have been associated with increased 
cancer risk. Most studies with micronutrients in relation to 
cancer have been conducted with individual compounds. In 
contrast, our in vitro and in vivo research utilizing over 50 
human cancer cell lines demonstrated better anti-cancer ef-
ficacy with a synergistic combination of micronutrients rather 
than individual compounds. Pleiotropic effects of a nutrient 
combination have been demonstrated in cancer preventive 
and also in therapeutic aspects by inhibiting the hallmarks 
of cancer, including its growth, invasion and metastasis. Di-
etary approaches to health need to be further explored as 
being non-toxic, generally well tolerated, and without signifi-
cant side effects that are commonly associated with conven-
tional chemotherapy and radiation therapy.
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healthcare systems [3,5]. According to the World Health 
Organization (WHO) International Agency for Research 
on Cancer (IARC) the data stress the scope of this health 
problem as one in five men and one in six women will 
develop cancer during their lifetime and one in eight 
men and one in eleven women will die of cancer [6].

The most frequent cancer in men is prostate cancer 
and in women, it is breast cancer. In both genders, the 
prevailing are lung and colorectal cancers. Cancers 
affect more people living in the Western than Eastern 
countries and the susceptibility to different types 
of cancer varies. As such, stomach cancer is most 
common in Japan whereas head and neck cancer and 
cervical cancer are the most frequent cancers in India. 
Observational studies suggest that prostate cancer, 
breast cancer and certain other cancer risks are much 
lower in the population of South East Asia and Japan 
compared to America. The development of cancer is 
a complex process occurring through different stages 
and virtually all organs and tissues are susceptible to it 
[7]. Certain types of cancer have been linked to genetic 
predisposition; however, the main causes of this disease 
have been mostly related to external factors such as 
life style, environmental toxins, and diet. This is one of 
the explanations why national differences in frequency 
of some types of cancers as mentioned earlier often 
disappear in respective migrants populations living 
in the United States due to their exposure to new 
environmental factors, adaptation to different lifestyle 
and diets [8-11].

This scientific evaluation reviews and discusses 
various dietary factors that can affect the development 
of major types of cancer, both in its preventive and 
therapeutic aspects. This knowledge is important in 
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Introduction
A worldwide surge in the incidence of cancer has 

become a major public health concern [1,2]. Cancer is 
the most feared disease, and the second leading cause 
of death in the United States [3,4]. With 18.5 million 
new cases and 9.6 million deaths in 2018, cancer is 
expected to be the number one cause of death by the 
end of this century, imposing an enormous financial and 
social burden on patients, their families, and national 
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mesothelioma. In addition, underground workers are 
more likely to come in contact with uranium and radon, 
which can lead to a higher risk of cancer. It has been 
proven that even living in proximity to mines can lead 
to a higher risk of developing cancer, including brain 
cancer, mesothelioma, stomach, thyroid cancer, and 
more. However, the risk is that much more real for the 
people who actually work there. More than 13 million 
people in the United States are exposed to chemicals at 
work that can be absorbed through the skin, according 
to the CDC. People who work with dyes and paints, 
for example, are at a heightened risk for developing 
bladder cancer, according to the American Cancer 
Society. Repeated exposure to benzidine, arsenic, and 
beta-naphthylamine are some chemicals that could lead 
to cancer with long-term use. In addition to occupation 
related chemicals exposure some pharmaceutical drugs 
and therapies (i.e., chemo and radiation therapies) are 
known to increase a risk and even cause cancer [19-22].

Dietary Aspects Related to Cancer
The National Academy of Sciences, USA estimates 

that 60% of female cancers and 40% of male cancers 
are related to nutritional factors [7,23,24]. Among 
two food sources in the human diet-plants and animal 
meats-it appears that plant-based diet is more health 
beneficial and could reduce cancer risk even by 30-40% 
[7,23,25,26]. For this reason, the American Institute for 
Cancer Research has developed dietary guidelines for 
lowering the risk and preventing all types of cancer [7], 
which recommend the consumption of foods mainly 
from plant sources with five or more servings of fruits 
and vegetables daily. In addition, the Guideline stresses 
the importance of limiting the intake of high-fat food, 
particularly from animal sources and emphasizes the 
significance of moderate physical activity, maintaining 
healthy weight, limited alcohol consumption and 
avoiding tobacco products.

Health benefits of consumption of colored fruits and 
vegetables have been related to the fact that they are a 
rich source of antioxidant nutrients, such as vitamins A, 
C, E, carotenoids, lycopene, the trace mineral selenium 
and many other compounds which can protect the 
body’s cells against damage, slow down the malignant 
process and even reverse it [27-29]. In addition, all 
plants also contain numerous phytochemicals, such as 
indoles, isoflavones, terpenes, phenolic acids, carnosol, 
polyphenols and a component in green tea known as 
epigallocatechin gallate (EGCG). These compounds 
appear to be protective against various cancers based 
on numerous in vitro and animal studies which provide 
evidence for their potential biochemical and molecular 
mechanisms of actions [30]. Also, observational studies 
in human populations support a relationship between 
a nutrient and a cancer outcome. However, a rather 
limited number of randomized controlled studies 
with individual compounds conducted so far were not 

making informed decisions regarding both individual 
dietary choices and shaping up health promoting 
policies.

Major Risk Factors 
It appears that most human cancers can be prevented 

since they relate to lifestyle, diet, environment, or 
exposure to occupational chemicals all of which can be 
modified. Only some cancers have viral or genetic based 
origins. As such, certain types of cancers, including 
lymphoma, leukemia, liver and cervical cancers have 
been linked to the viruses, namely Epstein-Barr virus, 
HTLV, hepatitis B and C, and human papilloma virus 
[12]. Genetics has been associated with about 5-10% of 
all cancers such as breast and ovarian cancers (BRCA1 
and BRCA2 mutations) colorectal (MLH1 and MSH2 
mutations), and prostate cancer (parental mutation on 
chromosome 23 [12-14]. However, the presence of a 
mutated gene is not the only factor and does not assure 
that cancer will develop.

A surge of cancer cases observed in recent 
decades have been largely related to human activities 
ranging from individual life style changes to a global 
environmental impact. These factors play a role in 
common cancers affecting human populations not only 
in the industrialized countries but also in the developing 
world [15]. To this extent many cancer studies concluded 
that diet, smoking, obesity, betel nut use, overexposure 
to sun, lack of physical activity and alcohol consumption 
increase cancer risk. Growing consumption of highly 
processed food as well as expansion of commercial 
agriculture and animal husbandry contributed to 
significant changes in the nutritional value of food. 
Today, food consumed by large populations contains 
a variety of carcinogenic and mutagenic substances. 
They include pesticides residues, food colorants 
and additives, chemical components used in food 
processing and preservation [16]. These in addition to 
the exposure to multitude toxins found in air, water and 
soil could damage the body cells facilitating malignant 
transformations. 

It has been known that certain occupations are 
linked to increased risk of certain cancers, with the most 
common occupational cancer types such as lung (up to 
13%), bladder (up to 19%), and mesothelioma (up to 
90%) [17]. In many cases, it takes decades of exposure 
to carcinogens for the disease to surface. Among many 
high risk professions, the agricultural workers exposed 
to engine exhaust, pesticides, fertilizers, and other 
elements have high incidents of lymphoma, leukemia, 
and several other cancers. Recently, a California farmer 
prevailed in a law suit against Monsanto (now Bayer) 
challenging the development of his leukemia cancer to 
glyphosate contained in Round-up weed killer he had 
used for many years [18]. Construction workers, car 
mechanics, and miners are exposed to asbestos causing 
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studies showed that patients who consume moderate 
amounts of soy throughout their life have a lower breast 
cancer risk [44]. However, several interventional studies 
using high doses of soy estrogens have shown changes 
in breast nipple fluid that would predict higher rates of 
this cancer [45].

Most experts recommend adhering to a moderate 
intake of isoflavones rather than using their sources as 
protective foods.

Endometrial cancer
Endometrial cancer is the third most common 

type of cancer diagnosed in women. It is mostly 
caused by excessive and prolonged stimulation of the 
endometrium lining the uterus by estrogens unopposed 
by the hormone progesterone. This cancer is the one of 
the most strongly associated with obesity, which could 
be related to increased estrogen levels originating from 
its production by the adipose tissue. In addition, chronic 
inflammation and insulin resistance accompanying 
obesity have an impact of endometrial cancer [46]. To 
reduce its risk women should maintain a healthy weight. 

Prostate cancer 
Prostate cancer is the second most common type 

of cancer in American males. It affects men after age 
55 and is more common in African-American males. 
Family history of prostate cancer and testosterone 
levels are contributing factors. Prostate cancer has 
been attributed to high consumption of animal fats, red 
meat, dairy products, and what was recently confirmed 
in a meta-analysis study, a high calcium intake [23,47]. 
Another meta-analysis of the observational studies 
showed a statistically significant association between 
soy consumption, rich in isoflavones (genistein and 
daidzein) and decreased risk of prostate cancer [48].

Colon cancer
Colon cancer is the third leading cause of death 

in American males, aged 55 and above. Diets high in 
saturated fat, red meat, alcohol, and obesity have been 
associated with an increased risk of colon cancer in both 
men and women. Also, inflammatory bowel disease 
(IBD), including either ulcerative colitis or Crohn’s 
disease, as well as consumption of refined sugars and 
having sedentary life style are considered a risk of 
colorectal cancer. Some studies suggest that high fiber 
intake especially from whole grains and plant based 
diet, and high intake of calcium and vitamin D alone or 
in combination can reduce the risk [23,49].

Lung cancer
Lung cancer is the second leading cause of death 

in both men and women in the U.S. Its risk increases 
by about 50% in cigarette smokers, even secondhand 
smoke poses a significant risk. Other risk factors include 
occupational exposure to asbestos, radon, chromium, 

always in favor of anti-cancer efficacy of some individual 
micronutrients or plant extracts consumed in a form 
of supplements [31,32]. However, these studies were 
using different doses of individual components which 
originated from different manufacturing sources, and 
also in arbitrary combined formulations therefore 
they could not lead to definite conclusions. Certainly, 
more adequately designed and powered clinical trials 
are needed to address this important aspect. The 
anti-cancer effects of whole plants may be based on 
synergistic interactions of their numerous components, 
as well as the presence of still unidentified beneficial 
micronutrients or biological compounds, such as dietary 
fibers which have shown to benefit in preventing 
colorectal and other cancers [33,34]. 

A proper diet is important not only in cancer 
prevention, but also in cancer therapy. Numerous 
studies indicate that malignancy is accompanied by 
various micronutrient deficiencies and as such, cancer 
patients have special nutritional needs. This particularly 
applies to cancer patients undergoing radiation and/or 
chemotherapy [35-37]. Studies are rather consistent 
in showing that optimal nutrition and micronutrient 
supplementation have a positive impact on toleration of 
these treatments by patients and reducing detrimental 
side effects [38-40].

Major Types of Cancers Linked to Diet/Dietary 
Factors

It has been shown that the incidence of cancer is 
lower in the Mediterranean region as compared to the 
US, UK and other European countries [41]. This has 
been associated with a characteristic diet for this region 
which is rich in olive oil, fish, vegetables, legumes, 
unrefined cereal and a moderate use of dairy products. 
Research has shown that a type of diet or specific 
individual dietary components play important roles in 
the prevention and management of specific cancers.

Breast cancer
Breast cancer is the leading type of cancer among 

women-at median age of 61 and it accounts for about 
26% of newly diagnosed cases. Since 90-95% breast can-
cer cases is attributable to environmental and lifestyle 
factors-with diet and obesity contributing ∼30-35 and 
10-20%, respectively-this provides major opportunities 
for nutritional prevention and intervention [25]. Several 
reports suggest that even low consumption of alcoholic 
beverages may increase the risk of breast cancer while 
a diet rich in fruits, vegetables (especially from crucifer-
ous family), fish and poultry decreases it [23,42,43].

Obesity also significantly contributes as a risk factor 
as well as the animal fat intake. The effects of soy food 
rich in isoflavones which can have estrogen-like effects 
on the body have been not consistent in respect to 
breast cancer. A recent meta-analysis summarizing 14 
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Liver cancer (Hepatocellular carcinoma) 
Liver cancer is a very aggressive cancer that has 

been increasing at a rapid rate. It is the third most lethal 
cancer worldwide. Development of liver cancer has 
been related to consumption of foods contaminated 
with aflatoxins, excessive alcohol intake and infections 
with Hepatitis B and C viruses [5,26,49,53]. 

Specific Components in Food Affecting the 
Development of Cancer

Plant based diet contain many natural components 
with cancer-preventive properties. At the same time, 
modern methods of agriculture and animal husbandry 
apply hundreds of chemicals (pesticides, fertilizers, 
hormones and antibiotics) which contaminate and 
affect the quality and safety of food [16,56]. Although 
exposure to traces of individual chemicals may not pose 
a significant health risk [57] these agents are commonly 
used in various combinations and potencies and 
repeated exposure to them for long periods negatively 
affects health [58-62]. Growth hormones and antibiotics 
used in animal farming; Pesticides and herbicides in 
plant-based foods; and chemical compounds such as 
bisphenol A (BPA) or phthalates that enter food from 
packaging can increase cancer risk by acting as hormone-
like substances in the body. They can also become 
carcinogens through their cumulative effects on cellular 
metabolism. In addition, many synthetic antioxidants 
commonly used in food processing to prevent microbial 
contaminations, enhance flavor or prolong shelf-life can 
affect cancer risk [24,63].

Dietary factors decreasing cancer risk
The following dietary components have been 

associated with decreased risk of cancer:

Antioxidants: Antioxidants, including vitamins C, E, 
and A and the trace mineral selenium, have been shown 
to reduce the risk of several types of cancers [27,63,64].

Vitamin A and beta-carotene: Beta-carotene found 
in fruits and vegetables is an excellent free radical 
trapping agent, which provides effective protection 
against cancers of the lung, stomach, colon, prostate 
and cervix [65,66]. Although two of three major studies 
on lung cancer in smokers have found beta-carotene 
supplements to be associated with their increased risk 
of cancer [51,67], other studies found beta  carotene 
and other antioxidants beneficial against lung cancer 
even in smokers [68] or having a modest preventive 
effect [69,70].

Vitamin C: Epidemiological studies show that the 
incidence of many cancers inversely correlates with 
diets high in vitamin C [71,72]. According to National 
Cancer Institute, vitamin C can protect against cancers 
of esophagus, stomach, rectum, and pancreas. It may 
also protect from developing cancers of breast, cervix, 
and lung. Animal studies indicate that even in organisms 

nickel and diesel exhaust. The effects of vitamins in 
lung cancers were not consistent. Observational study 
(VITAL) including 77,118 participants, 50 to 76 years of 
age showed that intake of vitamins B6, folate, and B12 
did not affect lung cancer risk among women, however 
vitamin B6 and B12 from individual supplement sources, 
but not from multivitamins, was associated with higher 
lung cancer risk in men, in particular in smokers [50]. A 
controversy has been surrounding the effects of a high 
intake of beta carotene and vitamin A in lung cancer. A 
meta-analysis of randomized controlled trials with beta-
carotene supplementation concluded no effects of on 
lung cancer, with a slightly increased risk in smokers [51]. 
A case-cohort study in smokers and workers exposed 
to asbestos suggests that vitamin A may assist vitamin 
D in preventing lung cancer among smokers [52]. It 
appears that the cessation of smoking, protection from 
second hand smoke, and radon exposure in addition 
to high intake of fruits and vegetables is the best 
recommendation for prevention of lung cancer [49,53].

Oral and esophageal cancer
Oral and Esophageal Cancer accounts for 2-3% of all 

cancers diagnosed in the United States. Esophageal can-
cer is the seventh leading cause of death in Americans 
with a survival rate of about 16%. The main esophageal 
cancer subtypes are squamous-cell carcinoma and ad-
enocarcinoma. Over the last 30 years, the incidence 
of squamous-cell carcinoma has decreased in several 
areas of the world, but adenocarcinoma has risen by 
over fourfold in the US, Australia and several areas of 
Europe; its incidence has particularly increased in men. 
Alcohol and tobacco are the two major risk factors for 
developing squamous cell carcinomas and while to-
bacco and gastro esophageal reflux has been implied 
in adenocarcinoma cancers [49,53,54]. Additionally, 
obesity also contributes to esophageal cancer. To de-
crease cancer risk the diet must be optimized, primarily 
to reduce calorie intake, monounsaturated fat and red 
or processed meat. Consumption of fruits, vegetables, 
and cereals, which are the major source of vitamins and 
fiber, should be adequate in the daily diet. Consumption 
of fried or broiled foods because of formation of het-
erocyclic amines must be avoided because of increasing 
risks of oral cancer including the salivary gland tumors. 
It has been shown that optimal intake of micronutrients 
like vitamin C, E, antioxidants, zinc, beta-carotene, and 
folate are effective in prevention of oral cancer [55]. 

Stomach cancer
Stomach cancer is on the decline. Its primary cause 

has been identified as a chronic infection of Helicobacter 
pylori. Many studies suggest that excessive salt intake 
in the diet, high consumption of smoked and pickled 
foods and processed meat can be linked to stomach 
cancer. Increased consumption of fruits and vegetables 
and a low-salt diet decreases risk of stomach cancer 
[5,26,42,49]. 
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optimal stability of connective tissue and free radical 
defense. Copper is a component of SOD antioxidant 
enzymes. Low tissue copper levels are found in some 
types of malignancies, especially the highly metastatic 
type. Copper salicylates can decrease tumor growth, 
metastases and increase the survival of animals with 
certain types of neoplasms [99].

Phytochemicals: Phytochemicals such as flavonoids, 
indoles, polyphenols, terpenes and others are present 
in cruciferous vegetables, garlic, onions, soy, green tea, 
berries, rosemary and many other plants. They have 
the ability to slowdown and even stop the progression 
of the carcinogenic process by acting at various stages 
of cancer development, including stimulation of the 
immune system, reducing inflammation, triggering 
apoptosis, neutralizing many carcinogens, as well as 
affecting hormonal metabolism in the body [100-103].

Cruciferous vegetables: Isothiocyanates and 
glucosinylates, indole-3-carbinol, brassinin, ascorbigen 
and sulphoraphane present in cruciferous vegetables, 
such as cabbage, broccoli, cauliflower and Brussels 
sprouts, can reduce the risk of colorectal cancer and 
other types of cancers [24,30,88,104,105].

Garlic and onions: Active components such as diallyl 
sulfide, diallyl disulfide and diallyl trisulfide, have shown 
to reduce the risk of cancer [30,88,100,101,106].

Soy flavonoids: Soybeans contain quercetin, 
anthocyanidin, procyanidin and phytochemicals such as 
genistein and daidzein which have estrogenic properties 
of apparent benefit in combating breast cancer [107], 
prostate cancer [108] and other cancers [109]. 

Green tea: Tea has many polyphenols and other 
constituents with antioxidant and anti-cancer 
properties. The major anti-cancer component of green 
tea is epigallocatechin gallate (EGCG) [110], but also 
other catechins in green and black tea extracts are 
effective [111].

Resveratrol: Red wine and skin of red grapes 
contain various polyphenols, of which resveratrol has 
been shown to inhibit human breast, blood and lung 
cancers in many in vitro and in vivo studies [112]. 
It is able to inhibit all carcinogenesis stages (e.g., 
initiation, promotion and progression) and displays 
other bioactive effects, including anti-inflammatory, 
anticarcinogenic, phytoestrogen and neuroprotective. 
However, resveratrol poor solubility and bioavailability 
is still being a challenge [113].

Curcumin: This main ingredient of Curcuma longa 
gives curry its yellow color. Its antioxidant and anticancer 
effects were demonstrated in various types of cancers 
such as leukemia, lymphoma, stomach, gastrointestinal, 
sarcoma, breast, and head and neck cancers. Among 
others, curcumin can slow the tumor growth, decrease 
angiogenesis and induce apoptosis [114].

internally producing vitamin C, a high intake of vitamin 
C delays the onset of spontaneous mammary tumors, 
prevents skin cancer and controls colon, kidney and 
bladder cancers [73-76]. A study using a mouse model 
mimicking human metabolism in respect to a lack of 
vitamin C synthesis and the production of endogenous 
human lipoprotein (a) (GULO-/-; Lp(a+) demonstrated 
that fewer of well-encapsulated and less invasive 
tumors develop in the presence of dietary vitamin C 
[77]. In addition to its antioxidant functions, Vitamin 
C is essential for the immune system [78,79] as well 
as for neutralization of carcinogenic nitrosamines and 
fecal mutagens [80]. It is important in supporting liver 
detoxifying enzymes and blocking the toxic effects 
of carcinogens, such as polycyclic hydrocarbons, 
organochlorine pesticides and heavy metals [81-85].

Vitamin E: Various epidemiological and animal 
studies suggest the role for vitamin E especially in 
lowering colon cancers [86]. Its preventive role in 
prostate cancer has been a subject of controversy 
however; some studies suggest cancer preventive 
effects of gamma and delta tocopherols, but not alpha 
tocopherols [87].

Folic acid: It has been shown that folic acid taken 
with other nutrients found in fruits and vegetables can 
reduce the risk of some cancers [24,27,42].

Lycopene’s: Lycopene’s are phytonutrients related 
to the vitamin A and beta-carotene group which are 
especially abundant in vegetables and fruits. Various 
in vitro, in vivo and human studies have demonstrated 
its role in preventing prostate and other cancers 
[24,27,42,81,88].

Selenium: Dietary intake of selenium has shown to 
lower the risk for lung, prostate and colon cancers [89]. 
Selenium affects different cancer mechanisms, including 
antioxidant protection, detoxification, as well as halting 
cancer cells invasion among others [90].

Calcium: Foods rich in calcium have been shown to 
reduce the risk of colorectal cancer and possibly breast 
cancer [91,92], however it may increase the risk of 
prostate cancer [93]. It is suggested that calcium can 
prevent damage to intestinal lining cells by forming 
insoluble compounds with fatty acids and bile acids. It 
may also decrease cell proliferation in the colon lining, 
promote their differentiation as well as indirectly 
improve cell signaling in the differentiation and 
apoptosis pathways [94,95].

N-acetyl-cysteine (NAC): N-acetyl-cysteine is a powerful 
antioxidant, essential in the production of glutathione. NAC 
can block the metastatic potential of several cancer cell 
lines through inhibition of enzymes that stimulate tumor 
vascularization. Its administration may reduce toxicity of 
chemotherapeutic agents [96-98].

Copper and manganese: These minerals are 
necessary for various cellular functions, including 
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can increase the risk of stomach cancer. Fruits and 
vegetables rich in vitamin C can inhibit the conversion 
of nitrites to nitrosamines [58].

Salt: Most of the salt consumed in the diet is derived 
from processed food increasing the risk of stomach and 
throat cancers [49,53].

Saturated fat and trans-fatty acids: A diet rich in fat 
(saturated fats) is associated with an increased risk of 
cancer of the lung, colon, rectum, breast, endometrium, 
and prostate. Trans-fatty acids are produced during the 
hydrogenation process of oil and margarine [122].

Alcohol: Although, moderate alcohol consumption, 
especially red wine, may have beneficial effects, there 
is convincing evidence linking excessive alcohol intake 
with an increased risk of liver, breast, colon, rectum, 
oral and esophageal cancers [23,25].

Sweeteners: Saccharin, cyclamate, and aspartame: 
Cyclamate is not carcinogenic itself, but when combined 
with saccharin it produced bladder tumors in rats, 
which led to its ban in the US. Later studies showed that 
saccharin in high doses promoted tumors of the bladder 
and other sites in experimental animals. Saccharin was 
banned in Canada, but the controversy surrounding 
the consumption of this and other artificial sweeteners 
still exists [123]. Aspartame sold under the brand 
name NutraSweet or Equal has been associated with 
developing lymphoma and leukemia in rats, and brain 
tumors. However, epidemiology studies did not find 
that its consumption increases the risk of cancer [124]. 
Acesulfame-K, a relatively new artificial sweetener 
found in baking goods, gum and gelatin, has not been 
thoroughly tested, however it has been linked to kidney 
tumors [125].

Food Additives, Pesticides and Herbicides and 
Cancer

Wide application of artificial food additives, herbi-
cides and pesticides has triggered decades long contro-
versial debate regarding their negative health effects, 
including development of cancer. Their ubiquitous use 
is a billion dollar business, which does not refrain from 

Chlorophyllin: Is a water soluble derivative of 
chlorophyll which has shown strong anti-cancer activity 
in various in vitro and in vivo studies [115]. 

Berries: Strawberries and raspberries contain a 
phenolic acid known as ellagic acid, effective in reducing 
the risk of breast and lung cancers [116,117]. 

Carnosol: This and other compounds present in 
rosemary can help in preventing breast cancer [118]. 

Other natural compounds 

Fiber: Consumption of insoluble fiber, such as oat 
bran, is known to reduce the risk of colorectal cancer 
[23,49,88,119].

Amino acids: Lysine and proline: L-lysine and 
L-proline are the building blocks of collagen and elastin, 
the key components of extracellular matrix (ECM). Lysine 
is essential for life, but is not produced in the body. 
Lysine can inhibit collagen digesting enzymes (MMPs 
and plasmin) involved in cancer growth, metastasis and 
angiogenesis, and together with vitamin C contribute 
to optimal stability of ECM as an important barrier 
hindering cancer cells invasion and metastasis [120]. 

Food factors increasing cancer risk

The following chemical compounds present in or 
added to food have been associated with increased risk 
of cancer (Figure 1).

Charcoal-broiled meat: Heterocyclic amines (HCAs) 
and polycyclic aromatic hydrocarbons (PAHs) generated 
during frying or charcoal-broiling of meat at very 
high temperatures are mutagenic and carcinogenic. 
Their consumption has been linked to stomach, colon 
and rectal cancers. Similarly, smoked meat contains 
aromatic hydrocarbons such as benzopyrenes, which 
are potential carcinogenic compounds [49,53,121].

Red meat: The consumption of red meat increases 
the risk of colorectal cancer [24].

Nitrites: Nitrites present in meat and meat products 
to maintain color and retard bacterial contamination are 
converted to nitrosamines by intestinal bacteria, which 

         

Figure 1: Chemical compounds found in food and which are implied in increased risk of cancer.
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the number of kidney and adrenal tumors in laboratory 
animals and it may cause chromosomal damage. It is 
found in American cheese, macaroni and cheese, candy 
and carbonated beverages, lemonade and other.

Other additives and chemical compounds find their 
way into the food supply through agricultural use, 
animal farming, or food processing, even if their use is 
not directly intended for human consumption. 

Pesticides and herbicides
Their exposure levels are regulated by the EPA in the 

US and by other environmental agencies international-
ly. However, safety levels of these powerful toxins are 
being determined based on the dose when they are 
applied as individual compounds. Many animal stud-
ies found numerous pesticides as carcinogenic, (e.g., 
organochlorines, creosote, and sulfallate) and tumor 
promoters (the organochlorines DDT, chlordane, and 
lindane) [59,60]. In humans, arsenic compounds and 
insecticides used occupationally have been classified as 
carcinogens by the International Agency for Research 
on cancer [131,132]. Human data, however, are limited 
by the small number of studies that evaluate individual 
pesticides, a lack of data for exposure to multiple pesti-
cides, and by conflict of interests in industry-sponsored 
research. Epidemiologic studies, although sometimes 
contradictory, have linked phenoxy acid herbicides or 
contaminants in them with soft tissue sarcoma (STS) 
and malignant lymphoma [132]; Organochlorine insec-
ticides are linked with STS, non-Hodgkin’s lymphoma 
(NHL), leukemia, and, less consistently, with cancers of 
the lung and breast [127] and triazine herbicides with 
ovarian cancer [128,131,132]; Organophosphorus com-
pounds are linked with NHL and leukemia [133-135]. An 
excessive incidence of non-Hodgkin’s lymphoma (NHL) 
has been reported among farmers and other occupa-
tional groups working with pesticides. Some pesticides 
exhibit immunotoxin and genotoxic activities. Individu-
als exposed to pesticides have also been found to have 
an increased prevalence of chromosomal abnormalities 
including the t(14;18)(q32;q21), one of the most com-
mon chromosomal abnormalities in NHL [135]. The 
epidemiologic studies reported that the association be-
tween pesticide exposures and risk of NHL was largely 
limited to NHL cases with the chromosomal transloca-
tion t(14;18) [135]. 

Glyphosate

Glyphosate, under a commercial name “Round-up” 
is the world’s most widely used weed killer applied in 
agriculture, forestry, and domestic gardening. Monsanto 
and other companies have developed genetically 
engineered seeds that can tolerate glyphosate, 
allowing farmers to apply it to entire fields without 
destroying crops, but contaminating water, soil and 
endangering insects and other animal species [61,62]. 
The International Agency for Research on Cancer (IARC) 

using its economic power to influence regulators, politi-
cians, media and scientists in taking a stance in favor of 
their products. The links of food additives and pesticides 
to an increase in cancer and other health problems have 
been surrounded by conflicts of interest arguments 
about the use of industry sponsored studies to pressure 
the regulators and deceive the public [126]. Most of the 
discussed health concerns have been related to the use 
of individual components in food however, every per-
son, including children and the elderly is exposed to nu-
merous artificial agents and their cumulative effects on 
human health have not been studied and are not con-
sidered in establishing regulatory guidelines.

Food additives
Butylated hydroxyanisole (BHA), butylated hy-

droxytoluene (BHT), propyl gallate: Butylated hydroxy-
anisole (BHA), butylated hydroxytoluene (BHT), propyl 
gallate and others, are routinely added during food pro-
cessing as preservatives and are found in cereals, chew-
ing gum, potato chips, and vegetable oils. It has been 
shown that they can affect the neurological system of 
the brain and have a potential to cause cancer. BHA 
and BHT are oxidants that form cancer-causing reactive 
compounds in our body [127].

Potassium bromate: Potassium bromate is used to 
increase volume in some white flour bread products 
and it is known to cause cancer in animals. Even its small 
amounts in bread can create problems for humans 
[128].

Fluoride: Fluoride is added to water and many 
dental products to prevent tooth cavities and enhance 
bone mineralization. As of 2008 more than 72% of 
the US population served by public water system has 
access to fluoridated water. Some animal studies have 
linked fluoride to the development of bladder cancer, 
osteosarcoma and thyroid cancers, however, the 
evidence is not strong enough to confirm a direct link 
between human cancers and fluoridation [129]. 

Food dyes: Many commonly used colorants have 
been associated with dangerous side effects [130].

Blue #1 and blue #2 (E133): These dyes found in 
candy, cereal, soft drinks, sports drinks and pet foods 
are banned in Norway, Finland, and France as causing 
chromosomal damage. 

Red dye #3 (also Red #40-a more current dye) 
(E124): After eight years of debate these dyes were 
banned from use in many foods and cosmetics in 1990; 
however, they are on the market until supplies run out. 
Red dye has been associated with thyroid cancer and 
chromosomal damage in laboratory animals. It is found 
in fruit cocktail, maraschino cherries, ice cream, candy, 
bakery products and more. 

Yellow #6 (E110) and yellow tartrazine (E102): They 
are banned in Norway and Sweden. The dye increases 
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Blocking agents 
This group of anti-carcinogens prevents carcinogens 

from damaging cellular macromolecules such as DNA. It 
includes quercetin, genistein, indole 3-carbinol, but also 
some chemicals used in food preservation: BHA, BHT. 

Suppressing agents
These agents act primarily by inhibiting tumor 

promotion and include selenium salts, retinoids, 
carotenoids, BHA, benzyl isothiocyanate and others. 

New Direction in the Application of Micronu-
trients against Cancer: Synergy Approach

A modern scientific research increasingly strives to 
explore and harness the anti-cancer potential of natural 
compounds. It is represented by a research direction 
that aims at increasing efficacy of micronutrients 
through their synergistic interactions. It has been 
shown that such synergistically acting combinations of 
nutrients display pleiotropic effects against cancer by 
simultaneously affecting different mechanisms involved 
in malignancy Initial results indicating enhanced anti-
cancer efficacy of nutrient synergy approach were 
published in 2003 [141]. To date, over 100 studies 
using in vitro and in vivo approaches have confirmed 
the multiple anti-cancer mechanisms affected by 
the two specific nutrient synergies (Table 1) (www.
drrathresearch.org). 

Studies conducted in over 50 human cancer cell 
types including skin, liver, breast, prostate, colon, 
kidney, leukemia and fibrosarcoma have shown that 
a synergistic combinations of several nutrients can 
inhibit the multiplication of cancer cells and tumor 
growth, stop cancer cell invasion, and curb angiogenesis 
and metastasis [142]. In addition, nutrient synergy 
was effective in triggering the apoptotic process in 
various types of cancer cells [143-145]. The synergistic 
combination of vitamin C, select amino acids, 
polyphenols, and other compounds was also effective 
in controlling the inflammation process, triggering 
anti-cancer changes in gene expression, and other 
metabolic aspects accompanying cancer initiation 
and progression (Table 2) [146,147]. Their anti-cancer 
efficacy was superior to the effects achieved with 
individual components in these mixtures [103,148]. 
Especially encouraging are the anti-metastatic effects 
of this nutrient synergy approach, since today there 
are no effective therapeutic means to stop cancer 

concluded in 2015 that glyphosate is a “probable 
human carcinogen”, based on “limited evidence” of 
carcinogenicity in humans and “sufficient evidence” in 
experimental animals. In three out of the four human 
studies of American, Canadian, and Swedish agricultural 
workers, the IARC panel found a link between glyphosate 
and non-Hodgkin lymphoma, a cancer of the immune 
system. Evidence from animal studies also showed a 
link between glyphosate and rare kidney and pancreatic 
cancers and other cancers [136]. Cell-based studies 
showed abnormal changes to cell DNA and cell death 
when exposed to even low concentrations of glyphosate 
[137]. The Glyphosate-cancer-link controversy is an 
example of industry pressure on scientists and heavy 
lobbying in protecting the multi-billion-dollar agent like 
glyphosate. In this, Monsanto and other companies 
do not refrain from discrediting independent research 
and international scientific findings, which includes 
launching personal attacks in the media on scientists 
with an established track record and scientific credibility 
if they present contradictory views.

Possible Mechanism(s) Involved in Cancer 
Inhibition by Dietary Components

Chemical carcinogenesis is a multistage process 
occurring over a relatively long period of time. It is a very 
complex process involving various interactions between 
genes, the environment, and cellular metabolism [138]. 
In general, there are two types of carcinogens: Those 
that damage DNA directly (genotoxic carcinogens) 
and those that use mediators in causing DNA damage 
(non-genotoxic carcinogens). Most of them like other 
xenobiotics in the body undergo extensive transformation 
in the liver, carried out by Phase I and Phase II drug 
metabolizing enzymes. Phase I components are related 
to the metabolism of chemicals and include cytochrome 
P-450 and mixed function oxygenase activity. Phase II 
components are involved in conjugation and detoxification 
process. Phytochemicals and others natural compounds 
mostly boost the induction of Phase II enzymes [139,140] 
and inactivate Phase I enzymes. Chemical substances 
that affect these two enzyme systems could also modify 
cancer risk. They can be divided into three categories.

Precursor conversion inhibitors
This category includes agents that prevent the 

formation of active carcinogens and includes ascorbic 
acid, alpha tocopherol and others.

Table 1: Nutrients contained in two tested natural anti-cancer synergy compositions.

Multi-nutrient Synergy 1 Phyto-Synergy 2Vitamins Amino acids Minerals Polyphenols
Vitamin C L-Lysine Selenium Green tea (EGCG) Curcumin

L-Proline Copper Quercetin Cruciferex®

L-Arginine Manganese Green tea extract (EGCG)
N-acetyl Cysteine Quercetin

Resveratrol
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and their therapeutic potential should be evaluated in 
human studies.
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