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1  Introduction

The common etiological factors for cancer are obesity, nutritional deficiencies, 
smoking, radiation, environmental toxins, sedentary lifestyle, and aging. These fac-
tors cause cancer by damaging genes in combination with existing genetic mutation 
within cells. Epidemiological studies have shown that diet containing fruits and 
vegetables reduce the risk of several types of cancer. High intake of fruits and veg-
etables has an active role in the prevention of chronic disease associated with oxida-
tive stress-mediated carcinogenesis. World Health Organization projects 10,000,000 
cases of cancer per year worldwide and 6,000,000 mortality from cancer per year 
worldwide. It also projected 15 million cases/year in 2020. Cancers vary on the 
basis of age, gender, race, and genetic predisposition.

Despite the continuous advances in cancer treatment and early diagnosis, yet 
colorectal cancer (CRC) is still worldwide afflicting large numbers of people of all 
social classes. The CRC incidence is increasing rapidly in many countries where 
previous rates were low in the past years, indicating the existence of a common etio-
logical factor as being the trigger for CRC occurrence in susceptible subjects. CRC 
is one of the commonest cancers and the third leading cause of cancer death. CRC 
incidence has decreased as a result of effective intervention and lifestyle changes in 
the West. The risk of CRC increases with age as 91% of cases are diagnosed in 
individuals aged 50 and older. Several modifiable factors are associated with 
increased risk of colorectal cancer; among these are obesity, physical inactivity, a 
diet high in red or processed meat, heavy alcohol consumption, and possibly smok-
ing and inadequate intake of fruits and vegetables.
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Prevention of CRC remains a theoretic possibility and ought to be pursued, espe-
cially for patients whose family histories place them at high risk. Identifying genetic 
predisposition, dietary modifications, cessation of alcohol and tobacco use, and che-
moprevention represent the spectrum of primary preventive measures. The role of 
genetic predisposition in CRC is most prominent for patients with familial polypo-
sis, inflammatory bowel disease, a family history of colon cancer, and a family his-
tory of adenomatous polyps. The first two categories require aggressive and regular 
surveillance to identify the development and removal of early adenomas up to and 
including total colectomy. This chapter addresses different aspects of cancer patho-
genesis and the role of nutrition in colorectal cancer prevention.

2  Cancer Pathogenesis and Stages

Cancers represent a heterogeneous group of diseases characterized by uncontrolled 
growth and spread of abnormal cells in the body. Cancer may affect people at all 
ages, even fetuses, but the risk for most varieties increases with age. The disruptive 
behaviors of cancer cells reflect dynamic changes in their genomes and in genes that 
result in disruption of normal regulatory signaling circuits. Cancers vary on the 
basis of both the biologic features of the disease and the characteristics of the 
affected organism. The process by which normal cells are transformed into cancer 
cells is known as carcinogenesis. Cancers are multifactorial diseases, with environ-
mental and endogenous factors contributing at a different level in determining can-
cer risk [1, 2]. Cancer begins when cells in a part of the body start to grow out of 
control. There are many kinds of cancer, but they all start because of out-of-control 
growth of abnormal cells [3]. There are many different forms of cancer. Their mani-
festation is a growth of cells and tissues, which differ in various aspects from the 
surrounding tissue. Cancers occur in all living things. All life forms share similar 
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) blueprints and cell physi-
ology. Therefore, the mechanisms for cancer development and methods for cancer 
treatment are similar [4].

Normal body cells grow, divide, and die in an orderly fashion. During the early 
years of a person’s life, normal cells divide faster to allow the person to grow. After 
the person becomes an adult, most cells divide only to replace worn-out or dying 
cells or to repair injuries [3]. Nearly all cancers are caused by abnormalities in the 
genetic material of the transformed cells. These abnormalities may be due to the 
effects of carcinogens, such as tobacco smoke, radiation, chemicals, or infectious 
agents. Other cancer-promoting genetic abnormalities may be randomly acquired 
through errors in DNA replication, or are inherited, and thus present in all cells from 
birth. The heritability of cancers are usually affected by complex interactions 
between carcinogens and the host’s genome. New aspects of the genetics of cancer 
pathogenesis, such as DNA methylation, and microRNAs are increasingly recog-
nized as important. Genetic abnormalities found in cancer typically affect two gen-
eral classes of genes. Cancer-promoting oncogenes are typically activated in cancer 
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cells, giving those cells new properties, such as hyperactive growth and division, 
protection against programmed cell death, loss of respect for normal tissue boundar-
ies, and the ability to become established in diverse tissue environments [5].

Cancer cells are formed from normal cells due to a modification, mutation of 
DNA and/or RNA. These modifications/mutations can occur spontaneously or they 
may be induced by other factors such as nuclear radiation, electromagnetic radiation 
(microwaves, X-rays, Gamma-rays, Ultraviolet-rays), viruses, bacteria and fungi, 
parasites (due to tissue inflammation/ irritation), heat, chemicals in the air, water, 
and food, mechanical cell-level injury, free radicals, evolution and aging of DNA 
and RNA, plus poor diet, stress, lack of proper exercise, and lack of sufficient rest 
and sleep. All these can produce mutations that may start cancer. Cancer can be 
called therefore “Entropic Disease” since it is associated with the increase of entropy 
of the organism to the point where the organism cannot correct this itself. External 
intervention is required to allow the organism to return to a stable entropic state [6]. 
Although the relatively small risks associated with low-level exposure to carcino-
gens in air, food, or water are difficult to detect in epidemiological studies, scientific 
and regulatory bodies throughout the world have accepted the principle that it is 
reasonable and prudent to reduce human exposure to substances shown to be carci-
nogenic at higher levels of exposure [6].

The transformation of a normal cell to a cancer cell occurs through three distinct 
phases, initiation, promotion, and progression. Initiation of cancer occurs in the 
normal cells due to exposure of carcinogenic and mutagenic agents. The initiated 
cells are irreversibly altered and are at greater risk of neoplastic transformation. 
However, initiation alone is not sufficient for tumor formation [7]. In promotion 
phase, tumor promoters convert the initiated cells into neoplastic cells [8]. 
Progression involves a stepwise evolution of neoplastic cells into higher degree of 
malignancy [7, 8]. In clinical practice, cancer is divided into five stages: stage 0, 1, 
2, 3, and 4. In stage 0 cancer cells are found in one tissue area and have not invaded 
normal surrounding tissue, whereas in stage 1 and 2, cancer is found only in the 
organ where it started to grow. Stage 3 is also known as regional and here cancer 
cells start to spread to the surrounding tissues or lymph nodes, metastasis [9]. 
Eventually it moves to other organs and systems of the body in stage 4, the last stage 
of cancer [9].

3  Colorectal Cancer

Cancer of the large bowel is a major health problem. Worldwide each year, over 
900,000 new cases are diagnosed, and almost 500,000 people die from the disease 
[3]. About two-thirds of the incident cases occur in developed countries, where 
colorectal cancer is the third most common cancer in men and second most common 
in women [8]. Relatively few colorectal cancers occur in persons younger than 40. 
Rates increase rapidly with age thereafter, more markedly for colon than for rectal 
cancer [9]. The burden of colorectal cancer is, therefore, expected to increase in the 
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future as a result of population aging and increased life expectancy. This is particularly 
true for developing countries [3]. Colorectal cancer ranks second in terms of inci-
dence and mortality in more developed countries. There is a significant geographical 
variation in age-standardized incidence rates that vary approximately 20-fold 
around the world with high rates occurring in countries of Europe, North America, 
Australia, and Japan. Although the colon and rectum have different etiological 
background, they are usually considered together. Migrants groups from low 
incidence countries rapidly reach the higher level of adopted country, suggesting 
that environmental factors play an important role in etiology [10].

Large bowel cancer is predominant in affluent societies and most frequent in 
North America, Western Europe, Australia, New Zealand, and the southern part of 
South America. CRC is the third most commonly diagnosed cancer and the third 
leading cause of cancer death in both men and women in the USA [11]. Colon 
cancer is cancer that starts in the large intestine or the rectum. Such cancer is 
sometimes referred to as “colorectal cancer.” Other types of colon cancer such as 
lymphoma, carcinoid tumors, melanoma, and sarcomas are rare. The term “colon 
cancer” refers to colon carcinoma and not these rare types of colon cancer. CRC 
ranks second in terms of incidence and mortality in more developed countries. 
There is a significant geographical variation in age-standardized incidence rates 
that vary approximately 20-fold around the world with high rates occurring in 
countries of Europe, North America, Australia, and Japan. Although the colon and 
rectum have different etiological background, they are usually considered 
together. Migrants groups from low incidence countries rapidly reach the higher 
level of adopted country, suggesting that environmental factors play an important 
role in etiology.

Many epidemiologic studies have indicated that the risks of CRC include genetic 
predisposition, modern lifestyle, environmental toxins, high consumption of red 
meat, alcohol, and low intakes of vegetables and fruits [12]. Among all of these etio-
logical factors, the role of diet remains an effective approach for primary interven-
tion for CRC. Recent case-control studies have shown that low or moderate intake 
of folate and B12 results in impairment of methylation reactions, including DNA 
hypomethylation which is thought to be the trigger of tumorigenesis in human cells 
[13]. In addition, low intakes of folate and vitamin B12 decrease the antioxidant 
capacity of human cells with a consequent reduction in glutathione, the major intra-
cellular antioxidant. Oxidative stress has been associated with different types of 
cancers [14]. In developing countries, CRC account for just 2.5% of all cancers. 
Almost all colorectal cancers are adenocarcinomas. The incidence rate is a little 
higher in North Africa than in sub-Saharan Africa [15].

Environmental factors such as diet and alcohol intake also differ in their role in 
the development of tumors in the three segments, proximal colon, distal colon, and 
rectum. Proximal shift of colon cancer has been known for some time, and sur-
vival rates of colorectal cancer are higher when rectal cancers are excluded, both 
of which emphasize the three different segments of colorectal cancer and their 
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different properties [16]. Meanwhile, colonic and rectal cancers are distinctive 
therapeutic entities. The concept of three entities of colorectal cancer may be 
important in designing clinical trials or therapeutic strategies [17]. CRC is malig-
nant cells found in the colon or rectum. Because colon cancer and rectal cancer 
have many features in common, they are sometimes referred to together as colorectal 
cancer. Colon cancer is cancer that starts in the large intestine (colon) or the rectum 
(end of the colon). Other types of colon cancer such as lymphoma, carcinoid 
tumors, melanoma, and sarcomas are rare [17].

CRC is a disease in which cancerous growths (tumors) are found in the tissues 
of the colon and/or rectum. The colon is the upper five to six feet of the large intes-
tine; the rectum is the last 15 inches of the colon [7, 8]. It usually develops slowly 
over a period of many years, and usually begins as a noncancerous polyp, which 
may eventually change into cancer. A polyp is a growth of tissue that develops on 
the lining of the colon or rectum. Certain kinds of polyps, called adenomatous 
polyps or adenomas, are most likely to become cancers, although most adenomas 
do not become cancerous. More than half of all individuals will eventually develop 
one or more adenomas. About 96% of colorectal cancers are adenocarcinomas, 
which evolve from glandular tissue. The great majority of colon and rectum 
cancers arise from an adenomatous polyp, which is visible through a scope or on 
an X-ray [18].

Globally CRC is one of the commonest cancers and the third leading cause of 
cancer death. CRC incidence has decreased as a result of effective intervention and 
lifestyle changes in the West. The risk of colorectal cancer increases with age; 91% 
of cases are diagnosed in individuals aged 50 years and older. Several modifiable 
factors are associated with increased risk of colorectal cancer. Among these are 
obesity, physical inactivity, a diet high in red or processed meat, heavy alcohol con-
sumption, and possibly smoking and inadequate intake of fruits and vegetables. 
Studies indicate that compared to healthy-weight individuals, men and women who 
are overweight are more likely to develop and die from colorectal cancer. Colorectal 
cancer risk is also increased by certain inherited genetic mutations [familial adeno-
matous polyposis (FAP) and hereditary non-polyposis colorectal cancer (HNPCC), 
also known as Lynch syndrome], a personal or family history of colorectal cancer 
and/or polyps, or a personal history of chronic inflammatory bowel disease [19].

The exact cause of most colorectal cancer is unknown, but the known risk factors 
are the most likely causes. Less than 10% of CRC are caused by inherited gene 
mutations. People with a family history of colorectal cancer may wish to consider 
genetic testing. The American Cancer Society suggests that anyone undergoing 
such tests have access to a physician or geneticist qualified to explain the signifi-
cance of these test results. According to the American Cancer Society, colorectal 
cancer is one of the leading causes of cancer-related deaths in the United States 
(however, early diagnosis often leads to a complete cure). There is no single cause 
for colon cancer. Nearly all colon cancers begin as noncancerous (benign) polyps, 
which slowly develop into cancer [18, 19].

Nutrition and Colorectal Cancer Pathogenesis



116

4  Nutrition and Colorectal Cancer

It has been estimated that 30–40% of all CRC tumors can be prevented with a cor-
rect lifestyle and diet [20]. CRC is a preventable disease. When people migrate from 
low incidence countries, such as Japan or Africa, to a high incidence country such 
as the United States, the rates of disease among their offspring increase to those of 
their adopted country. This indicates that there is something in the environment that 
is responsible. There is about a ninefold difference in the incidence of colorectal 
cancer in the highest risk countries compared to the lowest risk countries. Based on 
these differences in incidence and the experience of migrants, experts have esti-
mated that as much as 80% of colorectal cancer might be explained by environmen-
tal factors. The term “environment” in this instance does not refer to air or water 
pollution, but rather to dietary and lifestyle factors that are part of our environment. 
Although the environment is central to the etiology of most colorectal cancers, indi-
vidual genetically determined susceptibility is also important, as well as to under-
stand gene-environment interaction as it relates to colorectal cancer risk. The 
implications of an environmental cause of colon cancer are clear. If we could iden-
tify and modify the relevant environmental factors, we could prevent most colorec-
tal cancer.

Diet has received the greatest attention for obvious reasons—diet is a factor that 
changes markedly with migration and acculturation. Moreover, what we eat ends up 
in our colon, in one form or another. There have been a large number of studies of 
diet and colon cancer. It was summarized that the information on dietary and life-
style factors that have been linked with colorectal cancer were qualitative and sub-
jective [10, 20]. The comparison of CRC incidence in various countries strongly 
suggests that sedentarily, high caloric intake, and perhaps a diet high in meat (red or 
processed) could increase the risk of colorectal cancer. In contrast, a healthy body 
weight, physical fitness, and good nutrition decreases cancer risk in general. 
Accordingly, lifestyle changes could decrease the risk of colorectal cancer as much 
as 60–80% [21]. Fruits and vegetables have received much interest because they 
contain numerous substances (vitamins, minerals and fiber) with anticarcinogenic 
activity. Case-control studies concluded that diets high in fruits and vegetables were 
consistently associated with lower risk of some, but not all, cancers [22]. In addi-
tion, the world cancer research fund (WCRF) panel concluded that the consumption 
of fruits and vegetables has been consistently associated with a reduced risk of 
human cancers at many sites, reduced risk of adenomas and especially of colon 
cancer [23].

Consumption of diets rich in cruciferous vegetables (broccoli, cabbage, and cau-
liflower) appears to be associated with a reduction in the risk of cancer of the colon 
and rectum. These vegetables are rich in isothiocyanate compounds. Animal studies 
have shown that diets rich in these substances are chemopreventive, when provided 
before chemical carcinogens, but when they are administered after the carcinogen 
they increase tumorigenesis [24]. Fruits and vegetables are rich in dietary antioxi-
dants, vitamin C, and β-carotenoids. High consumption of foods rich in these 
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 antioxidants results in a decreased risk for many cancers, including colorectal and 
lung [25]. A high intake of dietary fiber (from eating fruits, vegetables, cereals, and 
other high-fiber food products) has, until recently, been thought to reduce the risk of 
colorectal cancer and adenoma; it has been found that a fiber-rich diet does not 
reduce the risk of colon cancer [12]. The Harvard School of Public Health states: 
“Health Effects of Eating Fiber: Long heralded as part of a healthy diet, fiber appears 
to reduce the risk of developing various conditions, including heart disease, diabe-
tes, diverticular disease, and constipation [12]. Despite what many people may 
think, however, fiber probably has little, if any effect on colon cancer risk” [12, 26].

Cohort studies concluded that diets high in total fat increases the risk of lung, 
colorectal, breast, and prostate cancers. Fat intake, owing to its high caloric density, 
increased risk of obesity, an indirect risk factor for endometrial, postmenopausal 
breast and renal cancers [27]. Total fat intake includes saturated, monounsaturated, 
and polyunsaturated fats. Saturated fats are derived from animal fat and are associ-
ated with greater risk of cancer, meanwhile monounsaturated fat intake, and the 
primary source is olive oil, has been hypothesized as a protective measure against 
cancer. Polyunsaturated fats include the n-3 fatty acids, conjugated linolenic acids 
(CLA) that are derived largely from fatty fish, and trans fatty acids present in vari-
able quantities in hydrogenated oils and fast foods [28, 29]. CLA polyunsaturated 
fatty acids are well documented in preventing chemical carcinogens and are found 
mainly in dairy fats, milk, and cheeses. The CLA amounts in foods are not well 
documented in food composition tables, so human exposures are difficult to quan-
tify in epidemiological studies [30, 31].

5  Conclusion

Regular screening examinations by a health care professional can result in the 
detection and removal of precancerous growths, as well as the diagnosis of cancers 
at an early stage, when they are most treatable. CRC is among cancers that can be 
diagnosed early through screening and early detection; this approach has been 
proven to reduce CRC mortality. In the majority of people CRC can be prevented 
with proper lifestyle modifications which include low-entropy diet, exercise, sleep, 
and stress reduction. In most cases cancer develops slowly over many years. With a 
positive change of lifestyle and healthy environment this trend can be reversed in 
the majority of CRC diagnosed patients. CRC etiology is complex and involves 
both genetic and environmental factors. Among the environmental factors, the 
dietary habits play a major role. Low intake of fibers, fruit, and vegetables and high 
intake of fat have been linked with increased risk of CRC. Therefore, dietary recom-
mendations have been established to encourage people to change their dietary hab-
its. Dietary fat and protein strongly correlate with the incidence of CRC, while 
low-fat, high-fiber, high-calcium diets, and diets with a high vegetable content 
appeared to be protective.
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Dietary factors that have been studied for their possible role in the cause of colon 
and rectum cancer include high intake of red meat, alcohol, refined sugar, saturated/
animal fat, and processed meat. Meanwhile high intake of fruits and vegetables acts 
as a preventive factor against colon and rectum cancer occurrence. Molecular biol-
ogy studies indicate that micronutrients deficiencies, particularly folate and vitamin 
B12, induce carcinogenesis in susceptible persons, via mechanisms that involve cell 
signaling, cell division, and DNA methylamines. There is robust evidence from 
cross-sectional and longitudinal studies to support that an energy-dense, high fat 
diet and physical inactivity are independent risk factors for weight gain and obesity. 
Overweight and obesity are established risk factors for CRC, as supported by both 
animal studies and human epidemiologic studies.

Many studies have revealed that dietary fiber contributes quantitatively to 
colorectal cancer risk or prevention. The protective effect of high intake of dietary 
fiber against colorectal cancer is mainly due to two major’s mechanisms; firstly fiber 
decreases fecal transit time so it diminishes the exposure time of stool with toxins 
to epithetical cells. Secondly dietary fiber adsorbs stool toxins thus protecting the 
colonic epithelial cells. In the west the primary preventive measures for CRC 
include maintaining a healthy body weight, being physically active, and minimizing 
consumption of red meat and alcohol. In addition, early screening of colorectal 
cancer in the west results in early detection of the disease and removal of colorectal 
polyps before they become cancerous; therefore, the mortality rate of CRC in the 
west is lower than that in the developing countries.
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