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..... Cancer is not cured with surgical instruments, but
with a vegetarian diet and medicinal herbs...

Hippocrates



Preface

Cancer is a major public health concern not only in the Western countries but also in
other parts of the world. Although modern advancements and techniques play a signifi-
cant role in the treatment of cancer, cancer morbidity and mortality is still on the rise.
Current research supports the notion that the primary intervention for cancer relies
mainly on combating etiological and risk factors associated with cancer incidence. This
approach might be succeeded through lifestyle modifications and adopting dietary
intervention strategies including increase in consumption of bioactive components and
functional foods that have anticancer therapeutic effects by stimulating DNA repair
mechanism, promoting production of protective antioxidant enzymes, inhibiting can-
cer-activating enzymes and hormones, and inducing cellular antioxidant capacity.

The book includes 16 chapters that cover a broad range of methodological and
theoretical approaches of functional foods, bioactive components, and natural thera-
peutic agents in cancer prevention. In addition to addressing the multifactorial (i.e.,
medical and lifestyle) aspects in the development of different types of cancers, we
aimed to cover in a single volume the potential therapeutic aspects of natural anti-
oxidants in the foods, the basic understanding of cancer risk factors, preventive
measures, and possible treatments currently available.

The contributing authors to this book were selected considering their expertise in
their respective fields. Individually each chapter represents a unique perspective
into the biochemical and clinical basis of cancer. The chapters summarize current
research findings and present novel ideas and possible mechanisms that may be of
potential importance in cancer prevention. The book is structurally formatted into
two sections: Bioactive Components and Cancer covers antioxidants in foods
including plants and components of the diet; and Lifestyle, Medicine, and Cancer
covers the risk factors and medical aspects of cancer.
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viii Preface

We are confident that the scientific community and researchers will find in this
book methods of effective treatment or at least improvements in cancer prevention.
Nevertheless, the materials in this book provide a framework for further in-depth
studies in order to devise new therapeutic strategies.

Muscat, Oman Mostafa I. Waly
Muscat, Oman Mohammad Shafiur Rahman
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Risk Factors for Cancer: Genetic
and Environment

Mohammad Shafiur Rahman, Sithara Suresh, and Mostafa 1. Waly

1 Introduction

Today, millions of people are living with cancer or have had cancer. The risk of
developing most types of cancer can be reduced by eliminating risk factors of this
disease. Often, the sooner a cancer is found and treatment begins, the better are the
chances for living for many years. Risk is considered as the chance or probability
that a given hazard will occur. Judgement of risk should be made so that level of
concern could be made. Severity is the degree of damage one hazard could cause.
Based on the calculations of the cumulative risks, it is reported that three in every
four men and one in every four women would have cancer before the age of 75 years
[1]. Cumulative risk factor can be defined as the combination of threats from expo-
sure to multiple agents or stressors including biochemical, chemical, physical, and
psychosocial entities [2]. The risk assessment is a possible tool to analyse, quantify,
and ameliorate the combined adverse effects on human health from exposure to
many hazards [2, 3]. Currently, there are scarce procedures to analyse the real-world
health problems and to conduct risk assessments. This is due to the unavailability of
appropriate data, lack of mechanistic understanding, and deficiency of verified ana-
Iytical frameworks. Exposure to wide range of chemicals and other agents from
multiple sources in everyday lives have become a major concern on the cause of
several diseases including cancer. Information on the causes of cancer has emerged
and it is identified from the investigations of cancer patterns in human populations
and induction of tumours in experimental animals with cancer-causing agents [4, 5].
The estimation of human health risk on determining the carcinogenic potency of
individual manufactured chemicals from exposure to multiple agents were first
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employed by the U.S. Environmental Protection Agency (EPA) and the U.S. Food
and Drug Administration (FDA) in the 1970s [3]. The majority of assessments con-
ducted by EPA have concentrated on individual chemical agents, distinct sources or
source categories, single exposure pathways, environmental media, and routes of
exposure. This chapter will provide overview on the risk factors for cancer. This
chapter summarizes recent trends in cancer risk factors, in particular the role of
genetic and environment.

2 Environmental Risk Factors

Cancer is a multifactorial disease due to a combined effect of both genetic and envi-
ronmental factors. Therefore, it is important to understand both genetic and environ-
mental risk factors properly since improper understating could lead to take wrong
actions towards the reduction of the overall risk. The environmental risk factors
include all non-genetic factors such as diet, alcohol consumption, lifestyle, and
infectious agents [6].

2.1 Tobacco

The main tobacco plant in the world is Nicotiana tabacum and cigarettes represent
the main tobacco product worldwide. The industrial production of cigarettes started
in the second half of the nineteenth century. Other smoking tobacco products include
cigars, cigarillos, pipe, hookah, bidis and many other local products. The use of
tobacco is one of the main identified environmental causes of human-cancer-related
death worldwide, which invades the lung and other organs like larynx, oral cavity,
pharynx, oesophagus, pancreas, kidney and bladder [7]. Higher rates of lung cancer
are observed in North America, whereas its incidences in the developing countries
are the lowest [8]. In USA, Europe and Japan, 83-92% of lung cancer is observed
in men and 57-80% of lung cancers in women and these are related with tobacco
consumption [9]. Cigar and pipe smoking habit show a greater risk for oral cavity
cancer than cigarette smoking. The risk of oral cavity cancer is double in case of
those who smoke and do not drink as compared to those who neither smoke nor
drink. The risk of bladder and kidney cancer varies depending on the duration and
intensity of smoking, but it is lower than that for lung cancer. Smoking could also
lead to other types of cancer such as stomach, liver, nose cancer and myeloid leu-
kaemia. Exposure to environmental tobacco smoke could also lead to lung cancer
and laryngeal cancer. However, the incidence of disease is much less as compared
to active smokers. Smokeless tobacco products could also lead to increased risk of
head and neck cancers. Statistical reports are saying that approximately 25% of
cancers in men and 4% in women occur due to tobacco smoking. The prevalence of
cancer among women is expected to increase in the future in developing countries
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and represents a major carcinogenic hazard in the Southern Asian region in both
genders [10].

The habit of cigarette smoking or tobacco chewing is common in many commu-
nities [11]. The prevalence of smoking varies throughout the world and the propor-
tion of smokers is decreasing among the men in industrialized countries. During the
first decades of the twentieth century, more than 70% of men in Europe and North
America were addicted to smoking. However, the proportion has decreased in recent
times. In contrast, women smoking rates became prevalent in the second half of the
twentieth century and is seen as an increasing trend in industrialized countries. In
China, the increase is particularly dramatic, it is observed that more than 60% of
adult men are estimated to smoke, whereas smokeless tobacco and bidi smoking are
common in India and its neighbouring countries [12]. Habit of smoking is also seen
increasing in young women. The risk of lung cancer is related to the parameters of
tobacco smoking which is determined by the dose of carcinogen, the duration of
administration and the intensity of exposure. Hence, the annual lung cancer death
rate among 55-64 years old who started smoking at the age of 15 and smoked a
daily of 21-39 cigarettes is about three times higher than for those who started at the
age 25.

Increase in cancer risks can also be caused by the interaction of other environ-
mental carcinogens, like alcohol consumption, exposure to asbestos, and ionizing
radiation, with smoking. The risk of lung cancer is more in individuals exposed to
both tobacco smoke and asbestos. The most abundant compound present in ciga-
rette is nicotine (0.1-2.0 mg/cigarette) and includes polycyclic aromatic hydrocar-
bons [13, 14]. Other carcinogens present are N-nitroso compounds, particularly
nitroso derivatives of nicotine and nornicotine. Cancer caused by tobacco smoke is
not attributable to any specific chemical compound, but to an overall effect of the
complex chemical mixtures. A greater tobacco-related cancer risk is seen from
black tobacco cigarette smoking than smoking of blond cigarettes [15]. Similarly,
unfiltered and high-tar cigarettes pose a higher risk for tobacco-related cancers
compared to filtered and low-tar cigarettes. However, there is no “safe” mode exit
for tobacco products.

2.2 Alcohol

Alcohol consumption is another targeted risk factor for developing cancer [16].
Beverages containing alcohol are produced in most countries since ancient times.
Most alcoholic beverages can be grouped as beers (5% alcohol), wines (12% alco-
hol), and spirits (40% alcohol). Official consumption of alcoholic beverages by an
adult is equivalent to 4 L of alcohol/year (or 9 g/day) whereas unofficial consump-
tion is estimated to be 20-100% of the official figures depending on the country
[17].

Epidemiological studies of case-control type conducted in populations with dif-
ferent level of consumption showed the risk of developing oral cavity, oesophageal,
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liver, breast, colon and rectal cancers. The carcinogenic effect of alcohol is more
potent to oral cavity, pharynx, and oesophagus [18, 19]. Daily consumption of alco-
hol is proportional to risk of developing a cancer [20]. The risk of developing head
and neck cancer is reported to be 5-10 times higher in heavy drinkers, while the
breast cancer in women, the risk is approximately twofold. There is a synergistic
interaction between alcohol drinking and tobacco smoking in the aetiology of oral
cavity, pharynx, larynx and oesophagus cancers. The risk of developing cancers is
more in individuals who consume both tobacco and alcohol than in those consum-
ing separately [21, 22]. The pattern of drinking (i.e. intake of moderate quantity or
intermittent intake of large quantity) is irrespective in the risk of developing
cancer.

The mechanism of cancer causation by alcohol is not well understood. The
hypothesis proposed for the increased cancer development due to alcohol is either
the presence of chemicals (such as N-nitrosamines) in alcoholic beverages other
than ethanol or a solvent action which facilitates the absorption of other carcinogens
(from tobacco smoke) or a carcinogenic role of acetaldehyde, a major metabolite of
ethanol and a proven carcinogen in experimental animals [23, 24]. Overconsumption
of alcohol also leads to several other diseases like alcohol psychosis, chronic pan-
creatitis, liver cirrhosis, hypertension, haemorrhagic stroke, and low birth weight in
babies born to alcoholic mothers. Therefore, a control over alcohol consumption
reduces several types of cancer and helps to lead a healthy and quality life.

2.3 Occupational Carcinogens

The link between the cancer risks and working environment were first reported in
1950. The first occupational cancer was mesothelioma due to asbestos and was
reported in 1993. Occupational-related cancer is considered as the most significant
and preventable causes of cancer. The global burden of occupational cancer was
first estimated in 1981 at 2—4% of total cancer cases [25]. Evidences of occupational-
related cancer have been obtained mainly in developed countries due to the rise of
hazardous industries and the establishment of local industries as a part of rapid
global industrialization, especially where health and safety standards and require-
ments may not be so stringent. The evaluation of cancer risks to humans emerged as
a consequence of exposure to chemicals, physical and biological agents such as
asbestos, crystalline silica, heavy metals, mustard gas, 2-naphthylamine, dichloro-
methane, inorganic lead compounds, formaldehyde and 1,3-butadiene [26, 27].
Most of these chemicals have been shown to be carcinogenic in experimental ani-
mals and have been associated with an increased cancer risk with a group of agents
rather than a single compound. Several individual polycyclic aromatic hydrocar-
bons are proved to be experimental carcinogens however; human exposure always
involves complex mixtures of these chemicals in variable proportions.

An increased risk of cancer has been evaluated from a number of industries and
occupations. In some cases, the agents responsible for increased cancer risks are
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well established, such as wood dust from wood industry whereas the scenario is
different for those working in rubber industry or employed as a painter. Here, the
risk of cancer would be high but a precise carcinogen is difficult to identify. Exposure
of workers mainly to wood dust in furniture and cabinet making industries are
shown to cause nasal adenocarcinomas. Leclerc et al. [28] reported an elevated sino-
nasal cancer risk by the exposure of wood dust. Bonneterre et al. [29] also reported
sino-nasal cancer with exposure to leather dust. Occupational exposure to some of
the known or suspected to be carcinogenic pharmaceutical drugs and administration
of these drugs to patients by nursing staffs can also occur in pharmacies. Friedman
et al. [30] observed the carcinogenic effects of some of the pharmaceutical drugs
and reported that 61 out of 105 drugs have shown increased cancer risk.

Other sources of exposure could be by hepatitis B virus in the hospitals, food
processors contaminated with aflatoxins from contaminated food, ultraviolet radia-
tion and combustion fumes. By the mid of 1950s, studies were reported that benzi-
dine and 2-napthylamine caused occupational bladder cancer [31]. It was also
reported that rubber workers were subjected to malignancy which were attributed to
aromatic amines and 4-aminobiphenyl. Dalrymple [32] reported bladder tumours in
rubber workers. Later studies on working environmental exposure to aromatic
amines have shown that mixtures of compounds were responsible for the malig-
nancy rather than a single agent. Gastric cancer is one of the main causes of signifi-
cant morbidity and mortality and several occupations in coal and tin mining, metal
processing, particularly steel and iron, and rubber manufacturing industries could
lead to an increased risk of gastric cancer [33]. Tumours of the urinary bladder in
workmen associated in the manufacture and use of certain dye stuff intermediates
have been reported frequently. Several million people are believed to work as paint-
ers and approximately 0.2 million workers worldwide are employed in paint manu-
facture. A 40% excess risk of lung cancer has been consistently recorded in painters
exposed to hydrocarbon and chlorinated solvents, dyes, polyesters, phenol-
formaldehyde and polyurethane resins. Auramine colourants are used for dyeing
leather, jute, tanned cotton, and paints, and as dye components in ballpoint pastes,
oils and waxes, and carbon paper. The manufacture of auramine has been reported
to cause bladder cancer but the causative agent is unknown [34].

Another causative agent responsible for leukaemia is benzene which is used as a
solvent and as an intermediate in chemical and petroleum industries [35]. Many
studies have reported that exposure to benzene causes non-lymphocytic and myelog-
enous leukaemia [36, 37]. Khalade et al. [38] showed that exposure to benzene at
work increased the risk of leukaemia in a dose-response pattern. Rushton et al. [39]
reported that the occurrence of myelodysplastic syndrome was more related with
low exposure to benzene and higher lymphoid leukaemia in refinery workers may
be due to the diverse exposure to carcinogenic agents than benzene alone.
Recognition of asbestos dust as a cancer causative agent has been reported since
1950s. Different forms of asbestos such as chrysotile and the amphibole, crocido-
lite, are shown to cause lung cancer and mesothelioma, a rare tumour derived from
the lining of the peritoneum, pericardium or pleura. A crucial factor responsible for
determining the carcinogenicity of asbestos is the fibre size. Pasetto et al. [40]
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reported that the number of estimated deaths in 5 years for mesothelioma and for
lung, larynx, and ovary cancers attributable to occupational asbestos exposures
were, respectively, 735, 233, 29, and 14 for Argentina; 340, 611, 68, and 43 for
Brazil; 255, 97, 14, and 9 for Colombia, and 1075, 219, 18, and 22 for Mexico. The
risk of incidence of lung cancer is high for those working in chromate producing
industries. Studies have shown that the risk is associated with hexavalent chromium
compounds. Luippold et al. [41] studied the lung cancer mortality among chromate
production workers. The risk is significantly increased at an exposure levels over
1.05 mg/m3-years. Other metals responsible for increased cancer risks are nickel
sulphides, oxides and soluble nickel salts. A variety of occupations involving coal
tar, coal gas production and iron founding have been reported to cause skin-related
cancers and could also affect the urinary and respiratory systems.

2.4 Environmental Pollution

Environmental pollutants are mainly to a specific subset of cancer-causing environ-
mental factors, namely, air contaminants, water and soil. One characteristic of envi-
ronmental pollutants is that individuals lack control over their level of exposure.
Some of the main carcinogenic pollutants include asbestos (non-occupational expo-
sure), indoor and urban air pollutants, and chlorination by-products and other drink-
ing water contaminants [42, 43]. Estimation of total burden of cancer due to
environmental pollutants in developed countries represents 8—9% [44].
Non-occupational exposure to asbestos may occur domestically and as a conse-
quence of localized pollution. Another mode of domestic exposure could be through
the installation, degradation, removal and repair of asbestos-containing products in
the context of household maintenance. On the other hand, people may be subjected
to outdoor pollution as a result of local asbestos mining or manufacture. In both
occupational and non-occupational exposure to asbestos resulted in an increased
risk of mesothelioma and lung cancer, particularly among smokers in the latter. An
example of asbestos exposure carcinogenic risk to inhabitants of villages in Turkey
showed a very high incidence of mesothelioma where houses are built from erionite
(a zeolite mineral) [45]. Many studies have suggested about the positive dose-
response relationship between mesothelioma and exposure to asbestos [46]. Camus
[47] reported an excess number of deaths due to pleural cancer and asbestosis and
suggested an excess risk of mesothelioma. Another cause of lung cancer could be
through ambient air pollution. Air may be polluted through a mixture of complex
gases and components with varied concentrations. Some of the atmospheric pollut-
ants leading to cancer include benzo[a]pyrene, benzene, some metals, and possibly
ozone. Engine combustion products are another main concern for an increased risk
of cancer and other health problems. They include volatile organic compounds
(benzene, toluene, xylenes and acetylene), oxides of nitrogen and fine particulates
(i.e. carbon, adsorbed organic material and traces of metallic compounds) [48].
Outdoor air pollution is a major concern especially in developing countries than the
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developed ones due to the usage of poorly regulated use of coal, wood and biomass
(e.g. animal dung, crop residues) for electricity production and heating [49].

Many studies reports have also confirmed about the polluted air in the residence
in urban areas as compared to the rural areas and the risk driven to lung cancer.
Lung cancer is responsible for approximately 31% of all cancer deaths among men
and 15% among women. In general, the reports are focusing towards the increased
risk of lung cancer in urban areas and its correlation towards specific pollutants such
as benzo[a]pyrene, metals and particulate matter, or with mutagenicity of particu-
late extracts in bacterial assay systems. Widziewics et al. [5S0] mentioned a strong
correlation between the prevalence of lung cancer risk and the ambient concentra-
tion of benzo(A)pyrene in polish agglomerations, cities and other areas. Another
hazard in terms of localized air pollution is the residences near petroleum refineries,
metal manufacturing plants, iron foundries, incinerator plants and smelters. Lin
et al. [51] studied lung cancer mortality of residents living near petrochemical
industrial complexes. They observed that lung cancer mortality of residents living
near petrochemical industrial complexes was 1.03-fold higher than people living
far. Another possible targeted air pollutant is chlorofluorocarbons (CFCs) which is
indirectly responsible for increased risk of skin cancers. These chemicals include
halons, carbon tetrachloride, and methyl chloroform, which are emitted from home
air conditioners, foam cushions, and many other products. Chlorofluorocarbons are
also carried by winds into the stratosphere, where the action of strong solar radia-
tion releases chlorine and bromine atoms that reacts and thereby eliminate the mol-
ecules of ozone which is believed to be responsible for global increases in UVB
radiation. The skin cancer mortality rates associated with ozone depletion are
expected to increase in the years 2040-2050 [52].

Some reports have revealed about the elevated occurrence of lung cancer in some
regions of China and other Asian countries among non-smoking women who spend
much of their time at home [53]. Indoor air pollution could be mainly through the
combustion sources used for heating and cooking, and may also occur as a conse-
quence of cooking oil vapours. Studies have shown that the carcinogenic hazard is
strong for cooking oil vapours from Chinese-style cooking. Kim et al. [54] reported
a strong association between cooking conditions, fuel use, oil use and the preva-
lence of lung cancer in Shanghai region with poor kitchen ventilation. They demon-
strated that indoor air pollution from poor ventilation of coal combustion increased
the risk of lung cancer. Tobacco smoke is another important source of indoor air
pollution. Studies have shown that chronic exposure of adult non-smokers to envi-
ronmental tobacco smoke increased mortality from lung cancer between 20 and
30%. Exposure of adults to environmental tobacco smoke is linked with increased
risk of lung cancer and heart disease whereas in children are affected with respira-
tory disease, middle ear disease, asthma attacks and sudden infant death syndrome.
Vineis et al. [55] investigated the association between environmental tobacco smoke
and respiratory cancer and concluded that frequent exposure to environmental
tobacco smoke during childhood was associated with lung cancer in adulthood.

Another greatest concern related to infectious disease is the quality of water,
which is the basic requirement of human health. Water quality could be influenced
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by several factors, which include seasons, geology of the soil, and industrial and
agricultural discharges [56]. The quality of water is also controlled by disinfection
methods that contain chlorine, hypochlorite, chloramine, and ozone. As a conse-
quence, it could result in the contamination of drinking water by several potential
carcinogenic agents including the by-products of chlorination and arsenic [43]. The
International Agency for Research on Cancer (IARC) has classified inorganic arse-
nic compounds as carcinogenic to humans and evaluated the carcinogenicity of
arsenic in drinking water. Many studies have also suggested about the relationship
between chlorinated drinking water and bladder cancer. Bladder cancer is the sev-
enth most frequent type of cancer among men, which is occurring especially in the
industrialized regions. Approximately, 261,000 cases are diagnosed annually and
about 115,000 deaths are reported globally [57]. Villanueva et al. [58] reported that
long-term consumption of chlorinated drinking water is associated with bladder
cancer, particularly among men. Smith et al. [59] also reported on the contamination
of drinking water with arsenic in Bangladesh. They mentioned that long-term expo-
sure to arsenic (500 pg/L) in groundwater may die from lung, bladder and skin
cancers. Several other pollutants of drinking water could also lead to cancer, which
includes organic compounds derived from industrial, commercial and agricultural
activities and in particular from waste sites, as well as nitrites, nitrates, radionu-
clides and asbestos. Increased risks of stomach cancer and leukaemia have been
frequently reported in areas with high nitrate levels and in areas with elevated levels
of radium in drinking water [60]. Sandor et al. [61] studied the association between
gastric cancer mortality and nitrate content of drinking water and concluded that
high level of nitrate in drinking water is involved in the development of gastric can-
cer. Another study has also reported a positive association for bladder and ovarian
cancer in older women (55-69 years) and the nitrate level in municipal drinking
water [62].

3 Diet Risk Factor

3.1 Food Contaminants

Food safety is a critical factor in maintaining the health of the population. A safer
food contributes to less illness, and therefore improved livelihood. Diet is thought
to play a substantial role in cancer aetiology. Epidemiological and laboratory stud-
ies have shown about the undesirable effects of food contaminants and a link
between diet and cancer. The primary route of exposure to contaminants could be
from multiple sources such as metals, persistent organic pollutants and pesticides
[63].

There are primarily four types of potentially carcinogenic compounds that have
been examined. The first are natural products that are unavoidable. For example,
salted fish contains carcinogens, which cannot be easily avoided. Secondly, natural
products that might be contaminated such as contamination of grains with carcino-
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genic fungal metabolite aflatoxin, which could be eliminated using best practices
for grain storage. Thirdly, anthropogenic chemicals may be present in food. For
example, 2,3,7,8-tetracholordibenzo-p-dioxin produced during the manufacture of
chlorinated hydrocarbons could contaminate the environment, and accumulates in
certain foodstuffs. A fourth category is anthropogenic chemicals intentionally added
to foods such as saccharin or food colouring.

Fish are rich sources of secondary and tertiary amines, nitrate and nitrite. [ARC
[64] examined N-nitrosamines levels in uncooked salted fish. Poirier et al. [65]
reported the range of N-nitrosodimethylamine in uncooked salted fish from not
detected to 388 pg/kg. Other volatile nitrosamines reported were
N-nitrosodiethylamine, N-nitrosopyrrolidine and N-nitrosopiperidine, which
ranged from not detected to 30 pg/kg. Ho [66] reported that boat people who con-
sumed Chinese-style salted fish in their daily diet is shown to have twice the inci-
dence of nasopharyngeal carcinoma (NPC). NPC is a rare cancer seen among whites
in Europe and North America and is one of the most common cancers among
Chinese residing in the south-eastern provinces of China. Mimi et al. [67] estimated
that over 90% of young NPC cases in Hong Kong Chinese could be attributed to the
consumption of Cantonese-style salted fish during childhood. Other studies have
shown about the increased risk of gastric cancer and salted foods. Gastric cancer is
an important health issue and the second most frequent cause of cancer death.
Several risk factors for stomach cancer have been explored, which includes
Helicobacter pylori infection, salt-preserved foods, dietary nitrite, smoking, alco-
hol, obesity, radiation, and family history [68]. Strumylaite et al. [69] also reported
a strong association between increased risk of gastric cancer and frequent intake of
salted or smoked meat and fish. Lin et al. [70] investigated a hospital-based case-
control study in China to observe the association between salt processed food and
gastric cancer. They concluded that the consumption of salted meat, pickled and
preserved vegetables were positively associated with gastric cancer which may be
due to N-nitroso compounds. Meat is also an integral part of diet for many people,
particularly in the developed world. The average daily intake of total meat by men
and women in UK and Ireland are 108 g and 72 g and 168 g and 107 g, respectively
[71]. A number of epidemiological studies have associated with red meat and pro-
cessed meat with cardiovascular disease and colon cancer. The carcinogenicity of
the consumption of red meat and processed meat has been evaluated by the
International Agency for Research on Cancer (IARC) and the cancer agency of the
World Health Organization. The role of westernized dietary pattern in increased
incidence of colorectal cancer is a major concern in the developed countries. The
possible association between colorectal cancers and consumption of red meat (i.e.
beef, pork, lamb, veal and mutton) was first reported in 1975 by determining the per
capita meat intake in women from 23 countries [72]. The possible constituents
responsible for the development of cancer that have been reported includes fat con-
tent, fatty acid composition and the possible formation of carcinogenic compounds,
such as heterocyclic amines (HCAs), when cooked at high temperatures [71].
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3.2 Aflatoxins

Aflatoxins are the most potent toxic metabolites of Aspergillus fungi that can con-
taminate various foods and feed products. These are acutely toxic, immunosuppres-
sive, mutagenic and carcinogenic compounds targeting mainly the liver [73, 74].
The clinical manifestations of aflatoxicosis include vomiting, abdominal pain, pul-
monary oedema, fatty infiltration, and necrosis of the liver [64]. Hepatocellular car-
cinoma (HCC) accounts for approximately 9.2% of all new cancers worldwide, with
the number increasing year by year. It is the fifth most common cancer in males, and
the seventh in females. Studies have observed that approximately 84% of all new
cases of HCC occur in resource-constrained regions, especially in sub-Saharan
Africa and the Asia-Pacific region than in resource-rich regions. The major causes
of HCC in the high-risk region are due to the chronic hepatitis B virus (HBV) infec-
tion and dietary exposure to the toxin. Murugavel et al. [75] studied the prevalence
of aflatoxin B, as co-carcinogen using an in-house immunoperoxidase test in 31
liver biopsies and 7 liver-resection specimens from histopathologically proven HCC
and in 15 liver biopsies from cirrhosis patients (control group). Lye et al. [76]
reported that the consumption of aflatoxin-contaminated noodles resulted in acute
hepatic encephalopathy in children in Malaysia. Up to 3 mg of aflatoxin was sus-
pected to be present in a single serving of contaminated noodles. Another outbreak
of acute aflatoxicosis was reported in Kenya in 1981, which was associated with
consumption of maize highly contaminated with aflatoxin [77]. Another outbreak of
aflatoxicosis was also reported in the eastern Kenya in early 2004. The Kenyan
outbreak was followed by a poor harvest of maize due to drought which has been
made susceptible to mould growth. Around, 317 people have approached hospital
treatment for the symptoms of liver failure and 125 people have died due to viral
liver diseases due to acute aflatoxin poisoning. The health officials have examined
the maize samples and ruled out aflatoxin B, concentrations as high as 4400 ppb,
which was 220 times the normal Kenyan food limit. Exposure to chronic low level
aflatoxins, especially aflatoxin B, is associated with an increased risk of developing
liver cancer, impaired immune function, and malnutrition whereas acute high level
exposure causes early symptoms of diminished appetite, malaise, and low fever.
Later symptoms include vomiting, abdominal pain, hepatitis and potentially fatal
liver failure [78]. The mycotoxins are produced at optimum temperatures of between
25 and 32 °C, moisture contents of greater than 12% but less than 16%, and a rela-
tive humidity of 85% [73].

3.3 Chemicals and Pesticides

More than 2500 chemical substances are intentionally added to foods to modify
flavour, colour, stability, texture, or cost, whereas others may unintentionally enter
the food supply through food-packaging materials, processing aids, pesticide



Risk Factors for Cancer: Genetic and Environment 11

residues, and drugs given to animals. Pesticide residues and industrial pollutants in
food are a serious health concern which could lead to cancer risks. Persistent organic
pollutants (POPs) are heterogeneous group of chemicals which includes organo-
chlorine pesticides, industrial pollutants such as polychlorinated biphenyls (PCBs),
and unintentional by-products of chemical manufacturing and combustion pro-
cesses, such as dioxins and furans. Their long-term persistence and diffusion in the
environment open ups the main route of exposure through the diet [79]. Studies
have shown that exposure to several naturally occurring and anthropogenic chemi-
cals could influence the initiation and/or progression of tumours in animals and
humans. POPs have shown to cause breast cancer, pancreatic cancer, soft tissue
sarcoma, non-Hodgkin’s lymphoma, and adult onset leukaemia. Breast cancer is the
most common cancer seen in women and the highest incidence rates are observed in
North America, and lowest risk in Asia and Africa. It is also the most common can-
cer in females in Europe with the highest incidence rates in Netherlands and
Denmark and lowest in the eastern part of Europe. Lee et al. [80] observed the con-
tamination of breast milk by PCBs and organochlorine pesticides in Korea.
Bonefeld-Jorgensen et al. [81] also reported the association between POPs and per-
fluorinated compounds and breast cancer. Another study was also reported by Zhang
et al. [82] about the environmental PCB exposure and breast cancer risk.

3.4 Food Additives

Food additives are the substances that are intentionally added to foods. The use of
food additives is controlled based on the international benchmarks, such as the
Codex Alimentarius, the European Union and, complementarily, the US Food and
Drug Administration. The major concern on the part of public has been focused on
artificially added chemicals which are intentionally added to foods to enhance the
flavours, nutrient value, shelf life and increased availability. These include food
colours, non-nutritive and low-nutrient sweeteners (saccharin, cyclamate, aspar-
tame), antioxidants, and nitrides. Contaminants, sometimes incorrectly included in
lists of food additives, present the greatest potential threat to public health. Such
contaminants include mycotoxins, nitrosamines, polychlorinated biphenyls (PCBs),
and pesticides, which provide a continuing challenge to our regulatory agencies and
to public health authorities [83]. Sweeteners are food additives that are added to
give the sweet taste without adding calories at any stage of food processing. Among
the sweeteners, the use of the artificial sweetener saccharin was originally listed as
generally recognized as safe (GRAS), but FDA proposed a ban on saccharin because
of an association with bladder cancer in laboratory animals in 1958. Later, in 1996,
the ban was withdrawn and in 2000, it was widely used in combination with other
sweeteners. The role of sweeteners on cancer risk has been widely debated over the
last few decades. But there are major concerns with regard to the safety of saccha-
rin, since it is consumed by millions of people, including children and even foe-
tuses. As per the studies, the genotoxicity and carcinogenity of saccharin is still
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confusing and should be careful to the consumption [84]. Reuber [85] reported that
saccharin is carcinogenic for the urinary bladder in rats and mice. Schernhammer
et al. [86] confirmed the detrimental effect of artificial sweetener and sugar contain-
ing soda on lymphoma and leukaemia in men and women. There are many studies
which indicate a lack of association between artificial sweeteners and cancer risks
[87, 88].

4 Genetic Predisposition

Genetic counselling is vital in helping people at high risk for hereditary diseases.
Cancer is the most common cause of death after heart disease. Mostly, cancer is
caused by both internal factors and environmental factors. The incidence of prostate
cancer is 25 times lower and the incidence of breast cancer is ten times lower in
Asians as compared to Western countries [89]. Cancer is a genetic disease due to the
alterations in the DNA sequences of cells. These alterations may be by mutations,
duplications, deletions, or genomic rearrangements or may be inherited in the germ
cell line; or may be due to environmental factors. These risk factors could increase
the chance of developing certain cancers, but it does not imply that you could get the
disease by having a risk factor or even several.

The development of cancer is influenced by genetic mutations. Cell division is a
controlled process and cancer develops when mutations lead to uncontrolled cell
division. When the cellular processes such as cell fate, cell survival and genomic
maintenance are interrupted, the cancerous cells proliferate beyond the capability of
a healthy cell. Gene mutation could be inherited from a parent or obtained during a
person’s lifetime. Mutations that are passed from a parent to child are called heredi-
tary mutations or germ line mutations. If a genetic alteration is inherited in the germ
line of a family, a large number of breast cancer cases in women are likely to appear
among those family members. The aetiology behind development of breast cancer
is multifactorial which includes diet, life style, environmental factors, reproductive
factors and hormonal status. However, a greater risk factor is due to genetic predis-
position and a positive family history [90]. The overall development of breast can-
cer risk is 1.9-3.9 times higher in women with an affected mother or sister [91].
Estimation of new cases of breast cancer in 2014 was reported as approximately
235,030 from which 10% are likely to be hereditary. An autosomal dominant pattern
of transmission is followed by hereditary cancers and is ascribed to defects in
BRCAI and BRCA2 genes. There are additional genetic syndromes other than
BRCAI and BRCA?2 breast hereditary cancers, such as Li Fraumeni which is associ-
ated with abnormalities in the p53 gene. It is characterized by a wide range of
malignancies that is mainly occurring at a remarkably young age. Approximately
1% will be found to carry a p53 mutation among women diagnosed with a breast
cancer before an age of 40 years. Patients could have a 21-49% risk in developing
cancer by the age of 30 years once they have been diagnosed with Li Fraumeni
syndrome and have 68-93% risk in their lifetime. Another syndrome is Cowden
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syndrome which is caused by a mutation in phosphatase and tensin homologue
deleted from chromosome 10. Women with this syndrome would have a 25-50%
chance of risk in developing breast cancer at young age.

A few other hereditary syndromes to consider are Peutz-Jeghers, which is char-
acterized by multiple hamartomatous polyps in the gastrointestinal tract which
could lead to cervical and ovarian malignancies. There is a 15-fold increased risk of
developing breast cancer in women with Peutz-Jeghers due to STK// mutation [92,
93]. Hereditary breast and ovarian cancer (HBOC) is characterized by a young age
of onset, multiple primaries, bilateral breast cancer and family history of first- or
second-degree kin. The incidence of ovarian and breast carcinoma in United States
is estimated to be 21,980 and 232,670, respectively. Of these cases, about 20-25%
of ovarian cases and 5-7% of breast carcinoma are thought to be as a result of
hereditary predisposition. The scientific studies are supporting about the major role
of BRCAI/2 mutations as the known genetic causes of HBOC. Other than that,
MLHI, MSH2, MSH6, and PMS2 have also been contributing in developing heredi-
tary ovarian carcinoma [94]. Women with CDHI mutation (hereditary diffuse gas-
tric cancer) have a high risk of developing lobular breast cancers. Economopoulou
et al. [95] studied about breast cancer susceptibility genes that include rare germ
line mutations in high penetrant genes such as 7P53 and PTEN, and more frequent
mutations in moderate penetrant genes such as CHEK2, ATM and PALB2 which
were responsible for hereditary breast cancer syndromes. There is also an increased
risk of developing breast and pancreatic cancers in women with PALB2 mutation. A
study of breast cancer patients with invasive operable breast cancer concluded that
patients with a family history were significantly associated with tumour size, age
and oestrogen receptor [91]. Several cohort studies have shown the association
between long-term post-menopausal hormone use and increased epithelial ovarian
cancer [96]. Some studies have suggested a decreased association between a posi-
tive family history and breast cancer risk with increasing age, whereas some reports
have shown no variation in risk across age groups. A study on a Swedish-based
registry study found a non-significant prognosis in women with a family history of
breast cancer [97]. Chang et al. [98] also reported a non-significant difference
between a positive family history of breast cancer and mortality risk. Another study
of breast cancer patients with invasive breast cancer reported a non-significant dif-
ference between a positive family history of breast cancer and breast cancer specific
mortality risk [90].

There are many evidences that support endometriosis as a risk factor for ovarian
cancer. The endometrium is the lining of the uterus and endometriosis is a complex
disorder caused by multiple genetic factors and environmental factors. A majority
of the cancers that occur in the uterus are endometrial cancers. It is the sixth most
common cancer in women worldwide and affects approximately 10% of all women
of reproductive age [99]. There is a threefold increased risk of ovarian cancer in
women with a first-degree relative with ovarian cancer compared to those with no
family history. Simpson et al. [100] studied 123 patients with histologically proved
endometriosis which opens the view that the disease may have a genetic back-
ground. Endometriosis is considered in risk prediction model for ovarian cancer.
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Burghaus et al. [101] studied the genetic risk factors for ovarian cancer and its role
for endometriosis risk. They observed that HNF 1B gene was associated in the aeti-
ology of both endometriosis and ovarian cancer. A case control study of 110 women
with ovarian epithelial carcinoma was conducted in Hokkaido, Japan, to identify
risk factors for ovarian cancer. They observed a positive and an increased ovarian
cancer risk in women with a family history of breast, uterine, or ovarian cancer in a
mother or sister [102]. Oesophageal cancer is one of the most aggressive cancers
and is the sixth leading cause of cancer death worldwide. Song et al. [103] studied
the genomic alterations in the oesophageal squamous cancer cell and identified
eight significantly mutated genes. They observed six known tumour associated
genes which were TP53, RB1, CDKN2A, PIK3CA, NOTCHI, NFE2L2 and novel
cancer-implicated genes (ADAM29 and FAM135B). They have also noticed altera-
tions in several important histone regulator genes such as MLL2, ASHIL, MLL3,
SETDIB, CREBBP, and EP300.

5 Interrelationship of Genetic Risk and Environmental Risk
Factors

The influence of environmental factors, such as lifestyle factors, occupational expo-
sures, and dietary habits, on development of cancer have been discussed. There are
multiple external factors combined with internal genetic changes which could lead
to human cancers. Individuals with genetic predispositions would be more suscep-
tible to the effects of environmental factors. Studies were supporting the penetrance
of BRCA1/2 associated breast cancer with hormone-related exposures [104]. John
et al. [105] reported that breast cancer risks were higher for women with medical
radiation exposure at a young age. Both ionizing and non-ionizing radiations could
cause leukaemia, lymphoma, thyroid cancers, skin cancers, sarcomas, lung and
breast carcinomas [89].

Huang et al. [106] showed that several hormones-related risk factors were asso-
ciated with an increased risk of breast cancer positive for oestrogen and progester-
one. Ali et al. [107] reported that a high correlation was observed between the
incidence of oral cancer and life style factors (alcohol and tobacco use). These
behaviours could lead to genetic variations in tumour suppressor genes (APC, p53),
proto-oncogenes (Myc), oncogene (Ras) and genes controlling normal cellular pro-
cesses (EIF3E, GSTM1) and produces defects in normal cellular processes such as
segregation of chromosomes, genomic copy number, regulations of cell-cycle
checkpoints, DNA damage repairs and defects in notch signalling pathways.

Studies have discovered that endogenous factors including genetic factors may
interact with specific foods or food components that could lead to increased cancer
risk. The interactions could be either by genes that could affect the action of com-
pounds of dietary origin by increasing or decreasing the amount needed for good
nutritional status and these compounds could affect the action of genes [108]. The
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role of diet is complex to relate with cancer risk. There are many epidemiological
studies supporting the role of foods and food components in scavenging free radi-
cals and reducing the cancer risk [109, 110]. But there are also studies supporting
the role of nutrients and how it interacts with genes and the probability in develop-
ing cancer. Epidemiological studies have shown a negative correlation between the
intakes of carotenoids and the risk of developing cancer. Beta-carotene was found
to increase the risk of lung cancer among smokers [111]. Smoking-related malig-
nancies have a high burden of mutations, including in the gene encoding for p53.
Cancers derived from tissues directly exposed to tobacco smoke is attributed to
misreplication of DNA damage caused by tobacco carcinogens together with indi-
rect activation of DNA editing by APOBEC cytidine deaminases and of an endog-
enous clock-like mutational process [112, 113].

6 Awareness of Risk Factors

Cancer is a disease believed to be preventable by improving the lifestyle and through
awareness programmes. Around 90-95% of all cancers can be attributed to the envi-
ronment and lifestyle factors and the remaining 5—-10% due to genetic defects [114].
It is also important to be aware of the risk factors. Ignorance may lead to a low qual-
ity of treatment. Public awareness about cancer, its risk factors, symptoms, and
promote early health-seeking approach would able to control the disease [115].
Martsevich et al. [116] studied the awareness of cardiovascular disease, its risk fac-
tors, and its association with attendance at clinics in acute coronary syndrome
patients. They observed that the majority of patients were aware of diabetes. The
awareness of arterial hypertension slightly increased with increasing attendance,
whereas awareness of dyslipidemia increased dramatically. This was explained by
the fact that most patients have an opportunity to check their blood pressure at
home, except for those who do not have symptoms of arterial hypertension and do
not visit their doctors’ clinics, which can draw their attention to this problem.
Therefore, attending the clinic could have significant role in increasing the aware-
ness of the risk factors.

Several studies analysed factors associated with patients’ unawareness of CVD
risk factors. He et al. [117] showed that patients with body mass index >24 kg/m?,
family history of dyslipidemia, elderly patients, and retirees were more aware of
dyslipidemia. Alcohol drinking, cigarette smoking, and physical activity were asso-
ciated with a lower level of awareness of dyslipidemia. Wang et al. [118] demon-
strated that patients with family history of diabetes mellitus and those who frequently
exercise were more likely to be aware of diabetes mellitus. At the same time, alco-
hol drinkers and cigarette smokers were less likely to be aware of their blood glu-
cose levels. Mendez-Chacon et al. [119] demonstrated that men and smokers were
less aware of arterial hypertension. History of ischemic heart disease, stroke, diabe-
tes mellitus, and obesity were associated with patients’ awareness of arterial
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hypertension. Patients who had been home visited by community health workers
were less likely to be unaware of their hypertension [116].

Many countries have programmes for citizens with chronic diseases and their
risk factors to receive a free consultation and examinations. Al-Azri et al. [120]
conducted a survey in three areas of Oman to measure public awareness of cancer
risk factors using the Cancer Awareness Measure. They observed a significant asso-
ciation between participant responses and their educational level. The higher educa-
tional level made the respondents in this study and identified possible risk factors
such as smoking, passive smoking, alcohol drinking, less consumption of fruits and
vegetables, and infection with human papilloma virus. They observed that most of
the participated respondents were not aware of the cancer risk factors. Therefore,
it’s very important to educate the public to know about possible cancer risk factors
to make their life healthy and safe. Lagerlund et al. [121] carried out a study to
compare the awareness of cancer risk factors among Danish and Swedish popula-
tion. Most of the respondents were aware of smoking and radiation as cancer risk
factors. However, a limited awareness about human papilloma virus infection, low
consumption of fruits and vegetables, alcohol drinking have been observed in both
countries and with increasing age, a decline in awareness have been observed.

Mwaka et al. [115] conducted a survey in northern Uganda about cervical cancer
risk factors. They observed that the selected respondents in this study were aware
about cervical cancer, risk factors and its symptoms. Preventive measures like
human papilloma virus vaccination, cervical screening, routine check-ups for early
diagnosis and treatment of cervical cancer symptoms would be suggested to make
the awareness into action. Rhazi et al. [122] carried out a population-based cross-
sectional study about public awareness of cancer risk factors in Moroccan popula-
tion. They observed a strong association between participant responses and their
educational level. The higher the level of education, the more likely people are
aware of cancer risk factors. The result can be used to build-up relevant cancer pre-
vention strategies to enhance people’s knowledge about the risk factors. Another
awareness study about cancer risk factors was conducted in Karachi, Pakistan [123].
They observed that the population was not aware of the intrinsic risk factors like age
and obesity. Therefore, it is very important and relevant to take actions through
educational programmes, availability of screening tests, vaccinations, and to avail
benefits of early diagnosis.

7 Conclusion

Age specific mortality rates for chronic diseases are controlled by knowledge about
risk factors and availability of screening systems and treatment. Cancer is a leading
global cause of death. Several factors including exposure to environmental factors
and genetic factors contribute to the development of cancers. Several environmental
factors include lifestyle behaviours like cigarette smoking, excessive alcohol con-
sumption, poor diet, lack of exercise, excessive sunlight exposure, and others
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include exposure to medical drugs, hormones, radiation, viruses, bacteria, and envi-
ronmental chemicals. Genetic alterations in the body cells, abnormal hormone level
in the blood stream, or a weakened immune system also could make an individual
more susceptible to cancer. However, the majority of the cancers could be con-
trolled by maintaining a quality life. Therefore, government authorities and hospi-
tals should promote certain public awareness programmes, free screening tests for
maintain a healthy and long life.
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Anticancer Potential of Dietary
Polyphenols

Amy L. Stockert and Matthew Hill

1 Introduction

Numerous compounds found in dietary sources have been correlated to decreased
cancer incidence, a statement endorsed by the National Cancer Institute and the
American Institute for Cancer Research. These include but are in no way limited to:
red wine, ginger, cauliflower, brussel sprouts, turmeric, onion, cabbage, soy bean,
green tea, tomato, and potato [1-8]. Of these some of the most well-studied and
promising dietary compounds are the polyphenols. Natural polyphenols are as
diverse in number as the plant sources which create them. These plant-derived phe-
nolic compounds have been used for centuries both spiritually and medicinally in
their whole or extracted form [9]. Medicinal herb use has been limited in modern
western medicine in the last century despite anecdotal and historical evidence of
efficacy [10-13]. The reluctance to use herbal medicine in modern western medi-
cine stems from concerns over purity to lack of evidence in mechanisms of action.
Lack of correlation between in vitro and in vivo studies also cause skepticism [10,
14]. However as modern trends sometimes favor “natural” medicine and the cost of
healthcare and pharmaceutics increases, the popularity of herbal medicine has blos-
somed. Our decade-long knowledge of the human genome compounded by an
increased appreciation for epigenetics has sparked interest in the research world.
Numerous studies have shown the benefits of healthy lifestyle and nutritious foods
in cancer prevention and stimulated a whole new level of research targets. Studies
have linked the impact on human health to the individual’s ability to absorb and
metabolize polyphenols; thus an understanding of the structure, classification, and
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bioavailability of polyphenols is essential to understanding the potential of polyphe-
nols to exhibit anticancer activity [15].

2 Properties of Polyphenols

2.1 Structural Classifications of Polyphenols

The chemical structure of the bioactive plant-based polyphenols varies in both size
and linkages, but as the name suggests, all contain multiple hydroxyl (—OH) groups.
In most cases these hydroxyl groups are linked to a(n) aromatic phenyl(s) or ben-
zene based rings [16]. Polyphenols are generally classified as flavonoids and non-
flavonoids [17]. Flavonoid polyphenols are further segregated into six subclasses
based on the methyl group substitution and hydroxyl group position. These six
classes include catechins, anthocyanidins, flavanones, flavones, flavonoid, and iso-
flavones. The second group of polyphenols, the non-flavonoids has fewer subclasses
with each group differing primarily in carbon skeleton structure. The three sub-
classes include hydroxycinnamates (C6-C3), stilbenes (C6-C2-C6), and the
hydroxybenzoates (C6-C3) [17]. It is important to note that although several dietary
sources have many of these flavonoids, they are not all available in their bioactive
form nor can we be certain that our metabolism can convert them into the most
absorbable and bioactive form [18-20].

The bioactivity of polyphenols compounds relies heavily on the position of
hydroxyl groups and relative ease of substituent modification. In general antioxi-
dant capacity of the compound increases with the number of hydroxyl groups avail-
able. As expected polyphenols with a large number of methylations will exhibit less
antioxidant potential [21, 22]. Although there have been in vivo studies in mammals
for several polyphenols, a large amount of the available research was completed
in vitro, leading to potential concerns over translational use of the data. Irrespective
of the study design, polyphenols have been clearly linked to anticancer activities
both as preventative measures and as therapeutic. Therapeutic uses have been
explored as conjunctive therapy with currently used chemotherapies as well as stud-
ied for their effectiveness as an independent therapy [23, 24].

2.2 Variability of Bioactivity and Bioavailability

The bioactivity of these polyphenols is extremely variable. Research has demon-
strated beneficial antioxidant behavior under some conditions and prooxidant con-
ditions under other conditions, possibly even toxic or carcinogenic activity [22, 25,
26]. Activity can be affected by harvest time, soil cultivation, plant location, sur-
rounding plant environment, weather fluctuations, storage, and preparation [27-31].
Environment, other drug exposures, general health, and genetic variants of some
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metabolic genes can alter the activity from one individual to another. Bioactivity is
highly sensitive to methylation, a modification that depends highly on the epig-
enome of the individual.

The dietary polyphenols are naturally derived by plants. Nearly all the polyphe-
nolic compounds in plants exist in a glycosylates form rather than the agylcone
form [32]. Flavonoids always exist as an alpha or beta glycoside in plants, the O-
and C- glycosides of true flavanols being the highest proportion in foods [33, 34].
Plant flavonoid glycoside biosynthesis results in increased solubility and stability
making the enzymatic synthesis of these polyphenol glycosides of interest in the
development of supplements for human consumption. Glycosylation can be accom-
plished by chemical synthesis but much attention has been shifted towards the use
of microbial enzymes to accomplish glycosylation efficiently, affordably, and envi-
ronmentally friendly [32]. Research has explored the use of different microbes to
selectively and specifically make these modifications with great success. Synthesis
enzymes from different microbes exhibit different specificities for the variety of
polyphenol tested.

2.3 Relationship of the Gut Microbiome to Polyphenol Activity

Finally another layer of variance is added when one considers the differences from
individuals’ microbiome and the epigenetic modifications to the microbial genome
[35]. An individual’s lifestyle, genotypes, standard diet, and physiological homeo-
stasis can greatly affect the microbiome composition [36]. The importance of the
gut microbiome cannot be overstated as the success of any potential benefit to
dietary polyphenols is reliant on the enzymes hosted by the microorganisms that
allow bioconversion of the dietary compounds by modifications including dihy-
droxylation, demethylation, and metabolite formation [37]. It is well known that
bioactivation of many dietary polyphenols is most prevalent in the colon, and as
indicated previously the success of this activation is highly dependent on the diver-
sity and population size of the human gut microbiota [35]. One such example is the
bioconversion of flavonoids. Individuals can be classified as high or low flavonoid
converters based primarily on the relative composition of gut microbiota [36, 38—
41]. Although much effort has been made to study the effects of the human gut
biome on cancer prevalence and metabolite changes, the sheer diversity in composi-
tion makes this very challenging [42]. Human studies that have demonstrated suc-
cess at this challenge have focused primarily on absorption, distribution, metabolism,
and excretion (ADME) and metabolomics. These studies were able to clearly ana-
lyze data collected and categorize variation of absorption between individuals [43,
44]. A well-designed study examined the effects of standardizing the diet for a
prolonged period of time in an attempt to normalize the human metabolome. This
study was one of few that have been able to successfully moderate control of the
major variable in human diet-microbiota relationship during human trials. A key
component of this study was admittance to a clinical research center for a 2-week
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period. Daily serum and urine samples were drawn and analyzed. A 2-week follow-
up draw was also included. Data analysis showed that standardization did occur
based on the similar profiles observed between subjects even within 24 h period.
The importance of this study was the successful demonstration of variable control
that is possible and necessary for studies on bioavailability and bioactivity of dietary
components [45].

2.4 Polyphenol Effects on Endogenous Metabolites

Another important consideration of both bioactivity and metabolism of the polyphe-
nols is the effect of polyphenols on metabolite modifications. Numerous studies
have examined the effects of catechins on modifications of endogenous metabolites
[46-50]. Although metabolite involvement in cancer has been explored for some
time, the more recent explosion of the omics fields have enabled metabolomics to
identify correlation between metabolite concentrations and cancer prevalence [35,
51, 52]. One such study identified increase in multiple metabolites including valine,
tyrosine, 2-methylguanosine, 2-aminobutyric acid, and ornithine following con-
sumption of the equivalent of 5 cups of tea catechins. Production of urea was
decreased in these subjects [53]. Another human study examined changes in metab-
olite concentrations upon supplementation of 6 g per day of green tea, black tea, or
caffeine for 2 days. Succinate, oxaloacetate, and 2-oxoglutarate all increased poten-
tially due to a stimulation in oxidative metabolism [54]. The basis of studying the
metabolome stems from two directions. First, addressing the question of whether
changes in metabolite levels can be used as markers of cancer, and second, whether
metabolite changes can be inductive of cancer. Considering the use of metabolite
levels as a marker of cancer is useful simply because the metabolic needs of cancer
cells are much different than standard cells. Cancer cells rely on higher levels of
glucose metabolism to meet the energy demand of cell division [55, 56]. Several
potential drugs have been designed with a therapeutic target of limiting glucose to
the cancer cell or limiting energy metabolism. These include metformin, oligomy-
cin, and resveratrol, to name a few [56-60].

3 Polyphenols and Its Effects on Cancer

3.1 Polyphenols and Cancer Prevention and Treatment

Upon consideration of the variable conditions in which plants produce and microor-
ganisms modify polyphenols, it is easy to surmise that the mechanisms of antican-
cer activity of polyphenols is at least as diverse as the polyphenols themselves.
Polyphenols are a very rich and varied aspect of the human diet. This coupled with
growing research indicating their potential effectiveness in cancer treatment has led
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to a substantial increase in research studies looking to their preventative effects in
cancer treatment [61]. Literature citing the effects of polyphenols in cancer preven-
tion is vast. As discussed many of the effects are highly individual. Despite the
diversity of individual response to the many polyphenols, evidence both for cancer
prevention and for lack of correlation stand out in epidemiological studies [62].
Some studies showed benefits to intake of certain polyphenols, most commonly the
flavanol and flavones, for some cancers but not others [63, 64]. One large random-
ized controlled trial referred to as the Polyp Prevention Trial failed to demonstrate a
correlation between flavonoid intake and colorectal cancer risk [65]. However,
much of the epidemiological comparisons recognize obvious limitations to the stud-
ies, including poor biomarker availability, lack of controlled exposure to the poly-
phenols, influence of other dietary components, lifestyle factors such as smoking,
and little information regarding subject gut health [65]. Few studies, both in vivo
and in vitro, have addressed the synergistic effects from multiple dietary phyto-
chemicals, potentially leading to data misinterpretation [64, 66]. The lack of defini-
tive answers regarding cancer prevention with polyphenols is to be expected with
the unprecedented number of variables involved in even a well-designed animal or
human study. Advancement can only be made with open consideration of all stud-
ies, both preclinical and clinical. The ability of a preclinical study to control certain
variables may highlight the projects weakness in physiological relevance, but it also
stands out as an advantage for improving design of the clinical studies by indicating
target biomarkers or potential for drug development. The potential for future
research is therefore driven by inconclusive results. Although not yet solidified, the
potential mechanisms of action of polyphenol prevention highlight both current
knowledge and future research.

Many studies have been completed looking at the in vitro effects of polyphenols
on cancer prevention. Of these studies numerous polyphenols emerge with potential
cancer prevention activity, however some polyphenols seem to have demonstrated
the most promise in part due to the number of studies completed testing effects of
these promising polyphenols. One such frequently studied polyphenol is
(—)-epigallocatechin-3-gallate or EGCG. Green tea has some of the largest quanti-
ties of EGCG, although it can also be found in smaller quantities in other teas,
pecans, hazelnuts, cranberries, and pistachios.

3.2 Potential Mechanisms of Polyphenol Anticancer Activities

Although many mechanisms of cancer prevention from polyphenols likely exist,
there are a few that stand out in multiple studies. Cancer prevention mechanisms
include inhibition of cell proliferation and metastasis, antioxidant protection from
cell damage, mediation of signaling pathways, immune response modulation, mito-
chondrial dysfunction, and inhibition of enzyme activities important in carcinogen-
esis [67-78]. Due to the large number of potential mechanisms and the overlapping
nature of effects of signaling pathways, it is highly likely that the cancer prevention
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potential of polyphenols is due to multiple molecular mechanisms rather than one
isolated action. The multi-targeted molecular action may explain, in part, why
results from multiple studies appear to contradict each other occasionally. It may
also shed light on the criticism of correlation between the in vitro and in vivo experi-
ments. Expression levels of some oncogenes seem dependent on the expression of
other oncogenes, making conclusions based on isolated molecular actions on gene
targets observable only under certain conditions [79]. Although much research
shows overlap into multiple areas, attempts to separate the current knowledge into
some categorical understanding is important. The majority of the work currently
available can be separated into either polyphenol based cancer prevention or treat-
ment, although the diversity of polyphenol action sometimes still allows both to be
evaluated simultaneously. For that reason, it is more convenient to present current
research in terms of action of the polyphenol. Current research will be divided into
the following categories based on polyphenol actions: antioxidant activity, prooxi-
dant activity, mediation of cellular signaling, epigenetic modifications, glycolytic
inhibition, and adjunctive therapy.

3.2.1 Antioxidant Activity

Polyphenol compounds are well suited to function effectively as an antioxidant due
to the large number of hydroxyl groups attached to the compounds. Generally
speaking, the more hydroxyl groups attached, the greater the antioxidant potential.
The preventative effect of antioxidants is highly dependent on the type of cancer and
is commonly considered most effective for cancers in the digestive tract, although
recent research has also shown benefits of polyphenol antioxidant activity in other
cancers as well. The antioxidant based cancer prevention mechanism primarily
involves scavenging of free radicals, thus protecting cellular components from reac-
tive oxygen species [80-84]. Scavenging of free radicals can be accomplished
directly by the polyphenols, thus reducing the free radicals available to generate
reactive oxygen species. Protection from reactive oxygen species results from either
reduced production, due to free radical scavenging, or from increased inactivation
of already existing reactive oxygen species. In either case, the net result is protec-
tion of oxidation sensitive cellular components including free lipids, membrane lip-
ids, proteins, and DNA.

The effects of polyphenols on lipid peroxidation have been a popular target of
study in the past two decades. Lipid peroxidation is of importance because not only
does it affect free lipids but also membrane lipids. More recently the oxidation sta-
tus of membrane lipids, particularly those in the mitochondria, have been linked to
the relative metabolic health of the cell [85-90]. Mitochondrial dysfunction is
related to numerous disease states including cancer, heart disease, type 2 diabetes,
and neurodegenerative diseases [91-95]. Decreases in lipid peroxidation due to
polyphenol supplementation were identified in adults with type 2 diabetes, but the
same effects were not observed in healthly individuals [96]. Studies in healthy
human subjects consuming 500 mg per day of tea catechins over a month long
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period demonstrated a nearly 20% reduction in oxidized low density lipoprotein
(LDL) found in the plasma [97]. Decreases in C-reactive protein and inflammation
markers have been identified in patients with a similar catechin intake level [98].
Polyphenols have been demonstrated in numerous studies to decrease lipid peroxi-
dation in patients taking medications with typical oxidizing potential, such as anti-
psychotics and doxirubicin, or with metabolic diseases including metabolic
syndrome and diabetes [99—-101].

As metabolic health and disease development result from mitochondrial dys-
function, it is clear that the health of the mitochondria can play a role in initiation of
apoptosis [102—104]. The initiation of apoptosis can be cancer preventative by stim-
ulating cell death when damage has occurred, but can also provide avenues for
potential cancer therapies. Protection from lipid peroxidation provides some anti-
cancer effects, but another obvious cell component sensitive to damage is the
DNA. Studies have evaluated the oxidative damage in both nuclear and mitochon-
drial DNA and both seem equally important in terms of cancer prevention.
Polyphenol protection from DNA damage was characterized by evaluating levels of
urinary 8-hydroxyldeoxy-2'-deoxyguanosine (8-OHdg) in smokers followed by 4
months supplementation with approximately 300 mg of catechins per day divided in
4 doses of green tea. This study demonstrated a 31% decrease in §-OHdg [105].
Similarly, green tea polyphenol has decreased the formation of pyrimidine dimers
formed as a result of ultraviolet light exposure [106] as well as reducing the levels
of UVB-induced inflammation [107].

Although many studies have explored the scavenging ability of polyphenol sup-
plements, antioxidant activity is also prevalent from regulation of expression of
genes encoding antioxidant enzymes. Table 1 summarizes the dietary polyphenols
that have shown antioxidant activity by modifying either expression or activity of
enzymes related to oxidative stress.

In a study completed in rats treated with EGCG, antioxidant and antioxidant
enzyme levels were increased in the liver, skeletal muscle, and brain; however,
this increase was only observed in older rats exposed to oxidant stress and not the
younger relatively stress free rats [108, 109]. The major antioxidant enzymes pro-
tect the body from oxidative damage and include glutathione peroxidase, catalase,
and superoxide dismutase. Gene expression studies of cells treated with reactive
oxygen species have identified the glutathione peroxidase/reductase antioxidant
enzyme system as one of the most inducible via oxidative stress in muscle [110].
The expression level of glutathione peroxidase (GPx) is so variable in cancer cells
that it has been successfully used as a predictor of prognosis and response to che-
motherapeutics [111]. Expression, translocation, and function of the glutathione
peroxidase enzyme vary based on isoform. At least seven isoforms have been
identified for the GPx enzymes differing in tissue location and presumably
enzyme function [112]. In addition to modulating expression in response to expo-
sure to reactive oxygen species, the gene exhibits translational control via inclu-
sion of secretory factors that appear to stabilize the messenger RNA in response
to available selenium, a required element for GPx function [113, 114].
Downregulation of matrix metalloproteinases via polyphenol action has been
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Table 1 Dietary polyphenols altering expression or activity of antioxidant enzyme systems

Polyphenol Enzyme(s) affected Level of evidence
EGCG, ECG, EGC | 12- and 15-lipoxygenase Conditions: in vitro [108, 109]
(recombinant) [108], lipoxygenase Specificity: nonhuman mammal
[109], cyclooxygenase [109] [108]; human [109]
Tissue/Cell: smooth muscle/
J774A.1 cells [108]; colon
mucosa and colon tumor [109]
Resveratrol SOD [110], MPO [110], GR [110] Conditions: ex vivo [110]
Specificity: nonhuman mammal
[110]
Tissue/Cell: skin [110]
Quercetin SOD [111, 112], CAT [112], GSH Conditions: in vivo [112]; in vitro
[112], Gpx [111], GR [112] [111]
Specificity: nonhuman mammal
[112]; human [111]
Tissue/Cell: liver [111, 112]
Curcumin GSTP2 [113], CAT [114], SOD Conditions: in vivo [113, 114]
[114], MPO [114] Specificity: human [113]; rat
[114]
Tissue/Cell: liver [113, 114]
Catechin CAT [115], GST [115], SOD [115] Conditions: in vitro [115]
Proanthocyanidin B4 Specificity: rat [115]
Tissue/Cell: cardiac HOC2 [115]

EGCG (-)-epigallocatechin-3-gallate, ECG epigallocatechin, EGC Epigallocatechin, SOD super-
oxide dismutase, MPO myeloperoxidase, GR glutathione reductase, CAT catalase, GSH glutathi-
one, GPx Glutathione peroxidase, GSTP2 glutathione S-transferase P2

attributed to a decrease in lipid peroxidation as well, suggesting that decreasing
expression of genes associated with damaging effects can also be accomplished
by polyphenol treatment [115].

3.2.2 Prooxidant Activity

It is clear that polyphenols offer antioxidant potential on multiple levels that relate
to cancer prevention; however, polyphenols are sensitive to oxidation themselves,
which under certain conditions can generate reactive oxygen species [116-120].
There is evidence that reactive oxygen species generated by the polyphenols may
activate nuclear factor erythroid 2 related factor 2 (Nrf2) which is part of a pathway
that is triggered in response to oxidative stress to activate antioxidant enzymes
[121-124].

Human subjects treated for 4 weeks following a washout period with 800 mg
EGCG per day exhibited significant increase in glutathione S-transferase activity
in blood lymphocytes drawn under fasting conditions. Glutathione 2-transferase
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activity was increased from 30.7 = 12.2 to 35.1 + 14.3 nmol/min/mg protein cor-
responding to a p-value of 0.058 or 0.004 when analyzed against baseline activ-
ity. The baseline comparison represents an 80% increase in subjects with
baseline activity in the lowest tertile [125]. These studies indicated that even
under prooxidant conditions polyphenols, specifically EGCG and resveratrol,
can function to protect the cell from oxidative stress. However, few large-scale
clinical studies have been conducted that address potential hazards of over sup-
plementation. Reported case studies have demonstrated potential for liver toxic-
ity when extracted tea polyphenols have been supplemented in large quantities,
beyond what would ordinarily be consumed from drinking tea. The patient
exhibited aspartate aminotransferase (AST) level of 1783 U/L (reference
17-39 U/L), alanine aminotransferase (ALT) level of 1788 U/L (reference
8-30 U/L), and alkaline phosphatase level of 238 U/L (reference 39-113 U/L)
following consumption of a tea extract based weight loss supplement for
4 months [126]. In vitro experiments in lung cancer cells have suggested that
incubation with 1 mmol/L EGCG resulted in hydrogen peroxide production in
the amount of 334 pmol/L. Importantly, cell death was inhibited in these cells
upon addition of catalase [127, 128].

Cell viability was decreased in lung, esophageal, and liver cells treated with
high doses (20200 pmol/L) of EGCG; however, in these cases addition of
superoxide dismutase and catalase reversed the effects of EGCG, at least in part
[116, 129]. Animal studies of toxicity following polyphenol intake have shown
varied results ranging from multi-organ toxicity to an absence of clinical
adverse effects. One of the most alarming animal studies examined short-term
effects of high doses of EGCG on organ toxicity [130]. This study examined
effects of a variety of administration methods including topical, divided- and
single- oral dosing.

A single oral dose of 200 mg EGCG/kg resulted in no toxicity, while a single
dose of 2000 mg EGCG/kg was lethal to rats. No toxicity was observed with
daily dosing of up to 500 mg/kg for 13 weeks in rats or dogs. However dosing the
dogs in a fasting state at this level caused morbidity [130]. Conversely, rats fed
quercetin ranging from 20-40 g/kg diet showed no signs of clinical adverse
effects from supplementation, although pathological evidence suggests some
nephropathy [131]. A large portion of polyphenols obtained through diet are
attributed to phenolic acids, which when consumed at high doses have been
shown to induce carcinogenesis through DNA damage [132]. Stability of the
genome is altered by direct DNA damage as well as chromosome translocation
[118, 132—-134]. These studies together illustrate the importance of establishing
upper limits for polyphenol consumption as well as emphasizing careful dose
response studies to determine levels at which the benefits out weigh the detri-
ments. Although in vitro studies are well suited to study dose response, direct
translation to humans is impossible. Careful attention should be made to calcu-
late appropriate human dosing based on in vitro results as well as emphasizing
the importance of continuing to clinical studies.
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3.2.3 Mediation of Cellular Signaling

Polyphenols have the unique ability to interact with cellular components in a variety
of ways. These include binding to receptors, traversing the membrane to bind to
components of a signaling pathway, interacting with various cytokines, and moder-
ating activity of enzymes involved in signaling cascades [135-142].

3.2.4 Mediation of Cellular Signaling: Immunomodulation

Interestingly, evidence exists for high affinity binding (Kd ~ 10 nmol/L) of EGCG
to the T-cell receptor CD4 demonstrating not only evidence for potential cancer
prevention but also as a prevention of HIV-1 infection [135]. Furthermore, studies
that involved the polyphenols found in bee propolis have linked polyphenols to
immunomodulation, suggesting that the propolis compounds exhibit anticancer
activity by activation of macrophages in addition to other tumor inhibition mecha-
nisms [143]. Resveratrol has been implicated in the reversible reduction of antigen-
specific cytotoxic T lymphocytes developed in response to mitogen, IL-2, and
alloantigen. Likewise, resveratrol irreversibly inhibited production of cytokines
IFN-y and IL-2 from splenic lymphocytes and tumor necrosis factor « (TNF-a)) and
IL-12 from peritoneal macrophages [144]. These studies collectively suggested that
polyphenols have the potential to modulate immune response specifically to dam-
aged cells, thus providing a preventative measure against cancer.

3.2.5 Mediation of Cellular Signaling: Nuclear Factor-xp (NF-kB)
Inhibition

Nuclear factor-kf (NF-kB) functions as a transcription factor sensitive to stress. It is
present in functional amount endogenously and therefore provides rapid control of
transcription upon cellular stimulus from a variety of factors including reactive oxy-
gen species, TNF-a, inflammatory interleukins, and bacterial infection. NF-kB
therefore plays a significant role in chronic disease state, especially those that are
inflammatory in nature, including cancer. It is believed that NF-kB is primarily
responsible for induction of a variety of cancer-promoting molecules including
adhesion molecules, growth factors, angiogeneic proteins, cell proliferative pro-
teins, and inflammatory cytokines [139]. It is relevant, therefore, to consider the
effects of polyphenols on the NF-kB pathway. During non-stimulatory conditions
cytosolic inhibitory proteins, known as IkBs, bind NF-kB excluding it from the
nucleus. Upon stimulation these inhibitory proteins are targeted for degradation and
NF-«B is translocated into the nucleus [145]. Regulatory points in this activation of
NF-xB include inhibition of IkB kinase (IKK) activation and inhibition of IxB phos-
phorylation and degradation, all of which can be influenced by polyphenols [139].
Figure 1 shows the interactions of inhibitory proteins with NF-kB and potential
levels of polyphenol control. Inhibition of IKK activation and IkB degradation by



Anticancer Potential of Dietary Polyphenols 35

-—Ubiquitin Translocation to the
Inhibitory nucleus upon
proteins tagged 5 ] NF-xB - dissociation of IKB
for degradation e

A

NF-xB

N

1 IKK-Phos (active) Nucleus

Potential Level of Polyphenol Modulation
1. Inhibition of IKK activation

2. Inhibition of IKB degradation

3. Inhibition of IKB phosphorylation

Fig. 1 The potential points of polyphenol mediated inhibition of the NF-kB pathway

EGCG have been demonstrated in vitro [146]. Inhibition of the NF-kB pathway has
been demonstrated with other polyphenols as well. Flavonoids appear to limit
NF-xB activation by regulating the levels of oxidants in the cell as well as interfer-
ing with IKK activation. Evidence also suggests that flavonoids may interfere with
the binding of NF-kB to DNA [147]. Inflammation was also inhibited on multiple
levels with quercetin treatment, one of which included the inhibition of IkB phos-
phorylation, which differs from the EGCG results [148].

3.2.6 Mediation of Cellular Signaling: Mitogen-Activated Protein Kinase
(MAPK) Pathway Modulation

Another major pathway sensitive to polyphenol interaction is the mitogen-activated
protein kinase (MAPK) pathway. The MAPK pathway is responsible for control of
processes such as cell growth, differentiation, proliferation, and death. In brief, the
MAPK pathway signal is initiated by mitogen binding membrane bound receptors
such as the epithelial growth factor receptor (EGFR) which triggers G-protein Ras
to activate Raf (MAP3K), which activates MEK Y2 (MAP2K/ERK) and finally
MEK1/2 activates MAPK (Erk). MAPK when active can phosphorylate transcrip-
tion factors including c-Myc, cAMP response element B (CREB), and c-Fos. Each
of these transcription factors have been linked to cellular processes that have poten-
tial for development of cancer. A mutant version of the gene encoding phosphopro-
tein c-Myc generates a constitutive faulty transcription factor enhancing cell
proliferation [149-151]. CREB is a transcription factor that interacts with an
enhancer region known as cAMP response element (CRE), which has been associ-
ated with formation of long-term memories, drug addiction, major depressive disor-
der, and cell survival. Research has suggested that the involvement of CREB in
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cancer is somewhat tissue specific, but due to the central signaling location of CREB
it is well suited as an overlapping target for inhibition of proliferation and differen-
tiation [152]. C-Fos is a transcription factor responsible for both positive and nega-
tive regulation of cell proliferation, differentiation, and survival genes with direct
links to the development of cancer when induced [153]. Numerous studies have
shown polyphenol potential to interact with the MAPK pathways. In HaCaT cells
treated with TNF-a, curcumin inhibited the expression of IL-6, IL-1p, TNF-a, and
cyclin E. Activation of NF-kB and multiple MAP kinases including JNK, p38, and
ERK was also inhibited [154].

In addition to the MAPK pathway, polyphenols have been heavily researched for
effects on the PI3K/Akt pathway both directly and indirectly. Polyphenols extracted
from cocoa have been shown in vitro to directly inhibit PI3K activity by binding and
inactivating its activity [155]. Effectiveness of the cocoa polyphenols are enhanced
by additional interference in the signaling cascade by inhibiting TNF-o dependent
phosphorylation of Akt and TNF-a dependent activity of MEK1, although no evi-
dence was found for suppression of the TNF-a dependent phosphorylation of MEK 1
[155]. It suffices to say that suppression of Akt activation, either by inhibiting
inflammatory factors dependent phosphorylation or by PI3K mediated activation of
Akt, shows promise for the use of polyphenols in cancer prevention and therapy.
EGCG and TF from green and black tea, respectively, decrease PI3K and phospho-
Akt while increasing Erk1/2 [156]. Typically activation of Erk1/2 stimulates cell
survival but under specific conditions can also induce proapoptotic signals [157,
158]. Despite extensive research it is still relatively unclear how Erk1/2 activation
results in two drastically different effects, but it has been suggested with some evi-
dence that the levels of Erk1/2 and even the activity of this MAPK subgroup may
direct cellular outcome as well as the cellular localization of the Erk1/2 protein
[157]. The modulation of signal amplitude and the variability of cellular localiza-
tion could potentially explain the activated Erk1/2 anticancer effects exhibited by
polyphenols.

Although mediation of numerous signaling pathways overlaps with all mecha-
nisms of both prevention and management of cancer, some studies with specific
targets of metastasis are important to consider individually. Japanese researchers
studied the effects of certain polyphenols, Epigallocatechin (EGC) and EGCG, on
prevention of cancer metastasis. Of particular interest is the migration and invasion
pathways induced by heregulin-p1 (HRG-B1), and how these catechins could
potentially inhibit this activating peptide [159]. HRG-B1 is a peptide growth factor
that can work by binding to ErbB3, allowing it to form a heterodimer with ErbB2.
ErbB proteins are a family of tyrosine receptor kinases, also referred to as human
epidermal growth factor receptors (HER). This leads to downstream phosphoryla-
tion and activation of the PI3K/AKT/mTOR pathway that can lead to cancer metas-
tasis. To perform this experiment, MCF-7 breast cancer cells were treated with
30 uM of EGC, EGCG, or a vehicle control and incubated for times 0, 2, 4, 8, and
12 h in a media containing 50 ng/mL HRG-B1 protein. Western blots were then run
to measure for protein and phosphorylation (activation) levels of ErbB2 and ErbB3,
tyrosine receptor kinases activated by HRG-B1, for each study set [159]. HRG-B1



Anticancer Potential of Dietary Polyphenols 37

Heregulin-B1

Heregulin-B1 binds to ErbB3
stimulating heterodimerization
between ErbB3 and ErbB2

ErbB2-p

-
ErbB3 ErbB2 becomes phosphorylated
and causes downstream
phosphorylation of PI3K

P13K causes downstream
phosphorylation of AKT,
Leading to cancer metastasis
Through the mTOR pathway

Fig. 2 The activation of Akt by HRG-B1 [161]

has been shown to increase heterodimerization of ErbB3 and ErbB2 as well as phos-
phorylation (activation) of both kinases [160, 161]. Both of these processes lead to
recruitment of phosphoinositol-3-kinase (PI3K) and downstream activation of Akt,
and ultimately cell migration and cancer metastasis [162]. Figure 2 summarizes the
effects of HRG-B1 on Akt activation.

Researchers found that EGCG treatment was able to effectively reduce phos-
phorylation and heterodimerization levels of both ErbB2 and ErbB3; however, simi-
lar results were not seen in EGC treatment [159]. No hypothesis was given as to
why these results were differing between the two treatments, but the potential effec-
tiveness of using polyphenolic compounds for inhibition of HRG-induced migra-
tion was evident [159].

3.2.7 Mediation of Cellular Signaling: Cell Cycle Arrest

A crucial aspect of tumorigenesis is cell cycle dysregulation. This predominantly
occurs when the checkpoints along the cell cycle lose their natural function due to
unmediated activation of cyclin-dependent kinases (CDKs), which is associated
with different cyclins and/or cyclin-dependent kinase inhibitors (CDKIs) to cause
downstream effects that lead to cell cycle progression or arrest [163]. Because dys-
regulation of these vital checkpoints in the cell cycle is such a crucial step in tumori-
genesis, it has become a popular target for cancer prevention focused research [164].
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Many polyphenols have been shown to have strong effects in aiding in proper
cell cycle regulation and even promoting cell cycle arrest when it becomes dysregu-
lated. One heavily studied polyphenol source is grape seed extract. Grape seed
extract contains flavonoids, flavanols, and various catechins, procyanidin dimers,
trimers, and higher polyprocyanidins. Proanthocyanidins are a class of flavonoids
that are polymers of various catechins, primarily catechin and epicatechin. These
proanthocyanidins are major components of grape seed extract [165, 166]. When
tested in different colorectal and pancreatic cell lines in vitro, grape seed extract
resulted in inhibition of cell cycle growth at the G, phase and led to increased levels
of cellular apoptosis [165]. The mechanism of grape seed extract polyphenols has
yet to be confirmed, but data from the same studies have shown that CDK4/CDK6
interactions with cyclin D were decreased in both time- and concentration-dependent
manners with grape seed extract treatment [165]. Since CDK4/CDK6 association
with cyclin D is the primary trigger for cell cycle progression, this has been pro-
posed as a possible mechanism for cell cycle regulation by grape seed extract [167].

Another promising result identified by researchers working with colorectal cell
lines was that grape seed extract increased Cip1/p21 protein expression [165]. Cip1/
p21, a CDKI, is a complex protein that has proapoptotic and anti-proliferative
effects by binding to proliferating cell nuclear antigen (PCNA) to inhibit DNA rep-
lication and entry into mitosis [168]. Cip1/p21 expression is normally triggered and
upregulated by p53 tumor suppressor protein [167]. In this case, however, the line
of colorectal cells that were being studied, HT29, had a loss of function point muta-
tion in the gene that coded for p53. Researchers hypothesize that grape seed extract
polyphenols may have properties that allow it to perform p53 independent func-
tions, leading to cellular apoptosis [165]. Interestingly, research has also shown the
EGCG has the ability to reactivate epigenetically silenced Cip1/p21 and p16™%3,
another tumor suppressor gene, by demethylation and acetylating histones associ-
ated with the gene loci, thus allowing expression of the tumor suppressor genes in
human skin cancer cells [169]. Together these results indicate a multi-faceted ability
of polyphenols to enhance gene expression of tumor suppressors.

3.2.8 Mediation of Cellular Signaling: Apoptotic Pathway Induction

Cell cycle regulation is a common focal point in cancer prevention research. Many
natural polyphenols have been shown to perform certain actions in vitro that can aid
in regulation as well as help promote apoptosis [170]. Both extrinsic and intrinsic
apoptosis initiation have been studied, but both will ultimately lead to caspase-3
activation downstream, resulting in DNA fragmentation and cell death [171].
Quercetin is one polyphenol that has been shown to exhibit many of these acti-
vating effects. Many studies have shown that it will not only activate caspase-3, -8,
and -9, but it can also upregulate expression of Bax, a proapoptotic protein, and
downregulate expression of Bcl-2, an anti-apoptotic protein [170, 172]. Therefore,
quercetin demonstrates both mitochondrial and death protein signaling pathways
indicating that it participates in both intrinsic and extrinsic apoptotic pathways
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[172]. Moreover, the number of apoptotic NCI-H209 cells increased by 60%
between concentrations of 0 and 10 pM when treated with quercetin for 48 h in vitro
[170].

Other notable polyphenols that contribute to cell apoptosis mediation are theafla-
vins (TF) and thearubigins (TR), prominent black tea polyphenols. These com-
pounds are known to cause several different effects to interfere with carcinogenesis,
however, one of the most notable is their effect on p-Akt levels [173]. Treatment
with TF and TR have been shown to decrease the presence of p-Akt, which can lead
to many downstream effects such as downregulation of CDK4 through p27 activa-
tion and upregulation of cyclin D1, both of which contribute to prolonged cell sur-
vival, cell cycle dysregulation, and, ultimately, tumorigenesis [173, 174].

3.2.9 Epigenetic Modifications

Although initially much emphasis was placed on utilizing polyphenols for cancer
prevention, the emerging knowledge of the cancer epigenome has influenced exper-
iments in polyphenols as anticancer therapeutics both singly and as adjunctive ther-
apies. Polyphenols have an inert ability to regulate reactive oxygen species. The
protective effect leads to disease prevention via scavenging and decreases in inflam-
matory factors [9, 11, 71, 80, 139, 175, 176]. Mediation of reactive oxygen species
can also modulate epigenetic changes in the genome that result from cancerous cell
growth. Epigenetic changes in the genome are so predictive of cancer outcome that
analysis of methylation states of specific cancer genes are now used as both markers
of cancer and cancer survival predictors [177—182]. One such example is the human
ovarian cancer study where the methylation state of the BRCA1 promoter was ana-
lyzed. Patient cohorts exhibited similar clinical factors but differences in methyla-
tion status of the BRCA1 promoter. This study demonstrated a shorter median
disease free interval for patients with the methylated promoter (9.8 months) than
patients’ carrying the BRCA1 mutation (39.5 months). This disease free interval
difference was significant with a p-value of 0.04. A significant difference (P = 0.02)
was also found between the methylated promoter group and mutation group for the
median overall survival. Patients carrying the mutation as well as having a methyl-
ated promoter had significantly shorter survival than wild-type patients [181]. The
promise of this study is that facilitating demethylation of the BRCA1 promoter, in
either the wild-type or mutant genotype patient, could increase survival time and
decrease re-occurrence significantly in patients. Furthermore, this phenomenon
translates into breast cancer as well where BRCA1 promoter methylation was iden-
tified in triple negative tumors with large significance (P < 0.0001). Methylation
status was also related to increased lymph vessel invasion and higher nuclear grade
[182].

Various polyphenols have been reported to carry the ability to reverse CpG meth-
ylation in promoters of numerous genes, making polyphenols possible adjunct ther-
apy treatments that could increase survival in many cancers [183—185]. Research
has shown that inflammatory conditions lead to epigenetic modifications including



40 A. L. Stockert and M. Hill

inactivation of tumor suppressor genes, silencing of antioxidant genes, and activa-
tion of cancer-promoting genes [186, 187]. Evidence has suggested that even after
cancerous conditions develop, control of the relatively high level of reactive oxygen
species allows for reversal of these epigenetic modifications. Expression of glutathi-
one-2 transferase P1 can be re-stimulated in human prostate cancer cells by demeth-
ylation of the promoter via the polyphenols found in green tea [188]. Furthermore
EGCG inhibited DNA methyltransferases (DNMT) in vitro [189]. Curcumin, for
example, has been shown to reverse promoter methylation of glutathione-s-
transferase, allowing decreased oxidative stress [183]. This decrease in oxidative
stress is both due to direct scavenging and increased expression of antioxidant sys-
tem genes. These conditions have allowed natural cellular death gene expression.
Similarly, reduced oxidative stress have also positively influenced the effectiveness
of known chemotherapeutics.

Inhibition of methyltransferase enzymes DNMT by multiple polyphenols has
been demonstrated. Evidence suggests that histone acetylation is also affected as
some histone acetylases (HAT) are inactivated and histone deaceytlases (HDAC)
are activated. Epigenetic modulation relies on these enzymes and the ability to con-
trol them makes polyphenols of interest not only for anticancer activity but also for
antiaging and general disease prevention. Possibilities of polyphenols to affect
health, both negatively and positively, via these mechanisms are essentially
limitless.

3.2.10 Glycolytic Inhibition

Cancer cells, like all cells, rely heavily on their metabolic capabilities for energy
production. However, unlike most cells, cancer cells often rely more on aerobic
glycolysis rather than oxidative phosphorylation to produce the majority of its ATP
[190]. Even though, oxidative phosphorylation is largely more efficient than gly-
colysis, glycolysis produces ATP much more rapidly which can be helpful for rap-
idly proliferating cells [190]. Inhibition of glycolysis has thus been considered as a
means for cancer treatment and management.

Resveratrol, a polyphenol largely found in different types of grapes and berries,
has been increasingly studied for its effects on cell metabolism. It has the ability to
cause inhibition of 6-phosphofructo-1-kinase (PFK), an important regulatory
enzyme in cell metabolism which converts fructose-6-phosphate (F6P) to fructose-
1,6-bisphosphate (F-1,6-BP) [191]. Researchers have found that, when treated with
varying concentrations of resveratrol from 1 to 100 pM, MCF-7 breast cancer cell
line showed as low as a 16% reduction in ATP production at 1 pM, and as high as a
50% reduction at concentrations of 100 uM [191]. To confirm the mechanism, they
took their tests further to analyze changes in PFK activity in relation to the varying
resveratrol concentrations. Ratios of intracellular F6P to F1,6BP showed that PFK
was affected in a similar concentration-dependent manner to ATP production with
approximately a 65% reduction at 100 pM [191]. While these are significant find-
ings and potentially an effective agent against cancerous activity, we must be careful
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in this approach as to not damage or impair the metabolism of healthy cells. Figure 3
demonstrates the effects of resveratrol on the glycolytic pathway.

4 Adjunctive Therapy

The concept of adjunctive therapy has expanded in recent years. Research has
shown that treating with polyphenols in conjunction with chemotherapeutics can
not only ease the damage of the treatment to healthy cells but also selectively target
and sensitize cancer cells to the treatment. The ability to selectively sensitize cancer
cells that have developed resistance to common chemotherapeutics has the potential
to expand the efficacy and the crossover usage of therapeutics. One such example is
the use of selenium supplementation with cisplatin for colon cancer. Although not a
polyphenol, selenium is required for the glutathione peroxidase and reductase anti-
oxidant enzyme system. Addition of selenium decreased the level of reactive oxy-
gen species in the HT-29 colon cancer cell line and facilitated cisplatin efficacy in a
cancer cell line typically refractive to cisplatin [192]. Likewise, RGCG has been
shown to reverse cisplatin resistance in the A549/DDP cell line via demethylation
[193]. Treatment with curcumin facilitated epigenetic decrease in expression of
microRNA-186, a short RNA sequence associated with resistance and poor sur-
vival, in A549/DDP cells that allowed for induction of apoptosis [194]. Curcumin
has also been shown to inhibit the multidrug resistant p-glycoprotein transporter
[195]. Direct inhibition of this ABC type transporter limits efflux of the drug thereby
increasing the cellular concentration and improving efficacy of the drug against
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otherwise resistant cells. Although it is possible for the cells to evolve a drug efflux
transporter that is also resistant to inhibition by polyphenols, the success would be
limited by the predicted relative nonspecific binding of the polyphenols to the trans-
porter. Computational models have identified multiple polyphenol molecules bind-
ing in one active site with numerous binding poses of nearly equal affinity [196].
Evolution to counteract such flexible and variant binding of multi-molecular inter-
actions is unlikely.

5 Conclusion

Although the research surrounding the anticancer potential of polyphenol com-
pounds is extensive and numerous mechanisms have been identified, no such study
exists that can explore the multitude of effects that polyphenols can have in the
overlapping mechanisms by which they act. The sheer diversity of the available
polyphenols and the variation in bioavailability complicate this need for an all-
inclusive study evaluating the safety and efficacy of polyphenol use for anticancer
prevention and treatment. Available research methods limit the ability to monitor
multiple variables simultaneously while controlling appropriately for any modifica-
tions in cell process, thus research is limited to evaluation of single (or few) changes
per experiment. Polyphenols have been shown to interact in cellular processes at so
many levels, in so many different cells or tissues, in so many different pathways,
that it may never be possible to predict human interaction with polyphenols with
certainty.

Clinical trials and in vivo studies have begun to show trends in effectiveness of
polyphenol use, but results are still and always will be dependent on influence of the
individual’s environment and health status in a way that few main-stream drugs
have faced. Currently, the closest comparison for a therapy with such individuality
would be the incorporation of pharmacogenomics testing and clinically actionable
therapeutic modifications based on the individual genotype. However, even pharma-
cogenomics has not achieved full implementation.

The difficulty in correlating between human studies with an unprecedented num-
ber of variables and preclinical studies will continue. The potential benefits of poly-
phenols must continue to be explored preclinically as well as clinically in order to
further test and generate research hypotheses. Although much has been learned
from the numerous experiments conducted on polyphenol anticancer activities,
there is still not a “one size fits all” conclusion in regard to the translational benefits
in human therapy. There is clear evidence for benefits to polyphenol incorporation
in human preventative therapy, but the number of precautions to consider have
placed the onus of the decision on the individual rather incorporating the therapy
decision as common physician protocol. Evidence also exists for polyphenol use as
a cancer treatment or adjunctive therapy, however concerns over the effectiveness
will always exist. The risk versus benefit analysis favors polyphenol use as an
adjunctive therapy, while with prevention the analysis is not as clear.
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1 Introduction

The search for new sources of natural antioxidants from plant material may have
beneficial therapeutic potential for those diseases associated with oxidative stress,
including cancer. Natural products are rich in flavonoids, phenolic, alkaloids carot-
enoids, and organosulfur compounds, these bioactive components are known to
combat oxidative stress-mediated diseases pathogenesis, including cancer. A novel
approach for preventing cancer is chemoprevention using natural products for sup-
pression, prevention, or reversion premalignancy before the induction of aggressive
cancer. Natural products are fruits, vegetables, grains, spices, nuts, herbs, and
medicinal plants. During the last few decades, it was found that cancer risk is
decreased by having a diet rich in fruits, vegetables, green tea, and legumes and has
led research to discover many plant constituents specially phytochemicals that
might help in the protection against oxidative stress and blocking specific carcino-
genic pathways.

Oxidative stress has been reported to be a major risk factor for cancer, and anti-
oxidants have proved to possess cytotoxic potential effect in various cancer models,
in vitro and in vivo. Although there are hundreds of synthetic chemicals that are
currently used as a cancer chemotherapeutic agents, yet they have side effects to the
normal cells. Therefore, it is essential to search for natural products that have anti-
oxidants and anticancer properties. Natural plants contain phytochemicals that
effectively inhibit cancer proliferation by scavenging free radicals, inhibit oxidative
stress and thereby extending protective effects against cancer.
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In recent years the complementary and alternative medicine have gained greater
emphasis; there are at least 1000 indigenous plants that possess medicinal proper-
ties for treating chronic human diseases, including cancer. These plants have the
ability to prevent the risk of developing various forms of cancer and cancer treat-
ment by modifying tumor behavior. Medicinal plants are important elements of
indigenous medical system that have persisted in developing countries. Many of the
botanical chemopreventions are currently used as potent anticancer agents; this
chapter aims to present the antioxidant properties and chemopreventive effect of a
wide variety of natural plants. The chapter summarizes the anticancer effects of
phytochemicals as it exhibits in vitro and in vivo anti-proliferation, anti-metastasis,
antiangiogenesis, anti-multidrug resistance, and autophagy regulation actions.

2 Antioxidant Properties of Natural Plants

Human used a wide variety of plants as treatment approximately 60,000 years ago
[1]. Several scientific evidence have proven that oxidative stress induces the forma-
tion of lipid peroxides and other reactive oxygen species that play an important role
in cancer pathogenesis [2]. Products of lipid peroxides result in the formation of
highly reactive products such as malondialdehyde, which can bind to cellular pro-
teins leading to pleiotropic effects and mutagenicity [3]. Several clinical studies
suggested that various natural products are rich in phytochemicals and protect
against oxidative stress insults and carcinogenesis [4, 5]. Phytochemicals are bioac-
tive compounds present in plants where they are produced as secondary metabolites
to protect themselves from several pathogenic agents. Most bioactive phytochemi-
cals belong to one of five groups: polyphenols, carotenoids, alkaloids, nitrogen-
containing compounds, and organosulfur compounds [6].

Oxidative stress insults increased oxidation of thiol (sulthydryl) groups of differ-
ent proteins, and subsequent proteins modification and inhibition of cellular antioxi-
dant enzymes [7]. Serum thiol groups, including glutathione, are often diminished
in subjects with different types of cancers [8, 9]. A large number of experimental
and epidemiological studies have indicated that the reactive oxygen species contrib-
ute to organ injury in many systems [10]. As a consequence, different types of mol-
ecules, such as proteins, lipids, and nucleic acids, can be damaged, resulting in
severe metabolic dysfunction, including lipid peroxidation, protein oxidation, mem-
brane disruption, and DNA damage [11].

Plant products like vegetables, fruits, flowers, and grains are potential source of
natural antioxidants and other phytochemicals [12]. The majority of antioxidants
are phenolic compounds [13]. These antioxidants differ in structure like the number
of phenolic hydroxyl groups and their location, causing difference in their antioxi-
dative ability [14]. Antioxidants are capable to scavenge the free radicals causing
reduction in oxidative stress caused by photons and oxygen [15]. Accordingly, they
are responsible for the potent of antioxidant action of plants which are essential for
optimal well-being [16].
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Antioxidants act as the first line of defense against oxidative stress by inhibiting
the formation of reactive nitrogen and oxygen species and prevent damage to bio-
logically essential molecules like protein, DNA, and lipid [17]. Phytonutrients such
as phenolic acids and flavonoids consider antioxidant and anti-inflammatory prop-
erties which can decrease the inflammatory process associated with chronic condi-
tions like cancer [18]. Phenolic compounds are responsible for significant
mechanisms of actions including scavenging of free radicals, blocking reactive oxy-
gen species production, detoxifying enzymes, impacting cell cycle, suppression of
tumors, apoptosis, modulation of signal transduction and metabolism [19]. There is
strong scientific evidence for the protective effect of dietary intake of natural prod-
ucts and medicinal plants against human chronic diseases, including cancer [20].
Natural plants are rich in bioactive ingredients and are considered as the most wide-
spread form of medication for a multitude of health problems in populations
throughout the world [21]. These protective effects with potential health benefits are
mainly due to the presence of phytochemicals [22]. Molecular mechanism-based
cancer chemoprevention by phytochemicals seems to be vital in delaying or pre-
venting the incidence of cancer [23].

3 Anticancer Properties of Selected Natural Products

Acridocarpus orientalis plant showed potential antioxidant activities [24]. Numerous
studies have shown that Allium cepa or onion has sulfur-containing amino acid,
S-methyl cysteine sulphoxide, which is shown to prompt powerful antioxidant
activity. Studies indicated that this plant is rich in a constituent called diallyl trisul-
fide that inhibits growth of cultured human prostate cancer cells in association with
apoptosis induction [25]. In cultured human prostate cancer cells, diallyl trisulfide
treatment has been shown to cause cell cycle arrest, apoptosis induction, and tran-
scriptional repression of androgen receptor. Furthermore, diallyl trisulfide treatment
inhibited angiogenesis in human umbilical vein endothelial cells. Studies have pro-
vided novel insights into the molecular circuitry of apoptotic cell death resulting
from diallyl trisulfide exposure in human prostate cancer cells [26-28].

Caralluma tuberculata possesses moderate cytotoxic activity on breast cancer
and other cancer cells in vitro, which may indicate a source of activity in vivo of
interest to future drug design [29]. Caralluma species are natural sources of a wide
variety of pregnane glycosides, which induce caspase-dependent apoptosis in can-
cer cells [30, 31].

Carica papaya L. is a potent antioxidant and has an in vitro and in vivo protec-
tive effect against oxidizing agent in cancer experimental models [26, 27, 32].
Papaya peel extract is rich in phenolic contents that combat oxidative stress by
increasing antioxidant enzymatic activities that are impaired during cancer patho-
genesis [33, 34].

Curcuma longa plant has been commonly perceived in decreasing lipid perox-
ides and free radicals attack in cancer models [35]. In human cancer cell lines,
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curcumin has been shown to decrease ornithine decarboxylase activity, a rate-limit-
ing enzyme in polyamine biosynthesis that is frequently upregulated in cancer and
other rapidly proliferating tissues. Numerous studies have demonstrated that pre-
treatment with curcumin can abrogate carcinogen-induced tumorigenesis in differ-
ent models and organs [36]. The cell proliferation assay indicated that extracts from
the Curcuma longa exerted anti-proliferative activity in cancer cells, the molecular
mechanisms underlying this protective effect is that certain pro-apoptotic mole-
cules, including caspase-3, checkpoint kinase 2, and tumor protein 53, exhibited
increased activity in cancer cells, but when treated with the Curcuma longa extract,
the cells exhibited an opposite effect [26, 27].

Dodonaea viscosa shows high free radical scavenging activity [37]. They are
rich in naturally derived triterpenoid saponins (ginsenosides and saikosaponins) and
steroid saponins (dioscin, polyphyllin, and timosaponin) that demonstrate various
pharmacological effects against mammalian diseases [38].

Haplophyllum tuberculatum contains phenolic compounds as main phytochemi-
cals which exhibit antioxidant potential properties [39]. In cancer cell line, CCRF-
CEM, it has cytotoxic effects in a mechanisms involved cell cycle distribution,
apoptosis, caspases activities and mitochondrial function [40].

Momordica charantia is rich in polyphenols and carotenoids and exhibits a wide
range of biological effects, including anti-inflammatory, antiaging, anti-
atherosclerosis, and anticancer [38]. It showed powerful DPPH radical scavenging
activity comparing to vitamin E; it also exhibited enhanced iron chelating activity
than vitamin E, but they were weaker than vitamin E in free radical scavenging,
xanthine oxidase inhibitory, and anti-lipid peroxidation activities [41]. Some studies
have reported that oral administration of the Momordica charantia juice or seed
powder showed a significant reduction in oxidative stress [42].

Moringa oleifera trees grow well in Jamaica and their parts are popularly used
locally for various purposes and ailments. Antioxidant activities in Moringa oleifera
samples from different parts of the world have different ranges [43]. Extracts from
the Moringa oleifera leaves, root core, and outer parts have protective activity
against hepatocarcinoma and breast and colorectal cancer cell lines, as all extracts
kill the different cancer cells with different ratios, suggesting its therapeutic use as
a natural source of anticancer compounds [44, 45].

Moringa peregrine reduced radicals significantly and showed strong antioxidant
activity; it is a tropical tree growing in southeast of Iran. All parts of this plant have
nutritional uses and pharmacological activities [46]. All Moringa leaf and seed
extracts showed pronounced antioxidant activities in a dose-dependent manner and
the effects depend strongly on the solvent used for extraction. Extracts of both
leaves and seeds of Moringa exhibit antioxidant potential by combating superoxide
anion radicals suggesting that M. peregrina is a promising plant with antioxiant
therapeutic effect [47, 48].

Oxalis corniculata is an important herbaceous and subtropical plant from the
genus Oxalis, and has a therapeutic effect and medicinal uses like treatment for
cancer [49]; this is based on the antioxidant properties of active compounds such as
vitamin C, isoorientin, isovitexin, and swertisin [50]. Phytochemical studies of
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Oxalis corniculata have shown the presence of a combination of oleic, linoleic,
linolenic, stearic acids, palmitic acid, and tannins [51].

Phyllanthus emblica L. exhibited inhibitory activities against melanogenesis in a
mechanism involving selective cytotoxicity to cancer cells with no or low toxicity
to the normal wild-type cells [52]. Every part of this plant possesses high medicinal
value, where the polyphenols found in E. officinalis, especially tannins and flavo-
noids, are key responsible elements for major bioactivities and pharmacological
activities through various mode of actions including antioxidant, anticancer, and
cytoprotective properties [53, 54].

Portulaca oleracea provides the basis for the therapeutic importance of studied
plants as inhibitors of oxidative stress and antitumor cell proliferation based on its
high content of bioactive compounds such as cinnamic acids, caffeic acid, alkaloids,
cardiac glycosides, coumarins, flavonoids, glycosides, alanine, saponins, anthraqui-
none, catechol, and tannins [55, 56]. P. oleracea extract inhibits the growth of colon
cancer stem cells and it may elicit its effects through regulatory and target genes that
mediate the tumor formation in colon cancer stem cells [57].

Prosopis cineraria extract produced an increase in nonenzymatic antioxidants
and enzymatic antioxidants [58]. This plant has potency to scavenge the cellular
free radicals, mainly hydrogen peroxide, and the results showed that this plant
extract had the maximum efficacy to inhibit lipid peroxidation and DNA damage
and was found to be potent and possessed significant cytotoxicity towards Ehrlich
ascites carcinoma tumor model [59].

Punica granatum peel extract protects against cancer diseases by combating
reactive oxygen species generation in experimental cancer model [60]. Pomegranate
(Punica granatum) is rich in polyphenols, particularly anthocyanins and tannins
which have antagonistic interactions against cancer and used in dietary-based can-
cer chemoprevention and treatment.

Rubus occidentalis has a wide variety of polyphenolics, ellagic acid, sanguiin
H-6, and flavonol derivatives with different phytonutrient profiles [61]. Numerous
in vitro studies have confirmed the activity of this fruit extract against certain types
of human cancers [62]. Bioactive compounds of berry have significant anticancer
effects through various complementary mechanisms of action including the induc-
tion of metabolizing enzymes, modulation of gene expression, and their effects on
cell proliferation, apoptosis, and subcellular signaling pathway [63]. In vitro evi-
dence from different cancer models suggested that berry polyphenols may modulate
cellular processes essential for cancer cell survival, such as proliferation and apop-
tosis [64].

Teucrium stocksianum is a natural herbicide with a strong antioxidant activity
and high total phenolic content, and cytotoxicity and phytotoxicity assays indicated
that it is rich in saponins, n-hexane, and chloroform fractions that might play a vital
role in the treatment of neoplasia [65]. The plant extract also displayed marked
phytochemical and antioxidant activity and produce substantial number of antioxi-
dant potential properties [66]. Phytochemical composition of this plant are flavo-
noids, tannins, saponins, anthraquinone, steroid, phlobatannin, terpenoid, glycoside,
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and reducing sugars which collectively have free radical scavenging properties
against oxidative stress-mediated carcinogenesis [67].

Vaccinium myrtillus exhibited significant antioxidant capacity and is commonly
used as an ingredient for the design of new food products or food supplements; it is
rich in phenolic compounds such as anthocyanins from blueberry [68]. Several
research studies indicate that this fruit is rich in bioactive compounds, including
flavonoids, anthocyanin, p-carotenoids, vitamins, and phenolic acids, which protect
DNA, and thus it has a therapeutic effectiveness during chemotherapy [69-71].

Zingiber officinale extract administration in animal cancer experimental studies
had significantly reduced oxidative stress-induced cancer models [72]. The antican-
cer properties were ascribed to the free radical scavenging activity of Z. officinale
and thereby combating oxidative stress-mediated carcinogenesis [73]. In silico
investigation demonstrated that the synergetic effects of p-phellandrene with other
compounds in Z. officinale might be responsible for its anticancerous activity [73].

Zizyphus spina-christi is a rich source of bioactive compounds with medicinal
properties in chemoprevention of cancer by ameliorating the intracellular glutathi-
one depletion as well as abrogating pro-apoptotic events associated with cancer
[74]. The anticancer effect of Ziziphus spina-christi on breast cancer cells was
investigated, and providing a scientific basis for its utility in traditional medicine
[75]. The cytotoxic activity of Z. spina-christi extracts against the early stage of
carcinogenesis in tumor cell lines is by preventing oxidative stress, and it can be
concluded that Z. spina-christi is a good candidate for new cytotoxic chemopreven-
tive agents [76].

4 Conclusion

Phytochemicals containing foods cause a decline in the risk of different types of
cancers, and gained considerable recognition as a functional food in the modern era.
Experimental studies and human clinical trials illustrated that natural products are
rich in polyphenols isoflavones, flavanoid, catechins, carotenoids, and many other
constituents that help in protecting against the deleterious impact of reactive oxygen
species and its associated carcinogenesis. High intake of natural products counter-
act the oxidative stress-mediated carcinogenesis, and hence represent a therapeutic
effectiveness during chemotherapy of cancer patients as supported by results of
case-control studies. Natural products supplements in the diet represent a section of
whole health program, along with an increased intake of vegetables and hence to
help in the primary prevention of cancer initiation.
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Cinnamon as a Cancer Therapeutic Agent M)

Neeru Bhatt

1 Introduction

Multidisciplinary scientific investigations are continuously making efforts to combat
this dreaded disease, but the perfect cure is yet to be brought into world medicine. Many
types of cancer treatments are available depending on the type and stage of cancer and
preference of the patient. The main types of cancer treatment include surgery, radiation
therapy, chemotherapy, immunotherapy, target therapy, hormone therapy, adjuvant
therapy, growth signal inhibitors, endogenous angioinhibitors, stem cell therapy, and
precision medicine [1]. Each therapy has its own advantages and disadvantages. Some
people prefer only one treatment, but most people have a combination of treatments,
such as surgery along with chemotherapy and/or radiation therapy. If the disease has
become metastasized and the targeted cancer cells are floating around in the bloodstream,
multiple strategies should be adopted to get rid of the cancer.

Plant-based drugs were given utmost importance and have been successfully
used in cancer treatment from ancient time whether it was Ayurveda, or ancient
Chinese medicine, or ancient Egyptian medicine or ancient Greece medicine. In
recent years the complementary and alternative medicine has gained greater
emphasis to deal with cancer.

There are at least 250,000 species of plants out of which more than 1000 plants have
been found to possess a diverse and promising resource for treating chronic human
diseases, including cancer, cardiovascular disease, diabetes, and Alzheimer [2-5].
More than 25% of drugs used during the last 20 years are directly derived from plants,
while the other 25% are chemically altered natural products [6, 7]. Epidemiological
and experimental studies have consistently presented a correlation between regular
consumption of fruits and vegetables and prevention of developing lifestyle disorders,
such as obesity, diabetes, cardiovascular disorders, and cancer [8, 9]. Phytochemicals,
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such as polyphenols and flavonoids which are abundant in fruits and vegetables, seem
to possess many of the desirable qualities for preventing cancer and could have great
potential as chemopreventive and antiproliferative agents [10—14].

A number of studies from all over the world are aiming to culinary herbs and other
botanicals as sources of antioxidants and other substances that have anticancer
characteristics. These plants may have the ability to prevent the risk of developing
various forms of cancer and some can even modify tumor behavior [15]. However, the
use of herbal medicine as an anticancer agent requires extensive research and strict
criteria for standardization, safety, quality control, toxicity, and clinical trials [16]. A
wide variety of plants have proved to possess cytotoxic potential against various can-
cers in vitro and in vivo. The following are just a few selected examples of the plants
with cytotoxic potential: Curcuma longa, Withania somnifera, Achyranthes aspera,
Allium sativum, Annona muricata, Bolbostemma paniculatum, Cannabis sativa,
Centaurea ainetensis, Camellia sinensis, Daphne mezereum, Gossypium hirsutum,
Hydrocotyle asiatica, Hypericum perforatum, Nervilia fordii, Oroxylum indicum,
Picrorrhiza kurroa, Rubia cordifolia, Salvia miltiorrhiza, various Scutellaria species,
Silybum marianum, Smilax china, Strychnos nuxvomica, Taraxacum officinale,
Zingiber officinale, etc. Certain plants have shown to possess immunomodulatory
effect to kill cancer cells, which include Tinosporia cordifolia, Apis mellifera, Bidens
pilosa, Andrographis paniculata, and Mangifera indica [17]. Some tetrandrine (from
root of Stephenia tetrandra), withaferin-A (from Withania somnifera), echitamine
chloride (from stem bark of Astonia scholaris), rohitukine (from Amoora rohituka);
curcumin (from Curcuma longa), and perillyl alcohol and berberine (from Tinospora
cordifolia) have shown the chemo- and radio-sensitizing activities [18, 19]. To control
the harmful side effects of chemo- and radiotherapy, Ayurvedic anticancer medicines
can be used as adjuvants to improve the quality of life [20-23].

The Ayurvedic semisolid pharmaceutical preparation Rasayana avaleha improves
the quality of life, if taken as adjuvant along with chemo- or radiotherapy [23].
Classical Indian Ayurvedic drugs such as Amritaprasham, Ashwagandha Rasayana,
Brahma Rasayana, Chyavanprasha, Narasimha asayana, and Triphala Churna were
found to be radio-protective in cancer treatment [24]. Cinnamon is one such natural
produce with exceptional culinary, cosmetic, medicinal, and healing properties.

2 Cinnamon as a Cancer Prevention

2.1 Species of Cinnamon

Cinnamon is derived from the Greek word kinnamon that means sweet wood. It belongs
to family Lauraceae, many of whose members produce wonderful spices [25, 26]. This
genus contains about 250-350 species worldwide, distributed in tropical and subtropical
regions of North America, Central America, South America, Southeast Asia, and
Australia [27, 28]. Two main varieties of cinnamon are found in nature, one is Ceylon
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or true cinnamon (Cinnamon zeylanicum Blume), mostly grown in Sri Lanka and
Southern India, and the other one is cassia (Cinnamom aromaticum Ness), grown in
China, Indonesia, and Vietnam. Approximately 21 species of cinnamon have been
recognized in Peninsular Malaysia [29]. Cinnamon is one of the oldest spices known to
the world [30] and is obtained from the inner bark of cinnamon trees. The bark when
dried rolls into a tubular form known as a quill or cinnamon stick [26, 31].

2.2 Chemical and Phytochemical Composition of Cinnamon

Data about proximate composition of cinnamon is scanty, only few studies have been
done in this regard. The moisture content varies from 5.1 to 9.45 mg/100 g depending
on the species. Likewise, crude protein content varied from 3.5 to 5.0, crude fat from
3.5 t0 5.0, and ash content from 2.4 to 3.7 mg/100 g. Cinnamon contains crude fiber
as 22.0 to 33.0 mg per 100 g [32, 33] (Fig. 1).

Cinnamon also contains variety of compounds such as mucilage, tannin, sugar, resin,
and essential oil, among which essential oil is the most important constituent [34]. As
cinnamon ages, it darkens in color and the resinous compounds rises [35]. The presence
of a wide range of essential oils, such as frans-cinnamaldehyde, cinnamyl acetate,
eugenol, L-borneol, caryophyllene oxide, f-caryophyllene, L-bornyl acetate, E-nerolidol,
a-cubebene, a-terpineol, terpinolene, and o-thujene, has been reported [36, 37].
Cinnamon oil is widely used in the food processing, cosmetic, flavorings, confectionaries,
and pharmaceutical industries [30].

The composition of essential oil varies within plant, viz. in leaves, bark, fruit,
and root. It also varies from species to species and geographical locations. The
essential oils from Cinnamon cassia contain 80.90% cinnamaldehyde with little
or no eugenol, while Cinnamon zeylanicum contains 60.80% cinnamaldehyde
and approximately 2% eugenol, however, essential oils from its leaves were found
to be rich in eugenol, 70.8% [25]. The principle volatile constituent cinnamalde-
hyde is responsible for the spicy flavor, aroma, and fragrance of cinnamon [25].
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The crude extracts of cinnamon stick also contain high levels of nonvolatile
compounds mainly condensed tannins, which consist of 23.2% proanthocyanidins
and 3.6% catechins [25].

Cinnamaldehyde is the only unsaturated aldehyde which is approved by the Food
and Drug Administration (FDA) (21CFR § 182.60) as seasoning, spice, and flavor-
ing agent and has classified it in the category of foods as “Generally Recognized as
Safe (GRAS)” by the “Flavor and Extract Manufacturers Association” (FEMA) in
the United States (FEMA no. 2286, 2201) [38].

2.3 Medical Uses of Cinnamon
2.3.1 Cinnamon in Disease and Infection Prevention

Cinnamon is used as a spice in food preparation, both sweet and savory. It has been used
in traditional medicine in India, Egypt, and China since ancient times, for various appli-
cations such as adenopathy, rheumatism, dermatosis, dyspepsia, stroke, tumors,
elephantiasis, trichomonas, yeast, and virus infections [39, 40]. It possesses strong
antioxidant, antibacterial, antipyretic, and anti-inflammatory properties, which play an
important role in tissue repair [41, 42]. Cinnamon is also used as herbal remedy for the
treatment of common colds, cardiovascular diseases, and chronic gastrointestinal and
gynecological disorders [43]. Besides, cinnamon is used for treating sore throats, cough,
indigestion, abdominal cramps, intestinal spasms, nausea, flatulence, and diarrhea [26].
It has also been found that cinnamon slows down food spoilage and exhibits antifungal
properties [44]. Cinnamon is effective for antiulcer, probably by potentiating the
defensive factors through the improvement of the circulatory disorder and gastric
cytoprotection. Akira et al. [45] found that the intraperitoneal administration of an
aqueous extract of cinnamon to rats prevented the occurrence of stress ulcers under
exposure to a cold atmosphere 3—5 °C or on restraint in water 22-24 °C.

2.3.2 Cinnamon and Cancer Treatment

Cinnamon extract potently inhibit various tumor cell growths in vitro and suppressed in
vivo melanoma progression [16]. Several studies have found that cinnamon extract (CE)
displays anticancer activity and inhibits angiogenesis by blocking vascular endothelial
growth factor (VEGF) 2 signaling [46, 47]. This may be due to the presence of bioactive
and the polyphenolic compounds in cinnamon [43]. The anticancer effect of cinnamal-
dehyde and eugenol against breast (T47D) and lung (NCI-H322) cancer cell lines was
reported by Sharma et al. [46]. Cinnamaldehyde has also been shown to inhibit
cyclin-dependent kinases (CDKSs), which are involved in cell cycle regulation [48].
Cinnamon extracts can inhibit proliferation of lymphoma, melanoma, hepatocellu-
lar cancer, cervix cancer and colon cancer cells in vitro and melanoma in vivo conditions
and suppress angiogenesis [5, 26, 47, 49]. A major bioactive compound found in
cinnamon, known as 2’'-hydroxycinnamicaldehyde (2’-HCA), specifically inhibits the
growth of human erythroleukemia or squamous epidermoid carcinoma cells by
inducing apoptosis and Pim-1. Pim-1 (proto oncogene) is a kinase that is primarily



Cinnamon as a Cancer Therapeutic Agent 67

involved in transcriptional activation and cellular signal transduction pathways related
to cell cycle progression and apoptosis [50]. The overexpression of Pim-1 has been
observed in many types of cancer, including leukemia, squamous cell carcinoma, pros-
tate cancer, gastric carcinoma, and bladder cancer [51]. 2’-HCA potently suppressed
the growth of mouse xenografts representing human leukemia or skin cancer, showing
that 2'-HCA as a potent anticancer principle targeting of the Pim-1 kinase [52].

Cinnamon extract plays a therapeutic role in cervical cancer cells by depolarization
of the mitochondrial membrane potential, resulting in cellular apoptosis [47]. It also can
significantly reduce the migration of cancer cells, indicating its potential use as an anti-
cancer drug in cervical cancer [47]. Cinnamon extract was shown to inhibit the growth
of hematologic tumor cells. Moreover, the treatment of melanoma cell lines with CE
also induced a decrease in Cox-2 and HIF-1a expression in the tumor tissues that medi-
ate the potent antitumor activity of cinnamon. Both Cox-2 and HIF-1a are established
cancer progression regulators and aggravate angiogenesis and metastasis [16].
Cuminaldehyde has the ability to generate vacuolation associated increased volume of
the acidic compartment which is further responsible for apoptotic or necrotic cell. Since
apoptotic cell death is a well-ordered process, an upregulated volume of acidic com-
partment may cause the self-digestion during cell death [53].

Cuminaldehyde suppressed the growth of human colorectal COLO 205 cells in a
concentration as well as time-dependent manner. It caused apoptotic cell death, by loss
of mitochondrial membrane potential, increase of caspase-3 and -9, along with morpho-
logical features of apoptosis, including apoptotic body formation, fragmentation, and
nuclear condensation as demonstrated in different staining as well as comet assay [54].

Anticancer effect of cinnamon extracts is also associated with modulation of
angiogenesis and effector function of CD8+ T cells. In fact, the antitumor effect of
cinnamon extracts is linked with their enhanced pro-apoptotic activity by inhibiting
the activities of NF-xB and AP1 in mouse melanoma model [16]. The essential oil
of cinnamon exhibited significant anticancer activity against HNSCC cells in vitro
through suppression of EGFR-TK [55]. Numerous in vitro studies have shown that
cinnamon extract exert has an anticancer effect via attenuating NF-kB, AP1 and
their target genes such as Bcl-2, BcL-xL and survive and inhibit angiogenesis by
blocking vascular endothelial growth factor (VEGF) 2 signaling [5, 56]. The extract
of cinnamon exhibits potent antiproliferative effect in vitro and induces active death
of tumor cells by upregulating proapoptotic molecules.

Oral administration of cinnamon extracts can suppress azoxymethane-induced
colon carcinogenesis in a mouse model [57]. As a matter of fact, the potent antioxidant
properties of cinnamon can lessen lipid peroxidation that lead to cancer. According to
Schoene et al. [58], the water extract of cinnamon can promote apoptosis of tumor
cells and stop the cell cycle at the G1 phase. The extract also inhibits proliferation of
HL-60 cells, and it was suggested that the antitumor effect of the extract of cinnamon
is associated with the concentration and time of treatment [59]. Furthermore, the
water extract of cinnamon also demonstrated antitumor effects in cervical cancer by
altering the growth kinetics of the human cervical carcinoma cell line (SiHa cells),
and the mechanism may be attributable to the loss of mitochondrial membrane poten-
tial, which induced apoptosis, or lower expression of cervical trans-membrane
receptor protein Her-2 via inhibition of the metastasis of malignant cells [47].
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2.4 Mechanism of Action of Cinnamon Against Cancer

The underlying mechanisms of cinnamon may be responsible for potent anticancerous
property. It can be attributed to the antioxidant property, decreased inflammation,
antimicrobial, anti-lipid peroxidation, and insulin-potentiating properties. Tumor
cells are generally resistant to apoptosis; hence selective killing of tumor cells by
promoting apoptosis pathway is an attractive and effective way for development of
anticancer agents. Although anticancer drugs may act differently, apoptosis is the
most common and preferred mechanism through which many anticancer agents kill
and eradicate cancer cells [60].

2.4.1 Antioxidant Property

Many active components of herbs and spices can prevent lipid peroxidation through
quenching free radicals or through activation of antioxidant enzymes like superox-
ide dismutase, catalase, glutathione peroxidase, and glutathione reductase [61].
Oxidative stress initiates numerous disease processes in human body. Under normal
metabolic conditions about 2-5% of O2 used up by mitochondria is converted to
ROS (reactive oxygen species). ROS along with RNS permanently modify the
genetic material leading to numerous degenerative or chronic diseases [62]. RNS
are produced from the nitric oxide (NO) and its metabolites.

Cinnamon has been listed as one of the top seven antioxidants in the world with
an ORAC value of 267,536 pmol TE/100 g [63]. Cinnamon exhibited higher
antioxidant activities compared to the other dessert spices [64]. The antioxidant
activities of cinnamon have been elucidated by many scientists and researchers. The
aqueous and alcoholic extract (1: 1) of cinnamon significantly inhibits fatty acid
oxidation and lipid peroxidation in vitro that leads to cancer [65]. Different flavonoid
compounds present in cinnamon have shown free-radical-scavenging activities [66].
Additionally, cinnamaldehyde and other compounds of cinnamon possess potential
activity against the production of nitric oxide as well as the expression of inducible
nitric oxide. The ethanolic extract of cinnamon exhibited significant inhibition
(96.3%) compared to the natural antioxidant a-tocopherol (93.74%) [67].

2.4.2 Anti-inflammatory Activity

Inflammation is a part of body’s immune response. It is responsible for pain and
chronic diseases such as diabetes, heart diseases, allergies, neurodegenerative dis-
eases, and cancer. Cinnamon has been reported to have anti-inflammatory activity
through the potent inhibition of nitric oxide (NO) and cyclooxygenase. One of the
most common features of inflammation is increased oxygenation of arachidonic
acid, which is metabolized by two enzymic pathways—the cyclooxygenase (CO)
and the 5-lipoxygenase (5-LO) leading to the production of prostaglandins and
leukotrienes, respectively. Among the CO products, PGE2 and among the 5-LO
products, LTB, are considered important mediators of inflammation [68]. The etha-
nolic extract of cinnamon showed significant anti-inflammatory effects by reducing
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the activation of Src/spleen-tyrosine-kinase- (Src/Syk-) mediated NF-«B [69, 70].
Cinnamon oil significantly inhibits the production of several protein biomarkers
that are involved in inflammation and tissue remodeling [71].

2.4.3 Antimicrobial Activity

The antimicrobial activity of cinnamon is primarily due to its essential oil content.
Though, the exact antimicrobial action of herbs and spices in vivo conditions is hard to
evaluate, because of the very complex and balanced microbial populations in
gastrointestinal tract and the interaction of active components from herbs and spices
with other nutrients [72]. Cinnamon is a powerful antibacterial and makes a great natural
disinfectant. Many gastric ailments such as antral gastritis, duodenal ulcer, and gastric
lymphoma are frequently associated with Helicobacter pylori infection. So, eradication
of Helicobacter pylori may be favorable to these diseases. Cinnamon oil has been found
by researchers to be one of the most effective inhibitors of Helicobacter pylori that facil-
itate the invasion and progression of cancer. Researchers have also found that cinnamon
extract has the ability to kill or inhibit the growth of gram positive as well as gram nega-
tive bacteria. Additionally, the methanolic extract of cinnamon bark significantly inhibit
the growth of Aspergillus niger and Candida albicans compared to aqueous and
chloroform extracts and was comparable with that of standard drug amphotericin [73].
Aspergillus niger and Candida albicans are fungus and at times can become pathogenic
in immunocompromised individuals.

2.4.4 Insulin Potentiating Activity

Compounds found in cinnamon have insulin-potentiating properties and may be
involved in the alleviation of the signs and symptoms of diabetes and cardiovascular
diseases related to insulin resistance and metabolic syndrome [74]. The aqueous extract
of cinnamon increases insulin sensitivity and less insulin is required to have larger insu-
lin effects. It seems that more of the aqueous extract of cinnamon is similar to adding
more insulin. People with metabolic syndrome have adequate amounts of insulin but
not efficient enough to perform body functions. Studies have suggested that the compo-
nents of cinnamon make insulin more efficient [75, 76]. Even the aqueous extract of
“spent cinnamon” (product that is left when cinnamon oil is removed) has the same
in vitro insulin-potentiating activity as extracts from the cinnamon before the cinnamon
oil is removed. Cinnamaldehyde has also been observed reducing glucose levels and
normalizing responses in circulating blood in animal models [77]. The cinnamic acid
improves glucose tolerance and potentially stimulates insulin production [78].

2.5 Toxicity of Overdose

High amount of coumarin present in cinnamon can damage liver tissues although no
such report has been published. High levels of coumarin did trigger cancer in exper-
imental rodents [15], though most of the valuable constituents of cinnamon are
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water-soluble, but certain oil-soluble compounds, particularly the anticoagulant
coumarin, are potentially harmful if taken in large quantities. This is why
supplemental cinnamon should be taken only as a water-soluble extract.

3 Conclusion

Many diseases, which were a challenge for the mankind and considered incurable, have
been successfully treated now, but the absolute and sustainable treatment of cancer has
yet to come. A variety of treatments of cancer are available with their merits and
demerits. Plant-derived products have always been a part of traditional folk medicine
and food additives. Recently their medicinal properties are under extensive investigation
and become a major part of complementary and alternative medicines. Plant-based
medicines are good as they are green, clean, and safe, and mostly they don’t produce
any side effect. Cinnamon is an evergreen plant, grown worldwide from Asia to Africa
and America to Australia. The inner bark of the plants is known as cinnamon stick and
is used as a spice in food preparation, both sweet and savory. It has exceptional culinary
and pharmaceutical properties. Cinnamon and its components possess strong
antioxidant, antibacterial, antipyretic, and anti-inflammatory properties, which play an
important role in tissue repair. Tumor cells are generally resistant to apoptosis; cinna-
mon can promote apoptosis of tumor cells and stop the cell cycle at the G1 phase.
Anticancer effect of cinnamon extract is mediated by apoptosis induction and blockade
of NFB and AP1. Hence it can be summarized that cinnamon and its components can
be explored to develop potent antitumor drugs for the treatment of diverse cancers.
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1 Introduction

Human life is greatly influenced by the quality and optimum quantity of food con-
sumed. One of the most important requirements for ensuring a healthy population is
to ensure balance diet. Broccoli (Brassica oleracea) is a member of Brassicaceae
family comes in the genus Brassica. The family involves a group of vegetables, such
as cauliflower, brussels sprouts, cabbage, and mustard [1]. The word broccoli means
“the flowering crest of a cabbage.” It has a large green flower head arranged in a
tree-like structure branched out from a thick edible stalk. Broccoli, the “Crown
Jewel of Nutrition,” is a winter season vegetable crop found along the Mediterranean
region and has been deemed as anti-cancerous food by the American Cancer Society
[2, 3]. It is a low-carb and highly valued vegetable which is quite popular among the
world for their edible inflorescences and fleshy stems [4]. The demand for broccoli
is increasing globally due to their potential health boosting components, such as
vitamins, minerals, dietary fiber, flavonol glycosides, hydroxycinnamic acids, and
sulfur-containing compounds (such as glucosinolates) [5, 6].

Epidemiological studies have shown that a high intake of vegetables and fruits
are correlated with a low risk of fatal diseases, like cancer due to their antioxidants
[7-9]. Cancer is the second leading cause of death and is becoming common
irrespective of age or gender. The process of cancer development is a consequence
of genetic alterations which is a multi-step process that leads to disruption of basic
biological functions and then to invasive carcinoma. It has been estimated that the
number of new cancer cases will be increased by 70% worldwide in the year 2030
[10-12]. As per the World Health Organization estimate, around 17.5 million cancer
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deaths are expected to increase in the world by 2050 [13]. The main types of cancer
include lung, stomach, colorectal, liver, and breast.

More than 30% of cancers are caused by behavioral, diet, and environmental
risks that have potential to modify and prevent. Currently, the interest in natural
antioxidants present in vegetables and fruits has been raised due to their reported
chemotherapeutic property. Epidemiological studies have also shown that
consumption of broccoli would help to decrease the risk of certain types of cancer.
This is generally attributed to its high content of beneficial phytochemicals [1, 6, 14,
15]. The aim of this chapter is to discuss the multiple biological activities of broccoli
and its potential chemopreventive and anticancer properties.

2 Nutritional Composition of Broccoli

The crown jewel of nutrition possesses most of the nutrients, such as vitamins, fiber,
minerals, pectin, and secondary metabolites [ 14, 16, 17]. The nutritional composition
depends on the vegetable’s developmental stages, variety, soil type, storage
conditions, and processing techniques. The edible portion of broccoli has high
moisture content (89.3 g/100 g broccoli). Broccoli is a low-carb vegetable
(2.3 g/100 g fresh broccoli) with total sugars 1.9 g/100 g fresh broccoli, whereas the
observed levels of carbohydrate and total sugars in cooked or boiled broccoli were
observed as 1.7 and 1.6 g/100 g, respectively. The other constituents include protein
(4.4 g/100 g fresh broccoli), fat (0.6 g/100 g fresh broccoli), and fiber (4 g/100 g
fresh broccoli). In boiled broccoli, the observed amounts of protein, fat, and fiber
were 3.3, 0.5, and 2.8 g/100 g, whereas the amounts in steamed broccoli showed
similar to that of fresh broccoli which were observed as 4.1, 0.5, and 3.8 g/100 g,
respectively. The amounts of reducing sugars, fructose and glucose were measured
as 1.2 and 0.7 g/100 g fresh broccoli [18, 19]. Broccoli also contains small amounts
of polysaccharides, such as pectin, hemicellulose, and starch [20]. Some of the
vitamins found are vitamin K (101.6 pg/100 g fresh broccoli) along with a low
amount of riboflavin (0.35 mg/100 g fresh broccoli), thiamine (0.15 mg/100 g fresh
broccoli), pantothenic acid (0.61 mg/100 g fresh broccoli), and vitamin B6
(0.21 mg/100 g fresh broccoli). In boiled broccoli, the measured amounts of vitamin
K, riboflavin, thiamine, pantothenic acid, and vitamin B6 were observed as
141.1 pg/100 g, 0.3 mg/100 g, 0.04 mg/100 g, 0.28 mg/100 g, and 0.19 mg/100 g,
respectively. Potassium and phosphorus are the two main minerals and the measured
amounts were 487 and 104 mg/100 g fresh broccoli [19]. The quantities of potassium
and phosphorus present in the boiled broccoli were found as 341 and 81 mg/100 g,
respectively.
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3 Phytochemicals in Broccoli

Plant products are valuable sources of natural phytochemicals, antioxidants, vita-
mins, and phenolic compounds which have been reported to give a promising and
positive impact on human health [21-23]. All these reasons, as identified, have led
to an increase in the recommended dietary intake of fruits and vegetables [24]. The
major phytochemicals present in broccoli are glucosinolates, phenolic compounds,
antioxidants, vitamins, and dietary essential minerals, which provide health benefits
beyond basic nutrition content [6, 15]. Tiveron et al. [25] reported the antioxidant
activity in broccoli by DPPH method and ABTS+, and reported values were 33.4
and 43 pmol Trolox/g dry-solids, respectively.

Total phenolic content was measured as 198.6 mg/100 g broccoli and it was par-
ticularly high for raw broccoli, whereas it was low for boiled or cooked broccoli.
The glucosinolate content of raw and boiled broccoli were measured as 61.7 mg/100 g
and 37.2 mg/100 g, respectively [19]. The prominent glucosinolates in broccoli are
glucoraphanin, glucoerucin, and glucobrassicin. Glucosinolates are glycoside
compounds stored in the intracellular vacuoles within plant cells. Idioblasts within
the plant cells contain the enzyme myrosinase. Upon broccoli cutting, chewing or
damages, myrosinase is released from the broccoli cells to hydrolyze glucosinolates.
Some of the hydrolyzed products are sulforaphane (SFN), erucin, and iberin [26].
SFN and erucin have attracted many researchers due to its promising chemopreventive
property [26-30]. The range of SFN in different cultivar of broccoli florets, stem,
and leaves was 63-982, 18-274, and 7-257 mg/kg dry-solids, respectively [31]. The
SEN and erucin of broccoli seeds were measured as 62—-1576 and 60-107 mg/kg,
respectively [32]. Luteolin (8.6 mg/100 g broccoli) and kaempferol (4.01 mg/100 g
broccoli) were the main flavonoids as reported in raw broccoli. The range of other
bioactive nutrients reported in broccoli was f-carotene (0.37-2.42 mg/100 g
broccoli), o-tocopherol (0.46-4.29 mg/100 g broccoli), glucoraphanin (0.8—
21.7 pmol/g dry weight), and indolyl glucosinolates (0.4—6.2 pmol/g dry weight)
[33]. Broccoli contains sufficient levels of vitamins A, C, and folate to meet the
recommended dietary intake (RDI). The total vitamin A, C, and total folate in raw
broccoli were 68 pg/100 g, 57 mg/100 g, and 75 pg/100 g, whereas in cooked
broccoli the levels were 62 pg/100 g, 58 mg/100 g, and 53 pg/100 g, respectively
[19].

4 Anticancer Effects as Evidenced from Cell Line Studies

Various types of human cancers are characterized by an uncontrolled cell growth.
The control of cell cycle progression and cell proliferation are maintained by a
balance between cyclins (proteins), cyclin-dependent kinases (Cdks) and
phosphatases (enzymes). One of the mechanisms involved in uncontrolled cell
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growth is caused by cancer-associated mutations, overexpression of cell cycle-
regulated protein, and loss of Cdk inhibitor expression [34].

Most chemopreventive agents are antioxidant in nature. Experimental evidences
of broccoli are promising since broad spectrum of genes and proteins causing cancer
growth and progression are suppressed. Extensive studies were performed to assess
the anticancer activity of broccoli and its therapeutic potential in various experimental
models. Hwang and Lim [35] studied the antioxidant and anticancer activities of
broccoli by-products from different cultivars and maturity stages at harvest. The
anticancer activities of 80% methanol extracts from different by-products were
assessed against NCI-H1299 (i.e., human non-small lung carcinoma) cell lines
using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. The result showed that the inhibition activity of cell NCI-H1299 growth was
highest in 80% methanol extracts (2 mg/ml) of florets, leaf stems, and stems from
Kyoyoshi (early-maturing crop) than those of Myeongil 96 (middle-maturing crop)
and SK3-085 (late-maturing crop). The cell growth inhibitory activity was observed
as 15.6, 9.9, and 8.6%, respectively. On the other hand, the extract of leaves from
Myeongil 96 showed the highest cell growth inhibition activity as compared to other
by-products against NCI-H1299 cell lines. The inhibitory activity of 80% methanol
leaf extract in Myeongil 96 was observed as 32.5%. The anticancer activities of
80% methanol extracts (2 mg/mL) of different by-products from different cultivars
were also measured against HT-29 (human colon adenocarcinoma) cell lines. The
leaves from all cultivars showed the inhibition of HT-29 growth. The cell growth
inhibitory activity in Kyoyoshi, Myeongil 96, and SK3-085 was observed as 11.6,
9.2, and 6.6%, respectively. This study concluded that the major factor that is
correlated with the anticarcinogenic activity against NCI-H1299 and HT-29 cell
lines was total phenolic components rather than SFN content.

The SFEN treatment caused an irreversible arrest in the G2/M phase of the PC-3
cell (i.e., human prostate cancer cell lines) cycle [36]. This study noticed that cell
cycle arrest induced by SFN (20 pM) was accompanied by a significant decrease in
the protein levels of cyclin B1, Cdc25B, and Cdc25C. Cdc25 is a dual-specificity
protein tyrosine phosphatase, which catalyzes dephosphorylation and activation of
cyclin-Cdk complexes through the removal of inhibitory phosphates. In prostate
cancer, Cdc25A, Cdc25B, and Cdc25C were increased in cancerous lesions as
compared to noncancerous lesions, and the levels were increased in higher Gleason
grade tumors. The decreased levels of protein and enzymes led to the accumulation
of Tyr-15-phosphorylated (inactive) cyclin-dependent kinase 1. SFN treatment also
resulted in a rapid and sustained phosphorylation of Cdc25C at Ser-216, which led
to its translocation from the nucleus to the cytoplasm because of increased binding
with 14-3-3f. Increased Ser-216 phosphorylation of Cdc25C upon treatment with
SFN was a result of activation of checkpoint kinase 2 (Chk2). Chkl and Chk2
kinases can phosphorylate and inactivate the various Cdc25 isoforms. Therefore,
Chk?2 inactivates Cdc25 and cyclinB/CDK complex leading to the arrest of cells in
G2/M phase. This same Chk2-dependent G2/M arrest was seen in the HCT116
human colon cancer cell line. These findings indicated that Chk2-mediated
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phosphorylation of Cdc25C played the major role in irreversible G2/M arrest by
SEN.

Qazi et al. [37] studied the anticancer activity of SFN in Barrett esophageal ade-
nocarcinoma cells (BEAC). Their study reported that SFN-induced both time- and
dose-dependent decline in cell survival, cell cycle arrest, and apoptosis. Exposure to
7 pM SFEN led to a complete cell death in BEAC cell lines tested, in a period of
3-5 days. A significant reduction in tumor volume was observed by SFN in a sub-
cutaneous tumor model of BEAC. Exposure to SFN at 5 uM showed antiprolifera-
tive activity, which killed 100% of OE33 cells in 3 days and 83% of FLO-1 cells in
5 days. The treatment with 3 uM SFN on FLO-1 cells led to 74% cell death in
5 days. At a concentration of 1 pM SFN, the activity was less effective and killed
54% of OE33 cells in 3 days and 39% of FLO-1 cells in 5 days. This anticancer
activity could be attributed to the induction of caspase 8 and p21 and downregulation
of hsp90, a molecular chaperon required for activity of several proliferation-
associated proteins. These data indicated that SFN, a natural product with antioxidant
properties from broccoli has great potential to be used in chemoprevention and
treatment of BEAC. Pledgie-Tracy et al. [38] examined the clinical potential of SFN
in human breast cancer cell lines. They showed that SFN treatment inhibited cell
growth, induced a G2-M cell cycle block, increased expression of cyclin B1, and
induced oligonucleosomal DNA fragmentation in four human breast cancer cell
lines examined (MDA-MB- 231, MDA-MB-468, MCF-7, and T47D cells).
Activation of apoptosis by SFN in MDA-MB-231 cells seemed to be initiated
through induction of Fas ligand, which resulted in activation of caspase-8, caspase-3,
and poly (ADPribose) polymerase, whereas apoptosis in the other breast cancer cell
lines was initiated by decreased Bcl-2 expression, release of cytochrome c into the
cytosol, activation of caspase-9 and caspase-3. SFN also inhibited the HDAC
activity and decreased expression of estrogen receptor-A, epidermal growth factor
receptor, and human epidermal growth factor receptor-2 in each cell line. Shivale
et al. [39] studied the antitumor activity of broccoli extract against two prolific
cancer cell lines, HeLa (i.e., human epithelial cervix carcinoma), and MCF-7 (i.e.,
human breast carcinoma). A decrease of fast growing cells with exposure to broccoli
extract showed a potential activity against tumors. Ullah [40] also mentioned the
positive effect of 25 pM dose of SFN treatment on the enzymatic activities of GST,
NQOI, aldo-keto reductase (AKR), and glutathione reductase (GR) through the
induction of phase II enzyme in several mammalian cancer cell lines: HepG2,
MCF7, MDA-MB-231, LNCaP, HeLa, and HT-29.

The ability of SFN to inhibit histone deacetylase (HDACs) enzymes could be
another mechanism by which it acts as a chemoprevention agent. HDACs and
histone acetyltransferase (HAT) enzymes have many crucial parts in the regulation
of gene expression, cell proliferation, cell migration, cell death, and angiogenesis.
The mechanism of histone acetylation depends on a balance between the enzymes
with histone acetyltransferase (HAT) activity and enzymes that deacetylate histones
(HDAC:S). The factors influencing this balance can contribute to cancer development
[40, 41]. Clarke et al. [42] showed that SFN treatment in prostate cellular models
(LnCap and PC3) reduced HDAC activity. Their study revealed that 15 pM SFN
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selectively induced cell cycle arrest and apoptosis in BPH1 (benign hyperplasia),
LnCap, and PC3 cells. SFN treatment also decreased HDAC proteins followed by
an increase in the acetylation of histone H3 at the p21 promoter and increased
tubulin acetylation in prostate cancer cells (specifically in hyperplastic and cancer
cells) which caused cell death.

The positive effect of SFN on HT29 human colon cancer cells was observed by
cell cycle arrest and apoptosis [43]. The SFN ranging from 5 to 50 pM inhibited
fetal calf serum induced cell growth and promoted cell cycle arrest in a dose-
dependent manner, followed by cell death. This cell cycle arrest was correlated with
an increased expression of cyclins A and B1. It was also demonstrated that SFN
induced cell death through apoptotic process. Pappa et al. [44] compared the cell
growth inhibitory potential of SFN, p-phenethyl isothiocyanate (PEITC), indole-3-
carbinol, and 3,3’-diindolylmethane on the p53 wild-type human colon cancer cell
line 40-16 (p53+/+) and its p53 knockout derivative 379.2 (p53—/—) (both derived
from HCTI116). Incubation with SFN, PEITC, indole-3-carbinol, or
3,3’-diindolylmethane at a concentration range of 0.4-50 pM led to a dose-
dependent inhibition of cell proliferation. The cell death program induced by all
four compounds could be attributed to caspase-9 activation and changes in the ratios
of pro- and anti-apoptotic Bcl-2-family proteins. Khoobchandani et al. [45] coated
gold nanoparticles with the phytochemicals of broccoli and studied in vitro
anticancer activities against prostrate (PC-3), breast (triple negative MDA-MB-231,
T47D, and SkBr3), and multiple myeloma (U266) cancer cell lines. They showed
that B-AuNPs (Broccoli gold nanoparticles) inhibited maximum cell growth against
cancer cell lines. Broccoli phytochemicals based gold nanoparticles showed
synergistic effect and excellent internalization of prostate (PC-3) and breast
(MDA-MB-231 and T47D) cancer cells when used at concentration of 25 and
50 pg/mL, respectively, with incubation time 18 h. It showed potent antiproliferative
action.

5 Anticancer Effects as Evidence from Animal Trial

The term “preventive medicine” is seeking attraction based on the concept that an
improvement in dietary pattern prevents diseases under stressful conditions. There
are various studies investigating the potential anticancer components in broccoli
and have developed a variety of products to contribute to preventive medicine.
Isothiocyanates (ITC), a breakdown product of glucosinolates, have been
demonstrated to inhibit certain types of cancer in animal studies. In that, SFN is one
of the main targeted ITC found in broccoli that has been found to prevent
carcinogenesis in animal by inducing detoxification enzymes. Zhang et al. [46]
observed the inhibitory effects of SFN and three types of norbornyl-ITC on rat
mammary cancer induced by 9,10-dimethyl-1, 2-benzanthracene (DMBA). They
showed that the incidence of cancer (i.e., tumor multiplicity) was markedly reduced
in rats treated with 150 pmol of SFN to 0.26 (i.e., total number of tumors/number of
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animals at risk) compared with 1.56 in the control. Norbornyl-ITC 2 showed potent
activity comparable to that of SEN, whereas norbornyl-ITC 3 and -4 showed lower
activity.

Suzuki et al. [47] studied the inhibitory effect of broccoli sprouts powder on
azoxymethane (AOM) induced colonic aberrant crypt foci (ACF). They showed that
broccoli sprout powder at a dose of 20 or 100 ppm for 4 weeks inhibited the
development of AOM-induced rat ACF. The number of ACF lesions in the treatment
groups administrated with broccoli sprout powder was significantly (p < 0.001)
lowered as compared to the group administrated with AOM alone. They have
concluded that SFN might have induced phase II detoxification enzymes thereby
inhibiting the production of free radicals, thus inhibited the carcinogenesis in the
colon. Similar result was also reported by Chung et al. [48]. Another study showed
that pretreatment of A/J mice with phenethyl isothiocyanate for 96 h at a daily dose
of 5 or 25 pmol inhibited lung tumor multiplicity induced by a single 10 pmol dose
of 4-(methylnitrosamino)-1-(3-pyridyl)- I-butanone (NNK) by approximately 70 or
97%, respectively [49]. Keum et al. [50] studied the prostate chemopreventive
activity of broccoli sprouts. They showed that transgenic adenocarcinoma of mouse
prostate mice fed with 240 mg broccoli sprouts/mouse/day demonstrated a
significant retardation of prostate tumor growth. The western blot analysis revealed
that expression levels of Nif2, HO-1, cleaved-Caspase-3, cleaved-PARP, and Bax
proteins were increased. Finley et al. [51] studied the protective ability of high-
selenium (Se) broccoli or high-Se broccoli sprouts against chemically induced
mammary or colon cancer. Sprague-Dawley rats that consumed high-Se broccoli
(3 pg of Se/g) had significantly reduced mammary tumors than rats fed with 0.1 pg
of Se as selenite with or without the addition of regular broccoli. Fisher F-344 rats
fed with 2.0 pg of Se/g of diet supplied as either high-Se broccoli florets or high-Se
broccoli sprouts had significantly lower aberrant colon crypts than rats fed with 0.1
or 2 pg of Se/g of diet supplied as selenite with or without the addition of low-Se
broccoli.

Qazi et al. [37] studied the anticancer activity of broccoli derivative, SFN in
Barrett adenocarcinoma. This study showed that the mice treated with SFN
(0.75 mg) significantly reduced the tumor size as compared to control mice. Another
study showed that mice treated with a single oral dose of 10 pmol SEN significantly
inhibited HDAC activity in the colonic mucosa and suppression of tumor
development in APC™" mice (i.e., mouse model of multiple intestinal neoplasia
with APC gene mutation) [52]. Smith et al. [53] showed the inhibition of
dimethylhydrazine (DMH)-induced ACF and induction of apoptosis in rat colon
followed by the oral administration of the glucosinolate sinigrin. The level of
apoptosis was significantly higher in DMH-treated rats administrated with sinigrin
(400 pg/g diet) as compared to control (P < 0.05), and the numbers of ACF were
significantly lower in sinigrin-treated rats (p < 0.001). Balansky et al. [54] studied
the prevention of cigarette smoke-induced lung tumors in mice by PEITC and
N-acetylcysteine. Exposure to cigarette smoke resulted in a high incidence and
multiplicity of benign lung tumors and significantly increased malignant lung
tumors and other histopathological alterations in neonatal mice. The treatment with
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PEITC (1000 mg/kg diet) and N-acetylcysteine (1000 mg/kg body weight)
considerably decreased both the incidence and multiplicity of lung tumors. Conaway
et al. [55] showed the chemopreventive activity of PEITC, sulforaphane, and their
N-acetylcysteine conjugates during progression of lung adenomas to malignant
tumors in A/J mice. The incidence of lung adenocarcinoma in the 3 pmol/g diet
PEITC group and 8 pmol/g diet PEITC-N-acetylcysteine groups was reduced from
19 to 13%, respectively, when compared to carcinogen-treated control group (42%).
The lung tumor incidences in groups treated with SEN-N-acetylcysteine (i.e., 4 and
8 pmol/g diet) were also significantly reduced to 11 or 16%. Furthermore, the
malignant lung tumor multiplicity was significantly reduced from 1.0 tumor/mouse
in the carcinogen-treated control group to 0.3 in the SFN low-dose group
(1.5 pmol/g), 0.3 and 0.4 in the two SFN-N-acetylcysteine groups (4 and 8§ pmol/g),
and 0.4 in the PEITC high-dose group (3 pmol/g). The malignant tumor multiplicities
inother treatment groups (PEITC-N-acetylcysteine, 4 and 8 pmol/g and sulforaphane,
3 pmol/g) were also reduced (0.5-0.8 tumors/mouse), but not significantly. Gills
et al. [56] showed that SFN (I, 5, 10 pmol/mouse) significantly inhibited
7,12-dimethylbenz(a)anthracene/12-O-tetradecanoylphorbol ~ 13-acetate (TPA)-
induced mouse skin tumorigenesis. Another study showed that 6-phenylhexyl
isothiocyanate (640 mg/kg diet) inhibited AOM induced colon tumors in male F344
rats. The apoptotic index in colonic mucosa of rats fed with 6-phenylhexyl
isothiocyanate diet was 7.0%, when compared to control rats (8.3%) [57]. Izzotti
et al. [58] showed that dietary PEITC (i.e., 500 mg/kg diet) significantly reduced
tobacco smoke-induced DNA adducts in BAL cells, tracheal epithelium, lung, and
heart; oxidative DNA damage (8-hydroxy-2’-deoxyguanosine [§-OH-dG]) in lung;
hemoglobin adducts; and cytogenetic damage in alveolar macrophages and
polychromatic erythrocytes from bone marrow of Sprague-Dawley rats exposed to
a mixture of mainstream and side stream tobacco smoke for 28 days.

Munday et al. [59] studied the inhibition of urinary bladder carcinogenesis by
broccoli sprouts. They observed that there was a significant and dose-dependent
inhibition of bladder cancer development by the administration of freeze-dried
aqueous extract of broccoli sprouts. They also showed that the extract inhibited the
incidence, multiplicity, size, and progression of bladder cancer. The extract caused
the induction of glutathione S-transferase and NAD(P)H:quinine oxidoreductase
1 in the bladder, which are protectants against oxidants and carcinogens. Cornblatt
et al. [60] studied the chemopreventive action of SFN in 10-week-old female
Sprague-Dawley rat mammary gland. They showed that a single oral dose (i.e.,
150 pmol) of SFN showed a threefold increase in the NQOI enzymatic activity and
4-fold elevated immune staining of HO-/ in the rat mammary epithelium, which
provided a strong evidence of pharmacodynamics action of SFN. Another study
reported by Chen et al. [61] showed that dietary broccoli diminished the development
of fatty liver and liver cancer in 4 weeks old male B6C3F1 mice induced with
diethylnitrosamine. The mice fed with broccoli exhibited low hepatic triglycerides,
non-alcoholic fatty liver disease (NAFLD) scores, decreased plasma alanine
aminotransferase, suppressed activation of hepatic CD68+ macrophages
(P <0.0001), and reduced the initiation and progression of hepatic neoplasm.
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6 Clinical Trials

The clinical trials on the positive effects of SFN or isothiocyanates against cancer
are very limited due to lack of suitably formulated agents for oral administration,
regulatory issues requiring investigational new drug application submission and
approval from the Federal Drug Administration. The complexities associated with
primary prevention clinical trials requiring thousands of subjects and years of
follow-up to draw meaningful conclusions [62]. However, a few pilot and phase 1
human SFN trials have been examined. Experimental studies have shown that SFN
and its metabolites act as HDAC inhibitors. Clinical trials are pointed at
demonstrating the chemotherapeutic efficacy of HDAC inhibitors, based on
evidence that cancer cells undergo cell cycle arrest, differentiation and apoptosis
in vitro, and tumor volume and/or tumor numbers may be reduced in animal models.

Kensler et al. [63] conducted a placebo-controlled, randomized chemopreven-
tion trial in 200 healthy adults, and consumed hot drinking water infused with 3-day
old sprout extracts with defined concentrations of glucosinolates (400 or <3 pmol
glucoraphanin) for 2 weeks. Administration of broccoli sprouts containing
glucosinolates led to a non-significant reduction in urinary excretion of aflatoxin-/N-
guanine. An insignificant reduction in trans, anti-phenanthrene tetraol, a metabolite
of the combustion product phenanthrene, was also observed in the urinary excretion.
This study concluded that reduction in the excretion of frans, anti-phenanthrene
tetraol supports the action of sulforaphane on inducing phase 2 enzymes in the study
participants. Cornblatt et al. [60] studied the clinical observation of SFN for
chemoprevention in the breast cancer. A single oral dose of broccoli sprouts
containing 200 pmol of SFN to eight healthy women undergoing reduction
mammoplasty showed the presence of dithiocarbamate (DTCs, SFN metabolites) in
the breast tissue. The DTCs concentration was observed as 1.45 pmol/mg in the
right breast and 2.00 pmol/mg in the left, approximately 100 min after ingestion.
They also measured the detoxification genes, NQO! and heme oxygenase-1 (HO-1)
transcripts, as well as NQO/ enzymatic activity in human breast tissue. This study
concluded the pharmacodynamics action of SFN in the breast tissue. Cipolla et al.
[64] studied a double-blinded, randomized, placebo-controlled multicenter trial
with SFN in 78 patients (i.e., mean age, 69 + 6 years) with increasing prostate-
specific antigen (PSA) levels after radical prostatectomy. This study was designed
todetecta0.012 log (ng/mL)/month decrease in the log PSA slope in the sulforaphane
group from baseline to 6 months (MO to M6). The mean changes in PSA levels
between M6 and MO were significantly lower in the SFN group (+0. 099 + 0.341 ng/
mL) than in placebo (+0.620 + 1.417 ng/mL; p = 0.0433). This study confirmed that
daily administration of SFN promised in managing biochemical recurrences in
prostate cancer after radical prostatectomy.
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7 Conclusion

Cancer is a multifaceted disease spreading across the world that impacts morbidity
and mortality. Lifestyle changes can potentially eliminate or control the occurrence
of types of cancer. In this chapter, we have summarized and discussed the potential
role of broccoli and its phytochemical components in cancer chemoprevention.
Collective data from various epidemiological, in vitro, in vivo animal models and
clinical studies demonstrated an inverse relationship between broccoli intake and
cancer risk. The bioactive components especially SFN and other isothiocyanates
present in broccoli have shown to inhibit cancer initiation and progression by
interfering with multiple cellular targets and mechanisms. However, further clinical
studies are required to confirm the cancer preventing and treating efficacy of
phytochemicals present in broccoli. Consumption of broccoli as such may be
difficult and hence extraction of bioactive components from broccoli and conversion
into various formulations is the alternative and challenging since the extract is
hygroscopic in nature. Hence, proper care should be taken for a longer shelf life.
Formulations of pure isothiocyanates for clinical investigations are limited.
Advances in genotyping and biomarker technologies, combined with maturing large
studies of diet and biomarkers in humans would be fundamental in moving the field
of diet and cancer further. SFN itself may not be the only important bioactive
component to protect against tumor formation. Hence, further investigation is
needed to explore the mechanisms of broccoli and its active components in the
protection against cancer. In summary, broccoli derived bioactive components is a
promising agent for supplemented chemopreventive product.
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1 Introduction

Today, millions of people are living with cancer or have had cancer. The risk of
developing most types of cancer can be reduced by changes in a person’s lifestyle
or by adopting primary intervention strategies. Often, the sooner a cancer is found
and treatment begins, the better are the chances for living for many years. Cancer is
a disorder of cell proliferation and it is the leading global cause of death. Cancer
research has traditionally focused on allocating bioactive components for the cancer
prevention by eliminating cancerous cells and cellular carcinogenesis metabolites.
Carcinogenesis is a multistage process that is distinguished with two steps; the first
step is called initiation that occurs when cells are exposed to cancer-producing
agents, which damage the cell’s deoxynucleic acid. The second step is called pro-
motion which occurs when the cancerous cells divided subsequently, and this post
ignition step is characterized by neoplasia and DNA adducts formation. Cancer
morbidity and mortality afflicts both genders, and at a global level, there are about
945,000 new cancer cases and 620,000 death cases annualy.

The field of complementary and alternative medicine has focused on the use of
botanical medicines and nutritional therapies, such as antitumor bioactive agents in
food and other natural products. Garlic is a commonly worldwide used food, and it
is known for its antibacterial, anticarcinogenic, hypolipidemic, hypoglycemic, anti-
fungal, and anti-atherosclerotic properties. Increasing evidence suggests that garlic
consumption constituents are significantly decreasing cancer risk. Recently, garlic
supplements protect against chemically induced carcinogenesis and oxidative stress
in human-based clinical trials. This chapter provides in-depth molecular
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understanding of the specific mechanisms by which garlic acts as an effective
dietary intervention for cancer prevention and therapy.

2 Medicinal Aspects of Allium Foods

Garlic (Allium sativum L.) along with onions, leeks, and chives represent the major
allium foods that are known for centuries for their medicinal properties and have
been used in many different centuries for human chronic disease treatment. Garlic
is among the oldest of all cultivated plants being used as a food, having a unique
taste and odor along with some medicinal qualities [1]. Folk medicine has continued
to advocate garlic as an immune-stimulating dietary bioactive agent. Epidemiological
studies have reported that high intake of allium vegetables were associated with a
lower risk of stomach cancer [2]. It was observed that stomach cancer mortality was
13 times lower among cancer patients who consumed 20 g garlic per day than those
who consumed 1 g garlic per day [3]. The Iowa Women’s Health Study including
41,837 women showed the link between a high intake of garlic and a 3% reduced
risk of colon cancer [4]. It was observed that a study of male health professionals in
Shanghai, China, had lower risk of colon cancer with a consumption of garlic (two
servings per week) as compared with that of nonconsumers of garlic [5]. A recent
study reported that a diet rich in allium vegetables (10 g per day) reduced the risk of
prostate cancer as compared with those men who consumed less than 2 g allium
vegetables/day [6]. However, the data for other types of cancers were inconsistent
and inconclusive.

3 Anticancer Effects of Garlic

Garlic (Allium sativum) and its organosulfur components have been shown to have
anticancer properties. Human clinical studies have documented that the risk of
stomach, colon, and prostate cancer has been decreased with garlic consumption
[7]. Experimental models of cancer provided strong evidence that garlic and its
organosulfur components are effectively inhibiting cancer development in human
cultures cancer cells, including breast, colon, skin, and lung cancers [8—10]. Garlic
contain 33 different organosulfur compounds in addition to 17 amino acids, vita-
mins, and micronutrients [11]. The allyl sulfur compounds formed by alliinase
enzymatic activity when garlic is minced or crushed, such as allicin, water-soluble
S-allylmercaptocysteine (SAMC) and S-allylcysteine (SAC), oil-soluble diallyl sul-
fide, (DAS), diallyl disulfide (DADS), and diallyl trisulfide (DATS), are accountable
for the anticancer effects of garlic [12]. The characteristic odor of garlic is mainly
from allicin and other oil-sulfur components which also contribute to cancer pre-
vention by inhibiting the proliferation of human breast and gastric cancer cells [13,
14].
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Yang et al. [15] reviewed the beneficial effects of the supplement of hydrogen
sulfite in great significance for the treatment of diseases, such as cancer, glycometa-
bolic disorders, and diabetes. They identified different methods including garlic as
a source. Garlic is rich in sulfur-containing compounds and can be considered as an
active hydrogen sulfite pool. Allicin (diallyl thiosulfinate) is commonly character-
ized in garlic. In aqueous solutions allicin decomposes to a number of reactive
sulfur-containing compounds, including diallyl sulfide (DAS), diallyl disulfide
(DADS), diallyl trisulfide (DATS), S-allylmercaptocysteine (SAMC), and
S-allylcysteine (SAC), and these can release hydrogen sulfite in different manners
[1, 16]. Inactivation of alliinase by heating prevented the formation of allyl sulfur
compounds in garlic and blocking the garlic ability to inhibit carcinogenesis.

Previous studies have shown that SAMC inhibits growth, arrest cells at G2/M
phase of the cell cycle, and induces apoptosis in a variety of cancer cell lines [17].
Further studies revealed that SAMC and SAC are associated with microtubule depo-
lymerization and induce cleavage of pro-caspase-3 and poly(ADP-ribose) poly-
merase associated with inhibition of cancer cells growth, indicating their efficiency
in chemoprevention of cancer [18]. A high concentration of SAC inhibited the pro-
liferation of melanoma cells [19]. Pretreatment of cancer cells with SAC signifi-
cantly reduced the incidence of cancer by increasing cyclooxygenase-2 inhibition,
heme oxygenase-1 induction, and histone deacetylation inhibition [20]. SAC pro-
tect against carcinogenic-induced DNA adducts in a mechanism that involves the
activation of phase II drug-metabolizing enzymes, glutathione-S-transferase and
UDP-glucuronosyltransferase [21]. SAC prevents the formation of DNA adduct,
which is a reliable marker for carcinogenesis based on the fact that cancer patients
have significantly high level of DNA adduct as compared to negative controls [22].

Recent studies indicate that SAMC is a substrate for mitochondrial aspartyl ami-
notransferase; this reaction liberates pyruvate with the apparent concomitant forma-
tion of allyl mercaptan metabolites which might play a positive role in the
antiproliferative properties of SAMC [23]. Other mechanisms might also be
involved in the anticancer effects of SAMC and SAC which include the activation
of extracellular signal related kinase phosphorylation during the entry of cells into
the M phase with subsequent arrest of cells in this phase [24]. Also SAMC and SAC
inhibit p34cdc2 kinase activity which is required for the G2/M phase of cell cycle
progression [25]. The esophageal-gastric junction adenocarcinoma (AEG) is an
aggressive tumor with high incidence and dismal prognosis, and 5-year survival rate
still remains low. Yin et al. [10] demonstrated that DADS inhibited cell viability of
OE19 cells and nontoxic doses of DADS were <10 pg/mL for a 24-h treatment.
They observed that nontoxic doses blocked the metastasis of OE19 cells by sup-
pressing MMPs, increasing u-PA and TIMPs, as well as altering the balance of
MMPs/TIMPs. This was the result of suppressing NF-kB and PI3K/AKT signaling
pathways.

Jurkowska et al. [26] observed the inhibition of proliferation of cancer cells
(US7MG and SH-SY5Y U87MG cells) by DATS. They suggested that DATS can
function as a donor of sulfane sulfur atom, transferred by sulfurtransferases, to sulf-
hydryl groups of cysteine residues of Bcl-2 and reduced the active form of Bcl-2 by
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S-sulfuration. In addition, DATS acts as an antioxidant protein. It was observed that
DATS regulates multiple cancer hallmark pathways including cell cycle, apoptosis,
angiogenesis, invasion, and metastasis and suggested that it could be used as a can-
cer chemopreventive agent.

Zhu et al. [17] observed that S-allylmercaptocysteine (SAMC) (i.e., water-
soluble organosulfur garlic derivative) suppressed tumors. They observed that
SAMC suppressed human gastric cancer SGC-7901 cells when inoculated subcuta-
neously in BALB/c nude mice. The mice were treated with SAMC for 30 days when
tumor was grown a specific size. It was observed that the growth was delayed and
suggested that this activity may arise from its effects on the caspase activation and
modulation of MAPK and PI3K/Akt signaling pathways.

Talib [27] studied the combined effects of garlic and lemon extract on the cancer-
tumor (EMT6/P breast cancer cells). They observed that both extracts act synergisti-
cally against breast cancer in mice and 80% treated mice was cured. The inhibition
was due to the angiogenesis, induced apoptosis, and systemic activation in the
immune system. Wei et al. [28] observed that DATS dose-dependently inhibited
HIF-1a transcriptional activity and hypoxia-induced hematogenous metastasis of
MDA-MB-231 cells; thus efficient inhibition of HIF-1a expression was required for
DATS to resist breast cancer. In another study, a total of 22 stabilized thiosulfinate
derivatives were synthesized and screened for their in vitro antiproliferative activi-
ties against drug-sensitive (MCF-7) and multidrug-resistant (MCF-7/Dx) human
adenocarcinoma breast cancer cells [13]. Seven compounds showed greater antipro-
liferative activity against MCF-7/Dx cells than allicin as observed from cell death,
apoptosis, cell cycle progression, and mitochondrial bioenergetic function assays.
These compounds were also selective towards multidrug-resistant (MDR) cells,
altered cellular morphology and arrested the cell cycle at the G2/M phase.

4 Bioavailability of Garlic-Derived Compounds

Garlic-derived compounds are promising in the field of cancer prevention; however,
their use in dietary intervention needs to clearly identify their bioavailability and
pharmacokinetic. Allicin is rapidly metabolized both in vivo and in vitro, and could
not be detected in human serum or urine [29]. Similarly, SAMC was not detected in
human fluids (urine and blood) even after a large oral dose, but its sulfate metabo-
lites were detected in the liver tissue [30]. The pharmacokinetic of SAC was well
known, as it was rapidly absorbed in the intestine and was distributed mainly in
blood, liver, and kidney [29].
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S Garlic as a Phytochemical Agent

Phytochemicals are nonnutritive components in plants that have beneficial health to
human. Organosulfur compounds (such as allyl sulfides) in garlic are among these
phytochemicals, and numerous cell culture and experimental studies revealed the
protective effect of organosulfur compounds against the initiation and progression
phases of carcinogenesis [31]. It is well documented that allyl sulfur compounds
inhibited Phase I drug-metabolizing enzymes and suppressed carcinogen bioactiva-
tion [32]. In addition, these compounds exert their antiproliferative effects in cancer
cells through impairing cell cycle progression, induction of apoptosis, modulation
of signal transduction pathways, and altering profiles of gene expression [33]. Allyl
sulfides act as antioxidants and scavenge free radicals, and thereby protecting DNA
from oxidative damage and maintain genomic stability [34]. Taken all together,
these effects contribute positively for the primary prevention of cancer specifically
by preventing the formation of mutant cells and blocking the initiation stage of car-
cinogenesis, as well as eliminating damaged or mutated cells by induction of
apoptosis.

6 Conclusion

The most important evidence that garlic is reducing the risk of cancer is based on
epidemiological studies. Garlic is with potent antioxidant and anticancer properties;
this synergistic effect was effective in reducing the risk of different types of cancers
even though it was most effective in gastrointestinal tract cancers. The mechanism
of cancer prevention has not been determined, although there is a possibility for
induction of liver detoxification enzymes, suppressing mechanisms of cancerous
cells growth, or DNA repair mechanisms.
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1 Introduction

Environmental toxins and oxidizing agents are the common causes of oxidative
stress in different biological systems. Oxidative stress is a common etiological
factor of cancer in different human organs, and the oxidative stress-mediated
carcinogenesis includes activation of oncogenic transcription factors, inhibition of
antioxidant enzymes (catalase, glutathione-S-transferase, glutathione peroxidase,
and superoxide dismutase), and depletion of glutathione, the major cellular
antioxidant. Clinical studies continue to support the notion that different beehive
products (honey, pollen, propolis, royal jelly, and venom) supplementation combats
cancer development based on their antioxidant and health properties.

2 Beehive Products and Cancer

Apitherapy is known as the use of bee products in the treatment and prevention of
diseases. The use of natural products and their active compounds in the treatment of
various ailments is based majorly on traditional medical experiences in various
ethnic communities in addition to epidemiological observations [1]. Beehive
products have been used in traditional medicine from ancient time. Bioactive
compounds found in raw content, crude extracts and purified bioactive substances
found in them have been seen to exhibit several biological activities, such as
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antioxidant, anti-inflammatory, and antimicrobial activities [2]. Bees have thrived
worldwide in various localities, for more than 125 million years. The success in the
use of bee products as a treatment is due to the different chemical compounds which
they synthesize by themselves, such as honey, beeswax, royal jelly, propolis, bee
venom, and pollen [3].

Apitherapy in which apis referred as a Latin word meaning bee is the treatment by
using bee products including bee venom, propolis, and honey for disease treatment
or prevention. Also, it can be defined as the science of using honeybee products, in
maintaining health and assisting the person health. Beehives’ products are currently
used as dietary natural products and traditional medicine in the files of cancer [4].

2.1 Honey

Honey is a natural product made by honeybees (Apis mellifera) from secretions of
plants and the nectar of blossoms or a combination of both. It has both enzymatic
and non-enzymatic antioxidant activities [5]. It is commonly used as sweetener. It
contains about 181 compounds and is primarily a mixture of sugars, the fructose
(38%) and glucose (31%) are the most important and the moisture content is about
17.7%, total acidity 0.08%, and ashes constitute 0.18% [6]. It is well recognized as
a supersaturated solution that in addition to sugar it also contains little amount of
other compounds such as proteins, vitamins, organic acids, minerals, phenolic com-
pounds, flavonoids, and enzymes (catalase, glucose oxidase, peroxides).

According to climatic and geographical conditions, different types of honey con-
tain variety range of phytochemicals involving phenolic acids and polyphenols,
which play a role as antioxidants. Modern studies have relived that the biological
activities of honey are due to its polyphenolic contents, which are antiproliferative,
antimicrobial, anti-inflammatory, and antioxidant activities [6]. There is a variation
in the color of the honey collected by the bees due to the geographical origin and the
mineral content, which often ranges from dark amber to water white. Honey flavor
is dependent upon its color, commonly honey darkness is referred to the stronger
quality and flavor [7].

Honey health advantage in the treatment of various diseases is related to its
diverse phytochemically active compounds, specifically phenolic and flavonoids
compounds. Several phenolic and flavonoids compounds have been found in honey,
among them are caffeic acid, kaempferol, ferulic acid, pinobanksin, naringenin,
pinocembrin, apigenin, genistein, vanillic, hesperetin, quercetin, gallic acid, ellagic
acid, p-coumaric acid, luteolin, chrysin, and syringic acid. These compounds found
in honey are commonly known to induce antitumor, anti-inflammatory, antiprolif-
erative, antioxidant, anticancer, and antimetastatic biological effects. Thus, the inhi-
bition role of honey against cancer cells and tumors can be attributed to the
occurrence of these phenolic acids and flavonoids [8].

For centuries, honey has been used for its health and medicinal properties. It is
rich in different types of phytochemicals with higher content of flavonoid and phe-
nolic compounds which is related to its high antioxidant activity. Substances that
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induce strong antioxidant properties may have a preventive effect against the devel-
opment of cancer as oxidative stress and free radicals help in inducing the formation
of cancers. The phytochemicals in honey can be referred to as polyphenols and
phenolic acids. Varity of polyphenols present in honey are known to have antiprolif-
erative action against different types of cancer [9]. Researches about the effective-
ness of crude honey in cancer are few. New researches have been conducted that
illustrate the honey possesses apoptosis inducing capability.

Honey is used to induce apoptosis in patient colon cancer cells by stopping the
cells at G1 phase. It was shown that honey having higher tryptophan and phenolic
quantity was more powerful in the inhibition of the colon cancer cell proliferation.
It was also illustrated that honey induced apoptosis was aid with PARP cleavage and
Caspase-3 activation [10]. Honey has an antitumor activity similar to the chemo-
therapeutic drugs such as 5-fluorouracil and cyclophosphamide. Reports about anti-
cancer effectiveness of honey range starting from tissue cultures and animal models
to clinical trials. Polyphenols present in honey are proved as the major factors
responsible for the anticancer action [8].

2.2 Pollen

Bee pollen grains are known as the male reproductive section of seed-bearing plants
which consist of variety of nutrients and phytochemicals. Since ancient times, indi-
viduals around the world consume pollens to treat premature aging, anemia, flu,
colds, colitis, and ulcers. It is now well reported that many bee pollen secondary
metabolites have an effective health benefits [9]. Bee pollen is considered as apicul-
tural product made for human diet because of its nutritional content. Its main con-
tent involves carbohydrates, fats, lipids, ashes, minerals, and vitamins, and
flavonoids, which is known for its protection properties [10]. For bee survival, pol-
len grains are important as a major source of proteins. At the time of collecting trips,
bees pack pollen grains from the flowers into pollen pellets on their hind legs with
the support of many hairs and combs. Then, the pollen is stored inside the hive indi-
vidually away from the nectar cells [11]. The antioxidant properties of bee pollen
are very high and corresponded with the phenylpropanoid level; this notion is sup-
ported by a study in which different species of bee pollen have been investigated
that showed great differences in the hydroxyl radical-scavenging activity and in the
radical-scavenging activity [12].

2.3 Propolis

Propolis is defined as a resinous substance gathered by bees from the bark of trees
especially conifer trees and the leaf buds. Propolis is used by bees in addition to
bees wax to build their hives and in the defense of the bee community, strengthening
and coating the inner walls of the hive [13]. Moreover it is used in covering cracks
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and holes and to repair combs, reducing the microbial growth on the walls of the
hive, avoiding insect invasions, and preventing water and wind from going inside
[14]. It is constructed as a gum secretion collected by bees from different plants, and
can differ in color depending on the origin of plant species [15]. The process of col-
lection of propolis from reddish resinous exudates of D. ecastophyllum by
Africanized Apis mellifera involves first secretion of reddish exudates from a hole
in a branch of the tree, collecting the reddish exudates and passing the collected
exudates to the hind leg to make propolis [16]. Propolis resinous bee product is used
recently worldwide, and a number of biological actions have been investigated,
involving antioxidant, anti-inflammatory, anticancer, antifungal, and antibiotic
activities (please see your whatsapp). This biological action of propolis is related to
the natural active chemical compounds, such as phenolic acid and their esters, fla-
vonoid, aglycones, polyphenols, caffeic acid and their esters and phenolic ketones
and aldehydes [17]. In fact, the major constituents of propolis are fatty, aromatic,
and aliphatic acids, sugars, terpenes, alcohols, esters, and flavonoids [18].

Clearly, propolis resulted by the water extraction consists of carbohydrates,
organic matter, and amino acids that do not exist in the ethanol extraction. Propolis
obtained by water extraction is commonly used as a cosmetics or food additive,
because there is lower olfactory stimulation. Its main components are cinnamic acid
derivatives and caffeoylquinic acid derivatives, and regarding on how the quality is,
antibacterial activity can be established in variety of samples [19]. In nature, propo-
lis consists of 50% resin and vegetable balsam, 30% wax, 10% essential and aro-
matic oils, 5% pollen, and other constituents [20].

Propolis helps in decreasing the chance and multiplicity of mammary carcino-
mas, suppressing tumor growth in a malignant tumor cell line, showing antitumor
impact in mature mice-bearing Ehrlich carcinoma and preventing renal carcinogen-
esis enhanced by ferric nitrilotriacetate in mice. The major important components of
propolis are flavonoids and phenolic acid, cinnamic derivatives involving caffeic
acid phenyl esters (CAPE), as propolis and CAPE have similar pharmacological
properties involving anticancer impact against liver, mammary, and renal carcino-
genesis. Moreover, CAPE have a chemopreventive impact on human colon adeno-
carcinomacell growth, induces carcinogen biochemical alterations, and preneoplastic
lesions in rat colons [21].

Propolis has an antioxidant capacity that is related to its biological roles, involv-
ing chemoprevention. The main active compounds of water-extracted propolis were
ranked in order caffeic acid, artepillin C, drupanin. The scavenging impact of caf-
feic acid was as effective as those of trolox, but stronger than those of vitamin C or
N-acetyl cysteine [22]. There are synergistic and cooperative mechanisms between
propolis and its polyphenolic compounds in the protection against reactive oxygen
species-induced damage [23]. The effect of water-soluble propolis on tumor growth
has concluded that the orally administered water-soluble propolis is significantly
inhibiting the growth of transplanted tumors in animal models [24].

In vivo studies show that propolis can enhance antioxidant capacity in humans
and animals, resulting in decrease of lipid peroxidation, which is highly linked with
the risk of cancer, and the propolis antioxidant activity was attributed to its content
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of phenolic acids, flavonoids, amino acids, steroids, terpenes, ketones, and alde-
hydes [25]. The flavonoids found in propolis are potential antioxidants, have the
ability of scavenging free radicals and thereby have the ability in protecting the cell
membrane versus lipid peroxidation. Cellular reactive oxygen species results in cel-
lular damage and cancer development, and different compounds found in propolis
have been suggested to have a potential inhibition ability against various reactive
oxygen species [26]. Even though there is high variation in the composition of prop-
olis, one of its main components, CAPE, helps in blocking reactive oxygen species
production in many systems.

2.4 Royal Jelly

Royal jelly is a viscous and white jelly-like structure form of mandibular and
hypopharyngeal gland secretion from the bee’s worker. It is commonly referred as
a “superfood” that is known to be consumed by the queen bee. Royal jelly is also
consumed by the honeybee larvae upon hatching and helps to nurture the brood.
Royal jelly is known to be used as a dietary nutritional mixture and its benefit to
help combat different chronic health conditions. Moreover, many pharmacologi-
cal actions such as antitumor, antibacterial, immunomodulatory, anti-inflamma-
tory, and anti-allergy effects have also been established [19]. The exclusive food
of the queen honeybee (Apis mellifera) larva is royal jelly. The chemical composi-
tions of royal jelly consist of (50-60%) water, (18%) proteins, (15%) carbohy-
drates, (3—6%) lipids, (1.5%) mineral salts, and vitamins in addition to a large
number of bioactive compounds including 10-hydroxyl-2-decenoic acid with
immunomodulation properties, antibacterial fatty acids, protein, and peptides.
Also, the royal jelly showed significant enhancement in the recovery from 5-fluo-
rouracil-induced damage [6]. Royal jelly has shown remarkable antioxidant prop-
erties against different cancer cell lines such as colorectal (Caco-2), liver
(HeP-G2), and breast (MCF-7) cancer cell lines [26].

2.5 Venom

Recent pharmacological reports suggested that bee venom has antitumor impacts by
improving tumor cell apoptosis, inhibiting angiogenesis and migration, and block-
ing tumor cell growth. Bee venom is known as a complex mixture of substances that
help the bee colony in defending against a wide variety of predators involving
arthropods and vertebrates. It is produced from the venom gland presented in the
abdominal cavity and it consists of many biologically active peptides, involving
mast cell degranulating peptide, adolapin, melittin, apamin, and several other
enzymes, in addition to non-peptide constituents, such as dopamine, phospholipase
A, (PLA,), norepinephrine, and histamine. Traditionally, bee venom has been con-
sumed by patients as a nonsteroidal anti-inflammatory drug for relieving their pain
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and for treating many chronic inflammatory diseases, including multiple sclerosis
and rheumatoid arthritis, in addition to the treatment of tumors [27]. Bee venom
therapy is known as applied therapeutic method of honeybee venom for treating
different diseases. It has been applied as a traditional medicine in the treatment of
various health conditions, such as cancerous tumors, back pain, skin diseases, rheu-
matism, and arthritis. Bee venom consists of nearly 18 active compounds, involving
peptides, biogenic amines, and enzymes, which have various pharmaceutical bene-
fits. It might alter the immune system work in the body and is related to the enhanced
production of cortisol [27].

The neurotoxic and vasoactive constitutes of the venom, show a local reaction
including tenderness, redness, swelling and pain at the location of the sting. Most
people of the general population (20.7%) shows a hypersensitivity reaction of type 1,
and sensitization can result in a wide range of medical signs, including a life-threat-
ening systemic anaphylactic shock and a local edematic swelling of the skin [28].

The use of bee venom (api-toxin) in the treatment of several immune-related
diseases, in addition to the treatment of tumors. Many cancer cells, involving lung,
bladder, prostate, renal, mammary, and liver cancer cells in addition to leukemia
cells, can be blocked by bee venom peptides such as phospholipase A and melittin
[29]. Bee venom (BV) has been applied in the treatment of different disorders, and
the major component of BV is melittin which is composed of 26 amino acids long
chain peptide [30].

3 Conclusion

Beehive products are a good source of phytochemical constituents; therefore, it is
recommended to be used as a dietary supplementation to enhance the antioxidant
cellular capacity against oxidative stress. Long-term supplementation of beehives is
needed to be developed as it has a synergistic and effective antioxidant and health
properties against chronic diseases, including cancer.
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1 Introduction

Clinical studies have claimed in general to show a correlation between high con-
sumption of phenolic antioxidants and reduced risks of certain types of cancer. The
main antioxidant activity that has been associated with polyphenols is the ability to
scavenge free radicals. Prevention of cancer may be accomplished through primary
prevention, secondary prevention, or a combination of these approaches. The objec-
tive of primary prevention is to prohibit effective contact of a carcinogenic agent
with a susceptible target in the human body, so that the sequence of events that
culminates in the occurrence of clinical cancer does not begin or is aborted at the
start. Primary prevention of cancer might be implemented by fortifying the human
diet with an effective dietary chemoprevention, among this approach is the date pit
extract.

Phenolic compounds of date pit, mainly phenolic and flavonoids compounds,
have been shown to possess antioxidant, antimutagenic, and anticarcinogenic prop-
erties. Pits of date palm are a waste product of many date-processing industries,
after transformation of the date fruits into different products, and are used mainly
for animal feeds in the cattle, sheep, and camel and poultry industries. Therefore,
utilization of such waste is very important to develop value-added products, as a
functional food of medicinal and therapeutic applications in special context to can-
cer. This chapter represents an attempt to identify the date plant pit extract on the
basis of herbal medicine, coherent scientific reasoning, and inferences.
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2 Composition of Date Pit

Date palm is grown in many regions of the world, resulting in a surplus production
of dates [1]. The date has been an important crop in arid and semiarid regions of the
world. Main parts of date palm tree are: stems, leaves, flowers, fruits, and pits.
Preclinical studies have shown that the date fruits possess free radical scavenging,
antioxidant, antimutagenic, anti-inflammatory, gastroprotective, hepatoprotective,
nephroprotective, anticancer, and immunostimulant activities [2]. It was stated that
potent antioxidant and antimutagenic activities of dates implicate free radical scav-
enging activity [3]. In addition, Guo et al. [4] reported that dates had the second
highest antioxidant value of 28 fruits commonly consumed in China. The observed
antioxidant activity of dates has been attributed to phenolic compounds, anthocya-
nins, flavonoid glycosides, and procyanidins present in it [5, 6].

The date fruit is composed of a fleshy pericarp and seed which constitutes
between 10 and 15% of date fruit weight [7]. Chemical and nutritional constituents
of date pits were reported to have functional health properties [8]. Their reported
composition was 3.10-7.10% moisture, 2.30-6.40% protein, 5.00-13.20% fat,
0.90-1.80% ash, and 22.50-80.20% dietary fiber. Also date pits contain high levels
of phenolics, 3102—4430 mg gallic acid equivalents/100 g, antioxidants, 580—
929 pm trolox equivalents/g, and dietary fiber 78-80 g/100 g [8]. Phenolic com-
pounds in date pits are mainly phenolic acids and flavonids, which show to possess
antioxidant, anticarcinogenic, antimutagenic, and anti-inflammatory activities [9,
10]. Phenolic acids and flavonoids in date palm fruit-extract was found to be useful
for the prevention of oxidative stress induced hepatotoxicity [11]. Recent studies
have indicated that the aqueous extracts of dates have potent antioxidant and anti-
mutagenic activity [3, 6, 8, 12—14].

3 Polyphenolic Content of Date Pit

Over the past 10 years, researchers and food manufacturers have become increas-
ingly interested in polyphenols. The main reason for this interest is the recognition
of the antioxidant properties of polyphenols. They are widely found in natural prod-
ucts; nowadays they are extensively used in food and beverage industry and in phar-
maceutical and nutraceutical industry for their positive effects on human health
[15]. Polyphenols are a large and diverse class of compounds, many of which occur
naturally in a range of food plants. Phenols (hydroxybenzenes) and especially poly-
phenols (containing two or more phenol groups) are ubiquitous in plant foods eaten
within human and animal diets and, apart from known vitamins and minerals, may
be one of the widest marketed groups of dietary supplement. This class of plant
metabolites contains more than 8000 known compounds, ranging from simple phe-
nols such as phenol itself to materials of complex and variable composition such as
tannins [16].
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Polyphenols may be further classified into four groups, according to the number
of phenol rings they contain: flavonoids, phenolic acids, stilbenes, and lignans. The
flavonoids may themselves be classified into the following subgroups: flavonols,
flavones, isoflavones, flavanones, flavanols, and anthocyanidins [17]. Phenolic com-
pounds, especially phenolic acids and flavonoids, are ubiquitously present in vege-
tables, fruits, seeds, tea, wines, and juices; thus, they are an integral part of the
human diet [18].

Polyphenol contents in date pits varied from 21 to 62 mg gallic acid equivalents
(GAE)/g date pits when acetone—water, ethanol-water, methanol-water, and water
alone were used as solvents for extraction at temperatures 22, 45, and 60 °C [19].
Phenolic compounds of date pits, mainly phenolic acids and flavonoids, have been
shown to possess antioxidant, anticarcinogenic, antimicrobial, antimutagenic, and
anti-inflammatory activities [9, 10], as well as reduction of cardiovascular diseases.
Thus, it is considered important to increase the antioxidant intake in the human diet
and one way to achieve this by enriching food with phenolics. In acute toxicity
experiment of date pits coffee, no mortality was recorded among groups of experi-
mental rats given up to 42 mg/g rat body weight [20].

4 Antioxidant Effects of Date Pit

Polyphenols in date pit induce antioxidant enzymes such as glutathione transferase
that will enhance the excretion of oxidizing species, and metallothionein, a metal-
binding protein with antioxidant property [21]. It also inhibits cytochrome P450s or
enzymes such as cyclooxygenase or lipoxygenase that have oxidant activities [16].
A significant consequence of oxidative stress is DNA damage, and it has been esti-
mated that in tumor cells, the phenolic compounds of date pit combat oxidative
stress and prevent oxidative stress-mediated DNA damage that might generate more
mutations; activation of growth-promoting transcription factors and modulation of
genes involved in carcinogenesis and uncontrolled cells proliferation [22, 23].

Interest has recently grown in the role and usage of natural antioxidants as a
strategy to prevent oxidative damage in various health disorders with oxidative
stress as a factor in their pathophysiology [24-27]. Dietary antioxidants in date pit
increased the cellular antioxidant status, which is a major determinant to oxidative
damage, and is usually altered in response to oxidative stress [28—30]. Increased
oxidative stress and lipid peroxidation are being implicated in different types of
human cancers [31].

Several studies indicated that the use of synthetic antioxidants has begun to be
restricted because of their health risks and toxicity. Therefore, the importance of
replacing synthetic antioxidants with natural ingredients from plant materials has
greatly increased. Different components isolated from fruits and vegetable have
been proven in model systems, being effective as antioxidants as synthetic antioxi-
dants [27]. The extraction and purification of antioxidants from natural sources is
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desired, since these bioactive substances are often used in functional foods, food
additives, nutraceuticals, pharmaceuticals, and cosmetic industries [32].

In order to neutralizing the threat of free radicals to the tissues and cells, a wide
variety of antioxidant and repair systems have been evolved. Defense mechanisms
against oxidative stress can be divided into: antioxidant, preventative and repair
mechanisms, and physical defenses. Many enzymes that participate in free radical
neutralizing processes include glutathione peroxidase, superoxide dismutase, and
catalase. The non-enzymatic antioxidants that participate in oxidative stress defense
include vitamin C, vitamin E, glutathione, carotenoids, and flavonoids. In the nor-
mal and healthy cells, there is a precise balance between free radicals production
and the level of antioxidant molecules, but under oxidative stress condition, the bal-
ance has been tilted towards excessive of oxidative radicals [33].

The notion that prevention of any disease is preferable over treatment is widely
accepted, and in this context, several studies suggest that regular consumption of
fruits, vegetables, and spices has health benefits including risk reduction of develop-
ing a cancer [34]. Much of the protective effects have been attributed to phyto-
chemicals such as polyphenols, terpenes, and alkaloids, present in low levels in
plants [35]. Polyphenols in date pit include several hundreds of compounds and are
the most studied groups [17].

Prevention of DNA damage by date pit is one of the cellular mechanisms that
may prevent cancer, and this protective effect observed in many studies is due to the
presence of phenolic constituents that have ability to act as antioxidant by free radi-
cal scavenging and chelating metal ions. Also, date pit modulates the antioxidant/
oxidant balance by increasing levels of intracellular antioxidants such as glutathi-
one, and by increasing the activity of antioxidant enzymes such as catalase, gluta-
thione peroxidase, and superoxide dismutase [36-38].

5 Conclusion

Cancer treatment is costly; therefore, prevention strategies are crucial for primary
prevention of this chronic disease. Date pits serve as a rich source of total phenolics
and antioxidant activity that could potentially be considered as inexpensive source
of natural antioxidants. The antioxidant function of date pit acted as a potent radical
scavenger and efficiently improved the redox status of cells. In this chapter, date pit
was found to function as an antioxidant as well as displaying anticarcinogenic
potential by reducing in vivo oxidation effect mediated by oxidizing agents in dif-
ferent tissues. Therefore, date pits can be used as a functional food ingredient to
increase the antioxidant intake in the human food chain diet by enriching food prod-
ucts with date pit. There is a need for further investigation to validate date pit effi-
cacy as a phytonutrient against cancer and to its safety doses as a supplement.
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Nutrition and Colorectal Cancer Pathogenesis )

Mostafa I. Waly and Amanat Ali

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



Nutrition and Colorectal Cancer Pathogenesis 113

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 B, 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 B,, 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].
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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 p-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
B,,, 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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1 Introduction

Colorectal cancer (CRC) is the world’s third most common cancer. Before the twen-
tieth century, CRC was relatively uncommon; however, the incidence has risen dra-
matically especially in the last 50 years. Several risk factors have been proposed,
including the adoption of westernized diet, obesity, and physical inactivity. The
majority of colorectal cancer continues to occur in industrialized countries.
According to the recent studies, CRC is associated with several modifiable and non-
modifiable risk factors. These risk factors involve CRC history in first-degree
relative, inflammatory bowel disease, consumption of red meat, fruit, and vegetables,
cigarette smoking, body mass index to overall population, race, gender, personal
habit of alcohol consumption and smoking, ethnicity diabetes, and physical activity.
Here we review the key evidence for the role of different risk factors and their effect
on CRC prevention and progression.
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2 Modifiable Risk Factors and Their Prevention

Most risk factors associated with CRC are modifiable, and they involve obesity and
the consumption of food rich in saturated fats. They also involve low physical
activity, increased body mass index, cigarette smoking, low fruit consumption, low
vegetable consumption, low folate intake, high alcohol intake, disturbance in energy
balance, and red meat intake, which are associated with moderately higher risk of
CRC. As a result of these lifestyle risk factors, there is a significant differences in
incidence and mortality rate from colorectal cancer across the world.

There is a strong association between colorectal cancer risk and alcohol: people
drinking a lot of alcohol had 60% higher risk of colorectal cancer in comparison
with none or light consumers. Obesity, smoking, high meat intakes, and diabetes all
are associated with a 20% higher risk of colorectal cancer in comparison with
people in the lowest categories for each. Protection against colorectal cancer is
associated with physical activity. Public health strategies that enhance increased
physical activity, moderate consumption of red and processed meat, modest alcohol
consumption, smoking cessation, and weight loss in most of the times cause
significant benefits at the population range for decreasing the chance of colorectal
cancer.

2.1 Red Meat and Processed Meat Consumption

Several epidemiologic studies have shown that meat intake is significantly associ-
ated with an increased risk of colon cancer [1-3]. In 2007, the World Cancer
Research Fund released a report stating that there was convincing evidence of a
causal role for red and processed meat in CRC [4]. Also, a quantitative evaluation of
26 cohort studies reports with information about 15,057 people with CRC, exam-
ined the association between meat (red meat, processed meat, fish, and poultry) and
CRC [5]. The evaluation concluded that compared with people having the lowest
intake of processed meat, those having the highest intake experienced a 20%
increased risk for developing CRC [5]. The authors did not observe any apparent
association between risk of CRC and consumption of either fish or poultry [5].
Another meta-analysis published in 2013 also observed an elevated risk of colorec-
tal adenoma with intake of red and processed meat [6]. Red meat might be related
to the incidence of CRC either directly or indirectly. Frying, grilling, broiling, or
cooking meat over coal at high temperatures can lead to the formation of mutagenic
and carcinogenic heterocyclic amines through the interaction of muscle creatine
with amino acids and to the formation of N-nitroso compounds [7]. Those sub-
stances can induce genetic alterations and form DNA adducts characteristic of
colorectal tumors [7].

The heme iron content of meats might contribute to colorectal neoplasia by
inducing oxidative DNA damage and by increasing endogenous formation of
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N-nitroso compounds, which are known to be powerful multisite carcinogens [8].
Thus, the greater abundance of heme in darker meats than in white meats could
increase the risk of CRC. Many studies have observed a positive association between
heme and the development of colonic polyps, adenomas, and CRC [9]. Fish and
poultry are alternative sources of protein and have been shown to reduce the risk of
colon cancer and adenoma. Mechanisms such as the presence of n-3 polyunsaturated
fatty acids, especially in oily fish, and more efficient methylation because of the
high methionine content in those foods have been proposed for the protective effect
of white meats [10]. In this regard, a preventive diet might involve limitation or
avoidance of red or processed meats and consumption of white meat and fish [11].
Although epidemiologic studies have observed a strong association between meat
intake and an increased risk of CRC, it is important to mention that some components
of meat are anticancer substances and essential for optimal human health (selenium;
zinc; omega-3 fatty acids; vitamins B6, B12, D, and folic acid) [12].

2.2 Protective Role of Fruit and Vegetables

Dietary fiber varies significantly in physical properties and chemical composition,
but can be classified according to water solubility, which affects its function in the
body and might be relevant to the risk of CRC. Bran fiber is insoluble; fruit and
vegetable fiber tends to be more soluble [13]. After observing the low incidence of
CRC in African nations whose populations consume a high-fiber diet, the hypothesis
that high fiber consumption might reduce the risk of CRC was proposed by Burkitt
and colleagues in the 1970s [14]. Cellulose, hemicellulose, and pectin are plant
materials that are defined as fiber [15]. Their protective effect against CRC could be
explained by the fact that their presence in meals contributes to lower transit time
through the gastrointestinal tract, reducing the concentrations of intestinal
carcinogens because of increased stool mass, diluting colonic contents, and
enhancing bacterial fermentation, which leads to increased production of short
chain fatty acids (acetate, propionate, and butyrate). The latter substances were
found to induce apoptosis in CRC cells in rats. Dietary fiber has also been proved to
have an anti-inflammatory function, lowering the production of interleukin 6, tumor
necrosis factor a, cyclooxygenase 2, and gene expression of inducible nitric oxide
synthase.

In addition, in an animal model of CRC, short-chain fatty acids interfered with
numerous regulators of cell-cycle proliferation and apoptosis such as the beta-
catenin, p53, p21, Bax, and caspase 3 genes. Thus, diets high in wheat bran, fruit
and vegetables, citrus fruits, cruciferous vegetables, dark green vegetables, onions,
garlic, and tomatoes might have a protective effect against colorectal adenomas and
subsequently CRC [16]. Fruits and vegetables also contain many potentially
protective substances that affect various biochemical pathways. Their benefits can
be observed in inhibitory action at early tumor stages or at advanced or metastatic
tumor stages [17-20].
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Fig.1 Simplified schematic of the folate-dependent methionine cycle. Homocysteine is converted
into methionine by methionine synthase, which utilizes vitamin B12 as a cofactor and acquires a
methyl group from folate which is subsequently converted to tetrahydrofolate. Methionine is
further converted to S-adenosylmethionine through the activity of methionine S-adenosyltransferase,
the major methyl donor for all methyltransferases, which adds methyl groups to various acceptor
molecules such as DNA, RNA, phospholipids, and proteins. S-adenosylmethionine is then
converted to S-adenosylhomocysteine, which is reversibly converted to homocysteine in a reaction
catalyzed by hydrolase. Homocysteine is remethylated back to methionine, or transsulfurated into
glutathione biosynthesis pathway, based on the availability of folate and vitamin B12

2.3 Protective Role of B Vitamins (Folate, Vitamin B6,
and Vitamin B12)

Folate deficiency results in genomic hypomethylation and defects in DNA synthe-
sis, both of which can contribute to colonic carcinogenesis. Methionine and folate
are required in the production of S-adenosylmethionine, the primary methyl donor,
but when methionine levels are low, more folate is used as methyl tetrahydrofolate
to form methionine (Fig. 1). The lower levels of methyl tetrahydrofolate might
affect DNA synthesis, which could explain the protective effect associated with
higher folate levels for those with low methionine intake [21, 22]. Interestingly,
compared with people having a high methionine intake but low folate intake, those
having high intakes of both methionine and folate were observed to have a signifi-
cantly increased risk for CRC. The reduction in the CRC incidence in the United
States and Canada might be a result of dietary folate supplementation that reduced
the risk for colon adenoma development [23]. It was suggested that folate supple-
mentation could be associated with a higher risk of adenoma recurrence and might
even be harmful to patients with a prior history of colon cancer [23].

In a randomized clinical trial, it was found that folic acid supplementation at a
dose of 1 mg daily is harmful, causing an increase, by a factor of 2.3, in the total
number of colonic adenomas and an increased risk, by a factor of 1.7, for advanced
colonic adenomas [24]. Physiologic levels of folic acid play a protective role and
that intense supplementation could lead to progression of small preexisting
adenomas. Moreover, especially in the elderly population, folic acid supplementation
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at high doses (1000 pg/day) appears to enhance the risk of neoplasms [24]. Vitamin
B6 (pyridoxal phosphate) is an important protective anticancer nutrient that is found
in numerous grains, fruits, and vegetables. In a meta-analysis of prospective studies,
it was suggested that a 49% decrease in CRC risk for every 100 pmol/mL is
assocaited with an increase in serum level of pyridoxal phosphate concentration
[25]. To summarize, diets rich in folate, vitamin B6, and vitamin B12 might prevent
colorectal carcinoma.

2.4 Role of Calcium and Vitamin D

Vitamin D, a fat-soluble vitamin, is synthesized mostly endogenously from skin
exposure to ultraviolet sunlight. Some comes from the diet as the provitamin
cholecalciferol (D3), which is found naturally in oily saltwater fish, liver, and egg
yolk. The plant-derived provitamin ergocalciferol (D2) is found in foods such as
mushrooms. Food fortification can provide an extra source of vitamin D. The active
form of vitamin D, which is synthesized by hydroxylating provitamins in the liver
and kidneys, is 1,25-dihydroxyvitamin D3 (calcitriol). The use of calcitriol in
experimental studies has been shown to induce differentiation and inhibition of
tumor cell proliferation in various types of cancer cells; however, because of the
development of toxic hypercalcemia, such use is limited. For those reasons, calcitriol
analogues are usually used [26]. Epidemiologic studies show that deaths from CRC
are higher in areas with less sunlight. Also, populations consuming higher amounts
of fresh fish, shellfish, calcium, and vitamin D have lower rates of CRC [27]. A
meta-analysis suggested an inverse association between circulating levels of
25-hydroxyvitamin D3 and risk of CRC. In countries in which vitamin D-fortified
foodstuffs are available (for example, the United States and some Scandinavian
countries), the prevalence of vitamin D deficiency is between 1.6% and 14.8% in
various age groups. In countries with an insufficient dietary supply of vitamin D or
in which foodstuffs are not supplemented, dietary intake of vitamin D is generally
low [28].

2.5 Sedentary Life Style and Obesity

In a meta-analysis of CRC risk factors, data from 2309 colon cancer patients and
66,199 CRC patients in 23 studies was used to investigate the relationship between
body mass index and risk of CRC. Body mass index and CRC were found to be
significantly associated (relative risk: 1.10 per 8 kg/m?) [29]. A meta-analysis used
data from 5994 colon cancer patients and 5099 CRC patients in 21 studies to
examine the relationship between physical activity and CRC. Without adjustment
for any covariates, a significant negative correlation between CRC risk and physical
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activity was observed (relative risk: 0.88 per two standard score; 95% confidence
interval: 0.86-0.91) [30]. In developed countries during the past few decades,
physical activity levels for both adults and children have steadily declined. Those
declines in physical activity level are suggested to be a result of more time spent
watching television and playing computer games and of a decrease in opportunities
for physical activity in schools and communities.

3 Non-modifiable Risk Factors for Colon and Rectum
Cancer

Several risk factors are associated with the incidence of colorectal cancer. Those
that an individual cannot control include age, inflammatory bowel disease, history
of CRC in first-degree relatives, and hereditary factors. People with a family history
of colorectal cancer have a significantly higher risk of having the disease compared
with people without such a history. Risks increased in a number of cases including
patients with relatives’ diagnosed young, patients with relatives having colonic
cancers, and those with more than one affected relatives. The incidence of CRC is
low under the age of 45 years. The chance and the risk of this disease elevates with
age, as it is well accepted that the diagnosis rate is higher in old people aged
65-84 years. Moreover the average lifetime risk of having CRC is two to three times
more in people with a first-degree relative who has an adenomatous polyp or colon
cancer than in the general population.

3.1 Hyperhomocysteinemia and Oxidative Stress

Oxidative stress is a condition under which the intracellular antioxidant (GSH),
antioxidant enzymes (glutathione peroxidase, superoxide dismutase, and catalase),
and dietary antioxidants are not counter balancing the reactive oxygen species-
mediated cellular oxidative damages (lipid peroxidation, protein inactivation, and
DNA breakdown), eventually leading to many chronic diseases such as CRC [31].
Oxidative stress as a consequence of increased production of nitrogen or oxygen
reactive species has been demonstrated in inflammatory bowel disease and
CRC. Major etiologic factor for the development of CRC is chronic inflammation of
large intestine and rectum. Infectious agents or inflammatory bowel disease, an
independent risk factor for CRC, may result in this inflammation. Another
consequence if this inflammatory bowel disease might be the localized response to
tissue stressors which may include premalignant lesions, adenomatous polyps.
Metabolic conditions like nutritional deficiencies which promote systemic or
localized inflammation could increase the inflammatory response within large
intestine and rectum.
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Hyperhomocysteinemia, possibly through inflammatory mechanisms is an estab-
lished independent risk factor for vascular disease. It is not very clear whether
hyperhomocysteinemia has a role in promoting the development of
CRC. Hyperhomocysteinemia might be directly linked with inflammation and
CRC. It may be due to decreased absorption or increased requirements for folate
and other nutrients required for one-carbon and homocysteine metabolism.
Homocysteine may induce an inflammatory response in cultures of human intestinal
microvascular endothelial cells [32, 33]. There could be a link between CRC and
folate through homocysteine.

Adequate consumption of folate and vitamin By, is crucial for supporting several
metabolic pathways, especially the methionine cycle, Fig. 1 [33]. Under conditions
of low folate and vitamin B,,, methionine synthase (a key enzyme in the methionine
cycle) becomes hypoactive leading to an accumulation of precursors, including
homocysteine, and eventually to the impairment of homocysteine dependent-
transsulfuration to GSH, the major intracellular antioxidant, and it has been proved
that glutathione depletion is often associated with oxidative stress [33]. Folate and
B12 are the dominant nutritional modifiable environmental risk factors in relation to
CRC development.

Folate is involved in the transfer of one-carbon units in the de novo synthesis of
thymidylate, purines, and methionine. Adequate folate consumption is therefore
essential for the synthesis, stability, and repair of DNA and normal cell division.
Vitamin B, acts as a coenzyme for methionine synthase (MTR) in the conversion
of homocysteine to methionine, a folate-dependent reaction that creates the
substrates for de novo nucleotide synthesis and S-adenosyl-methionine, a universal
methyl donor. A methyl group from 5-methyltetrahydrofolate, produced by the
enzyme methylenetetrahydrofolate reductase (MTHFR), can be transferred to
homocysteine by MTR to form methionine and tetrahydrofolate. Deficiency of
folate and B, could also result in hyperhomocysteinemia. Several studies suggested
that elevated blood concentrations of homocysteine (hyperhomocysteinemia) are a
pathological metabolite marker for oxidative stress and for CRC [33].

3.2 Genetic Risk Factors

Less than 10% of patients have an inherited predisposition to CRC, and these cases
are subdivided according to whether or not colonic polyps are a major disease
manifestation. The diseases with polyposis include familial adenomatous polyposis
(FAP) and the hamartomata’s polyposis syndromes (e.g., Peutz-Jeghers, juvenile
polyposis) [4], while those without polyposis include hereditary non-polyposis
colorectal cancer (HNPCC, Lynch syndrome I) and the cancer family syndrome
(Lynch syndrome II) [34]. These conditions are associated with a high risk of
developing CRC, and the genetic mutations underlying many of them have been
identified. The third and least well understood pattern is known as “familial”
CRC. Up to 25% of affected patients have a family history of CRC, but the pattern
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is not consistent with one of the inherited syndromes described above. Individuals
from these families are at increased risk of developing CRC, although the risk is not
as high as with the inherited syndromes. It was proposed that this group of patients
represents individuals with genetic changes with an autosomal recessive pattern of
inheritance. Indeed the discovery that biallelic mutations of the base excision repair
gene, the MutY human homologue (MYH) resulted in an increased risk of colorectal
adenomas and cancer led to the first description of an autosomal recessive cancer
syndrome [35].

4 Conclusion

Colon and rectum cancers are one of the most common incident cancers and a com-
mon cause of cancer death worldwide. B vitamins (folate and vitamin B,,) status is
a major determinant of serum homocysteine as it is elevated in CRC patients with
folate or vitamin Bj,. Although supplementation of B vitamins combats hyperho-
mocysteinemia, yet its etiologic relationship to hyperhomocysteinemia-mediated
oxidative stress in relation to CRC remains poorly understood. Accumulated evi-
dence suggests that aging is associated with increased production of free radicals,
resulting in increased oxidation of lipids, proteins, and genetic material. Oxidative
conditions cause progressive structural and functional alterations of cellular organ-
elles and changes in redox-sensitive signaling processes, such cellular conditions
contribute to increased susceptibility to a variety of diseases, including inflamma-
tion and cancer. Primary and secondary prevention, with attention to a healthy life-
style, physical activity, and screening should be enhanced in the general population.
Modifiable and non-modifiable risk factors for colon and rectum cancer synergize
for the pathogenesis of colon and rectum cancer.
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Reema F. Tayyem

1 Introduction

In colorectal cancer (CRC) disease, several well-known dietary and non-dietary risk
factors have been involved in its development. Some of those factors are high
consumption of red meat and processed meat; low fiber intake; alcohol drinking;
obesity; and a sedentary lifestyle [1]. Additionally, genetic susceptibility [2],
tobacco smoking [3], and exposure to environmental carcinogens were found to
promote proliferation and malignant transformation of CRC cells [4]. Several
studies have focused on the effects of a single food item or a nutrient on lowering
risk of CRC incidence [5]. However, the association of a single food item or food
group with the risk of developing CRC may not be valid because of the presumption
that each single food item or nutrient has an isolated effect [6]. A dietary pattern in
food choice is defined as a combination of the dietary components (food items, food
groups, nutrients, or both) used to summarize elements of the total diet or the major
features of the food choices for the population under study [7]. The descriptive
summary of the dietary pattern has been used in nutritional epidemiology to explain
and assess the overall dietary experience, by suggesting that the synergistic effects
of the variety of dietary and non-dietary factors can be used to explain the relationship
between diet and health [8]. In general, there are two dietary patterns: “Healthy”
and “Western.” The healthy dietary pattern is largely characterized by a greater
intake of fruits, vegetables, and grains, and a lower intake of sweets, red meat, and
processed meat; this dietary pattern is considered to be associated with lowering the
risk of developing CRC. Alternatively, the Western dietary pattern, reported to
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contain more meat, highly processed food, potatoes, refined carbohydrates, and
much lower in vegetables and dietary fiber, has been reported to increase the risk of
developing CRC [7, 9].

2  Western Dietary Pattern and CRC

Recent studies that analyzed dietary patterns indicate that adoption of a “Western
dietary pattern” (high intake of red meat and/or processed meat, high-fat dairy
products, fast food, refined grains, and sweet foods and drinks) increases CRC risk.
Recently, global publicity was generated by the World Health Organization
International Agency for Research on Cancer consensus statement regarding the
increased risk of CRC with consumption of processed or red meat [4]. The 2015
statement notes that processed meat is carcinogenic to humans and lists processed
meat as a group | substance. Processed meats result from salting, smoking,
fermenting, or curing the meat, and common examples include ham, bacon, and
sausage [3]. Furthermore, red meat was declared as probably carcinogenic to
humans, and red meat was listed as a group 2A substance [4]. Red and processed
meats are considered significant components of a “Western” diet. Studies using
factor analysis from both “Western” and other “developed” countries have linked
the Western dietary pattern to the risk of developing CRC [10-13]. For example,
Chen et al. [10] reported a positive association between “meat dietary pattern” and
CRCrisk (OR =1.84;95% CI=1.19-2.86) in a Canadian population study involving
506 CRC cases and 673 controls. In another cohort study of African American
women [11], the Western dietary pattern was found to be associated with a 42%
higher risk of colorectal adenoma [11]. Similarly, a case-control study from Iran,
conducted by Safari et al. [12], also reported that a Western dietary pattern was
associated with an increased risk of CRC development (OR = 2.616; 95%
CI = 1.361-5.030) [12]. Additionally, De Stefani et al. [13] also reported an
increased risk of CRC development for colon cancer in Uruguayan men whose diet
is similar to the western dietary pattern, OR of 2.62 (95% CI = 1.36-5.08).
Combined studies involved 137,217 participants who were followed for up to
32 years, with a total of 3,646,068 person-years of follow-up were analyzed. During
the time of the study, 3260 incident CRCs were documented and they revealed that
those in the highest quartile for Western dietary pattern consumption had a 31%
increased CRC risk (relative risk [RR], 1.31; 95%, CI 1.15-1.48; P < .0001)
compared with those in the lowest quartile [2]. On the other hand, in the prudent
dietary pattern, those in the highest quartile had a 14% reduced risk of CRC (RR,
0.86; 95% CI, 0.77-0.95; P < .01) compared with those in the lowest quartile. In
addition, of the 2800 tumors with location information available (1264 proximal
colon, 866 distal colon, and 670 rectal tumors), the association of Western dietary
pattern with CRC incidence was statistically significant for tumors of the distal
colon (RR, 1.55; 95% CI, 1.22-1.96; P < .0004) and rectum (RR, 1.35; 95% ClI,
1.03-1.77; P < .01), but not for the proximal colon (RR, 1.11; 95% CI, 0.91-1.35;
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P <.51). There were no differences by anatomic location for prudent dietary pattern
scores [2].

Total grains, sweets, and desserts are also components of the Western dietary
pattern, and the increased risk of CRC with consumption of grains and sweets and
deserts may be due to the high glycemic index of these foods. Foods that induce
hyperinsulinemia have been implicated in the etiology of CRC [14].

3 Healthy Dietary Pattern and CRC

A dietary pattern that is rich in whole grains, vegetables, fruit, fish, legumes, and
nuts and low in red and processed meat and alcohol has been linked to a substantial
reduction in the risk of CRC [15-19]. This type of dietary pattern is either called
healthy or prudent pattern. The WHO recommends improving dietary quality by
increasing consumption of fruit and vegetables, as well as legumes, whole grains,
and nuts [20]. These recommendations are similar to those studied in the Dietary
Approaches to Stop Hypertension trial and are also similar to recommendations
found in the Mediterranean Diet examined in the Seven Countries Study [21, 22].

Fung et al. [23] reported a significant protective association between the healthy
dietary pattern and CRC. Nevertheless, healthy dietary patterns were mostly loaded
with fruits and vegetables. Fruits and vegetables are good source of components of
fiber and folic acid, reported to have anti-carcinogenic effects [24]. Previously
Tayyem et al. [25] investigated and reported the lack of association of total fruit and
vegetable intake with risk of CRC. Van Duijnhoven et al. [26] suggested that the
association of fruit and vegetables with CRC risk may be a reflection of increased
intake of other food groups. The healthy dietary pattern identified here also contained
potatoes that earlier were identified in a report associated with increased risk of
CRC in another study [6]. On the other hand, Chen et al. [10] identified that plant-
based diet pattern which is loaded mostly with different kinds of fruits and
vegetables, fish and whole grains decreases the risk of rectum cancer but not colon
with a corresponding OR of 0.55 (95% CI: 0.35-0.87).

Other case-control studies have reported an inverse association between healthy,
prudent, or plant-based dietary patterns and the risk of CRC. For example, Azizi
et al. [27] found that a healthy eating pattern was protective against CRC in Iranians
(OR =0.18;95% CI =0.091-0.47). The healthy dietary pattern in the study by Azizi
et al. [27] consisted mainly of fruits and vegetables, low fat dairy, fish, liquid oils,
carrots, and nuts. Additionally, Satia et al. [28] reported that a fruit-vegetable pattern
was inversely and significantly (OR = 0.4, 95% CI = 0.3-0.6) associated with the
risk of having colon cancer in Whites, while another study showed that the prudent
dietary pattern was significantly protective, with odds of 0.63 for men (95% CI
0.43-0.92) and 0.58 for women (95% CI 0.38-0.87) [29]. Adherence to the
Mediterranean diet pattern was associated with lower risk of CRC (OR = 0.46, 95%
CI =0.28-0.75) [30]. A plant-based pattern mostly of fruits and vegetables as well
as fish, was found to be protective against CRC in Uruguayan men (OR = 0.60, 95%
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CI =0.45-0.81) [13]. In a more recent review of 11 case-control and cohort studies,
mostly involving Caucasian populations, the conclusion was that dietary patterns
characterized by limited intakes of red and processed meat, moderate intakes of
dairy products, and plenty fruits and vegetables reduce the risk of CRC [31].

4 Other Dietary Patterns and CRC

4.1 Alcohol Consumption Pattern

The “alcohol-consumption” pattern is characterized by high consumption of alco-
hol-containing beers, wines, and white spirits. Many articles reported the evidence
of an increased risk of CRC in the highest compared with the lowest category of
“alcohol-consumption” pattern [32-35]. Alcohol is initially metabolized into an
intermediate metabolite, acetaldehyde, followed by further metabolism and then
elimination from the body. Hence, the possible mechanism is that ethanol and its
major metabolites (e.g., acetaldehyde) have been shown to be carcinogenic to the
colon and rectum in animals [35]. In addition, alcohol and acetaldehyde may inhibit
folate-mediated methionine synthesis and may thus impair DNA methylation,
which is linked to carcinogenesis [34]. Furthermore, acetaldehyde increases the risk
of CRC by inducing DNA lesions, generating free radicals, and damaging enzymes
involved in DNA repair and antioxidant protection [35].

4.2 High Sugar Drinks Pattern

High-sugar drinks pattern loaded with sugar should be limited. A high risk of CRC
cancer was evident for increasing tertiles of High-sugar drinks pattern [29]. The
increased risk of CRC was documented in many studies [10, 15] and it was evidenced
that low levels of deglycating enzymes are present in colorectal cancer patients [36]
The increased risk of CRC with sugar consumption was documented in many
studies [10, 15]. It was evidenced that low levels of deglycating enzymes are present
in colorectal cancer patients [36]. Additionally, the risk of colorectal adenoma
associated with the level of fructosamine, which is consdired as an indicator of the
level of glucose in the blood and it is more sensitive to foods with a high glycemic
index [37]. and the increased risk of colorectal adenoma with the level of
fructosamine, an indicator of the level of glucose in the blood and it is more sensi-
tive to foods with a high glycemic index [36]. Tayyem er al. [38] identified three
dietary patterns, the first one is the “Healthy Pattern,” and the second was identified
as “High Sugar/High Tea Pattern,” and the third as “Western Pattern.” In the Healthy
Pattern group, they found a 10.54% variation in food intake, while the intake
variation was 11.64% in the Western Pattern [38]. After adjusting for confounding
factors, the Western Pattern food choice was found to be significantly associated
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Fig. 1 Scheme of potential mechanisms of protection of fiber in colorectal cancer. SCFA, short-
chain fatty acids (adapted from [40])

with an increased risk of developing CRC (OR = 1.88; 95% CI = 1.12-3.16). The
results for the Healthy and High-Sugar/High Tea Patterns showed a decrease, but
the statistic was not significant for the risk of CRC development [38].

5 Possible Mechanisms of Diet and CRC

The potential mechanisms related to the consumption of food and the development
of CRC is not clear, however, it is possible that more than one metabolic pathway,
dietary compounds or biochemical reactions are involved. However, there are
different proposed physiological mechanisms through which diet may be associated
with a reduced risk of CRC and through which this association may differ for men
and for women. For example, studies focused on individual nutrients suggest that
olive oil may exert a reduced risk of CRC by influencing secondary bile acid patterns
in the colon. This may in turn affect polyamine metabolism in colonic enterocytes,
reducing progression from normal mucosa to adenoma and carcinoma [39].

Fiber intake may reduce the contact between carcinogens and the lining of the
colon/rectum and increase stool bulk, which dilutes fecal carcinogens and decreases
transit time [15, 19]. In addition, bacterial fermentation of fiber produces short-
chain fatty acids (SCFA) which reduce cancer cell proliferation and facilitate
apoptosis (Fig. 1). SCFA may also help in preventing cancer development through
blocking the conversion of primary bile acids to secondary toxic ones [41].

Red and processed meat may exert a carcinogenic effect due to heme iron,
N-nitro compounds, polycyclic aromatic hydrocarbons (PAHs), malondialdehyde,
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nitrites and nitrates and heterocyclic amines generated during cooking at high
temperatures as well as a proneoplastic effect due to increased adiposity and insulin
[42]. Other studies suggested that dietary patterns that include a high consumption
of high saturated fatty acid intake may increase CRC risk via their effects on serum
insulin concentrations and on the bioavailability of insulin-like growth factor-I [43].
Whole grain intake has been associated with decreased fasting insulin level and
improved insulin sensitivity [44].
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Lifestyle Modification in Long-Term
Management of Chronic Diseases

Haleama Al Sabbah

1 Introduction

Nowadays, unfortunately, obesity has been viewed as a cosmetic issue rather than a
chronic disease; furthermore, health insurance systems do not include the costs of
obesity treatment except if it is associated with a chronic disease such as hyperten-
sion and diabetes [1]. Obesity could be defined as an excess amount of energy intake
and fat storage through overnutrition and adopting sedentary lifestyle [2, 3]. It can
be caused by a combination of several factors including cultural and environmental
factors, such as elevated energy diet, low levels of physical activity, eating disor-
ders, and increased portion size. These factors can cause a fundamental change in
the structure of adipose tissue leading to “hypertrophy and hyperplasia of adipo-
cytes, inflammation” as well as it causes a change in the secretion of adipokines,
which is a biologically active protein that can cause severe impact on the metabo-
lism of glucose and lipids [3, 4]. A study found in UAE indicated that factors that
may attribute to low levels of activities are mainly due to the hot climate that can
reach up to 45° C in the summer, in addition to the cultural norms that can restrict
female outdoor physical activities [5].

2  Obesity and Chronic Diseases

Obesity considers being the main cause of morbidity and mortality [6-8]. With
increased duration of obesity, many forms of cancer may develop, as strong rela-
tionship is found between the increased duration of obesity and the incidence of
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developing other forms of cancer including postmenopausal breast cancer, colon,
endometrial, and kidney cancer. In fact, obesity duration can be an indicator or an
independent factor of type 2 diabetes and cardiovascular diseases, since obesity can
cause a change in biological mechanisms which poses individual in a higher risk of
developing hypertension and insulin resistance [2, 9, 10]. Hypertension is defined as
having blood pressure exceeding 140/90 mmHg. In this case, hypertension can
result in severe health outcomes, and it is called silent killer since it is not accompa-
nied by symptoms; thus if it is untreated it can prompt heart attack and kidney and
heart failure. Moreover, diabetic patients are more prone to develop nervous system
diseases, dental problems, and loss of vision [6].

Obesity can lead to osteoarthritis which is a chronic disease responsible for the
breaking down of the joint’s cartilage causing pain and stiffness and hence difficulty
in the movement of the joint. This happens because high body weight causes more
stress in the joints [6, 11]. Another study showed that people who were obese in
their childhood exhibit greater risk of developing cardiovascular diseases, which is
associated with hypertension and dyslipidemia in their adulthood, unlike people
who had normal weights as a child [12]. Obesity is a chronic disease and it affects
all people regardless of their age. Childhood obesity can show early signs of cardio-
vascular dysfunction, arterial stiffness, and alter the myocardial structure as a result
of excess adiposity [12]. In fact, fat distribution is found to be the main factor to
predict cardiovascular disease as studies revealed. People with higher central obe-
sity (also called upper body obesity measured by waist circumference) are more
prone to develop cardiovascular diseases and metabolic syndrome [1, 3, 13].

As a consequence, obese people tend to have lower life expectancy and higher
drug expenditure because of obesity-related diseases, meaning that the effect of obe-
sity is not only limited to affect human health, but it also extends to higher costs in
the healthcare sector. It is estimated in Europe that approximately 7% of total health-
care costs account for obesity-related diseases [3, 10]. Studies showed that obese
people may face some discrimination in terms of employment, as they are seen to be
less productive and less motivated in the workplace [14]. Several studies stated that
obese people tend to have higher rate of absence because of sick leaves, as a result
they receive discrimination because of the missing days which lead to low perfor-
mance in the workplace. Moreover, employers often prevent employing obese people
to avoid health insurance and other health-related expenses [14, 15]. In fact, most of
the health insurance companies ignore the fact that including bariatric surgery in the
insurance is economically sustainable, because of the increased number of obese
people and the growing demand for surgical intervention and after-care [16].

3 Obesity Management and Prevention

Management of obesity should start from childhood since childhood obesity is
the main sign of adult obesity [5, 8, 9]. Long-term follow-up and frequent
measurements of weight and height are important to detect any dramatic changes
in the body weight and to quantify the exposure level of obesity and overweight.
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These parameters would also help in measuring the corresponding health effects of
obesity-related diseases [9]. The application of effective strategies may help in
reducing obesity-related diseases and help to sustain finance of the healthcare sector
through lowering medical expenses [10]. For example, 10% reduction in total body
weight resulted in decreasing the risk of developing diabetes and help to maintain
blood pressure and reduce the insulin resistance [1, 7]. In addition, diabetes preven-
tion program claimed that lifestyle modification and intervention can produce
weight loss with an average of 7% at 6 months and 4.9% at 3 years; this moderate
weight loss was successful enough to reduce the risk of developing diabetes by
58%. Another study with five thousand people with type 2 diabetes showed signifi-
cant improvements in sleep apnea, urinary incontinence, and kidney disease.
Moreover, weight loss can lead to psychological improvements as obese patients
experience more depression, stress, and poor self-esteem than people with normal
weight; however, the effects of these symptoms can be reduced with weight loss
particularly through improved body image and reduced anxiety [2, 17].

As it is mentioned earlier, childhood obesity is a major predictor of adulthood
obesity, so it is cost-effective to control obesity in early ages [5, 8, 9]. In childhood
obesity management, the involvement of the parents is very important as they are
considered as a risk factor for childhood obesity, but it is a challenge because some
parents may be aware of their child’s overweight but they are not aware enough about
health consequences to be involved in the obesity management program [18, 19].
Parent’s socioeconomic status (SES) can be an example of risk factors that contribute
to obesity development. SES is measured by the level of education, income, and occu-
pation. Several studies have shown that higher education level results in lower child-
hood obesity. Moreover, inverse relationship between the occupation and obesity was
found, as the average BMI for professional workers were 25.9 and 27.2 for unskilled
manual occupational workers, similar relationships were found with income, as obe-
sity was inversely related to the income [19]. Another study sought to determine fac-
tors that may influence parent’s decision in joining obesity management programs.
Their results showed that parents were largely influenced by their failed attempts to
control their children’s weight and their children’s emotions. Enhancing parent’s
awareness must be the first step in addressing the issue of childhood obesity in order
to encourage them to join obesity management programs. However, this step might
not be sufficient by itself, as health professionals must include activities and strategies
for long-term follow-up. Finally, parent’s awareness could not directly push parents to
join obesity program but it can help the parent to take action toward this issue [18].

4 Obesity Treatment

4.1 Lifestyle Modification Programs

There is a growing body of literature that recognizes the importance of obesity treat-
ment with a combination of several approaches rather than a single approach [7, 8].
The words lifestyle modification programs (LMP), behavioral treatment, or weight
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control always used alternately [20]. Those terms incorporate three main principles
which are diet, exercise, and behavioral therapy (i.e., basically set of standers and
strategies to modify eating behavior and exercise) [8, 17]. Often LMPs intended to
enable patients to lose 1-2 Ib/week bringing about 5-10% weight reduction by a
half year, through controlled energy intake (500-1000 kcal/day) and this aim could
be obtained by reducing portion size and sugar, eradicating fat, and increasing body
energy consumption by physical activity [17, 20, 21].

In addition, the program emphasizes practices such as record keeping of physi-
cal activity and food intake, self-monitoring, stress control, and social support to
achieve weight reduction [20, 22]. It has been suggested that school-based lifestyle
intervention program is effective for obesity prevention. A study done in China to
assess the effectiveness of school-based lifestyle intervention program further sup-
port the idea of obesity prevention on early onset, especially children who were
involved in the program exhibit healthy behaviors as well as knowledge about obe-
sity and its health outcomes, in contrast to the control group, the intervention group
were able to lose weight more than 0.5 kg/m> BMI [23]. Obtaining family support
can be facilitated through school-based intervention programs. It is important to
get participant’s family engagement in which parents or guardians enrolled in
classes on how to adopt healthy lifestyle and behavioral changes at the level of the
household. In addition, they are assigned to specific tasks and activities which
needs to be done by the parents and children regarding healthy lifestyle and obesity
prevention. Moreover, including fun events in the curriculum can also help to gain
children’s attraction as well as help to increase awareness, for example, arranging
short writing, painting, and stage drama competition regarding the risk associated
with obesity can help to increase awareness among school children [23, 24].

4.2 Three Main Components of Lifestyle Modification
Programs

4.2.1 Diet Intervention

This component focuses on energy or calorie deficiency made basically through
restricted food intake, where patients were assigned to a specific calorie objective in
order to achieve 500—-1000 kcal deficiency from their baseline of food calorie intake,
hence they are likely to produce a weight loss of a 1-2 1b/week [17]. The assigned
caloric intake is different from person to another, depending on their weights. For
instance, patients with more than 200 Ib are encouraged to consume 1500-1800 kcal/
day, while patients under 200 are recommended to 1000-1500 kcal/day [17].
Despite the fact that there are many studies to prove that weight reduction is
fundamentally related to controlled caloric intake rather than micronutrient compo-
sition of the eating routine, behavioral programs recommend patients to reduce fat
intake (i.e., less than 30% of calories from fat) to accomplish caloric objectives [17].
Unfortunately, commercial diets such as ad-libitum, very low calorie, low glycemic
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index, protein and meal replacement diets are becoming more common, the main
problem of these diets lies on its short-term effect on weight loss and sometimes
these diets might be harmful without proper monitoring. The most critical thing in
weight management programs is the adherence to a healthy lifestyle for weight loss
maintenance, which cannot be accomplished with the commercial diets [22]. In fact,
a moderate caloric restriction can be more effective in weight maintenance as it is
easier for obese patients to adhere [22]. However, energy restriction alone can be an
effective method in weight loss but its effect in weight loss maintenance is short-
term; a number of studies showed that less than 5% of individuals were able to lose
weight by only energy restriction for 2 years [2].

4.2.2 Physical Activity

Physical activity can enhance the effect of diet interventions in weight loss manage-
ment because it increases the energy expenditure causing a reduction in energy
consumption of the body [22]. It has a major role in weight maintenance and adher-
ence to weight loss strategies, because exercise can reduce individual’s stress and
depression, thus it makes some improvements in the mood [2]. The program sup-
ports gradual increments in physical activity by using moderate force exercises, for
example, quick walking. The duration of the exercise is important to achieve the
desired weight loss. In order to sense the impact of physical activity on body weight,
it is recommended to start with 50 min/week, with a gradual increase to 150/week.
In addition, longer duration of physical activity (200-250 min/week) can contribute
to the maintenance of the weight loss [17]. Researchers have found that the problem
of being inactive started from childhood, a longitudinal study of 5 years follow-up
from childhood to adolescence, the study found that physically active children were
active as adults, while inactive children exhibit low physical activity as adults [19].
Physical activity can be assessed and measured based on four dimensions, which
include type, intensity, frequency, and duration.

Each of those measurements requires direct observation, surveys reported
from self or proxy, accelerometer, and monitoring heart rate. For instance, a
questionnaire can provide enough information to assess all measures of physical
activity while accelerometer can measure only intensity, duration, and frequency
[19]. Moderate intensity of physical activity like walking as 30 min/day can
reduce cardiovascular risk factors by 30-50%, in another simple form daily
5-10 min of stair climbing which can be equivalent to 30 min walking [25].

4.2.3 Behavioral Changes

Most of the behavioral changes programs help to make patients adhere to the healthy
behaviors through specific strategies. Self-monitoring, record keeping of weight, and
physical activity are the main components of behavioral weight loss programs; addi-
tional strategies include stimulus control, which is a way of keeping high-calorie
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food out of reach and making sure that healthy option and low-calorie foods are
available [17]. The cornerstones of behavioral change program are self-monitoring
and record keeping help individuals to understand better about the relationship
between their eating behavior and weight loss, thus allowing them to adjust their eat-
ing and physical activity behaviors [17, 26]. Adherence to controlled caloric intake
can be facilitated through frequent and consistent self-monitoring, investigated the
effectiveness of frequent and consistent self-monitoring, the study found that indi-
viduals who self-monitored were able to maintain their weight changes better than
those with less frequent and consistent self-monitoring [26]. Understanding the
motives behind joining weight loss programs is important because poor adherence to
weight loss programs is associated with a lack of self-motivation which has been
viewed as a predictor of successful treatment, this can help healthcare professionals
to relate the associated psychological needs with obesity intervention programs [15].
In academic medical centers, behavioral programs are usually performed in a group
of 10-20 participants or individually, participants are enrolled in 60-90 min sessions
often 16-24 weeks, which is arranged by a dietician, psychologist, or exercise spe-
cialist. Although individual treatment is expensive, it has been shown that it is less
effective in terms achieving weight loss, because group care treatment provides the
suitable environment that provides empathy, motivation, and social support which
can promote a competitive environment between the participants [17, 20].

4.2.4 Pharmacotherapy

Weight loss cannot be obtained with only anti-obesity drugs, which is viewed as a
“rescue strategy.” Anti-obesity drugs, in fact, can enhance weight loss when it is
used in a combination with behavioral change [17, 22]. Pharmacotherapy is recom-
mended to an obese patient with body mass index (BMI) above 30 kg/m? and over-
weight people who suffer from obesity-related diseases such as hypertension and
type 2 diabetes [7, 27]. An example of an anti-obesity drug which has been widely
used and approved by FDA in 2003 is Orlistat, which restricts intestinal and pancre-
atic lipase and thus it prevents about 30% of triglycerides absorption by gastroin-
testinal [8, 22]. Orlistat can have a mild to moderate side effects on the intestinal
(i.e., frequent stools due to unabsorbed fats) and abdominal pain and diarrhea.
However, these side effects can be reduced by decreasing dietary fat intake and
increasing the portion of natural dietary fibers [8]. Based on clinical trials, many
studies have concluded that Orlistat can help in weight reduction in a combination
with diet, exercise, and behavioral change. McDiffie, the first who studied Orlistat
in American obese adolescence, observed a significant weight loss and decrease in
cholesterol, lipoprotein, and fasting blood glucose in 3—6 months, compared with
the baseline weight; Orlistat group lost 6.3-5.4 kg with a decrease in BMI approxi-
mately 4.1-2.9 kg/m? in contrast to the controlled group who gained weight (4.2—
6.5 kg) with increase in BMI by 0.1 kg/m?. Since the level of plasma fat-soluble
vitamin is noticed to be decreased with Orlistat group, which is of particular con-
cern affecting child growth, FDA suggested Orlistat must be accompanied with
multivitamins and it is only recommended for adolescent [8].
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4.2.5 Surgical Intervention

Typically, surgical interventions are used when obese patients fail to achieve weight
loss with traditional methods of weight management. Surgical interventions have been
viewed as the best option to treat very obese patients with greater risk [22, 28].
According to the National Institute for Health and Clinical excellence, surgical inter-
vention is recommended when the BMI of an individual exceeds 50 and sometimes
when it is more than 35 if the individual is suffering from serious comorbidities.

Bariatric surgery is classified into two basic categories depending on its mecha-
nism of weight loss such as malabsorptive (which has a higher risk of mortality) and
restrictive procedures [22]. Although malabsorptive procedure exposes obese patients
to risk, it can cause a significant and rapid health improvement in serious metabolic
comorbidities which are associated with very obese patients; therefore, the malabsorp-
tive procedure seems to outweigh the effect of severe obesity that causes serious
comorbidities [11, 22]. Bariatric surgery is not a long-term method for weight loss
unless it is used in a combination with a long-term behavioral change; it requires
weight loss maintenance, long-term follow-up, and adopting a healthy lifestyle. It is
important to remember that the aim of the surgery must not only be weight loss and
reducing the risk of comorbidities, but also improving psychological function which
is an important step to ensure the adherence to a healthy lifestyle in long-term [11, 17].

Bioenterics intragastric balloon (BIB) is considered as a safe, nonsurgical and
non-pharmacological option for obesity treatment, it is reversible and can be done
several times. The main function of this method is to induce satiety through slowing
down gastric emptiness and partially filling the stomach. An average of 12—13 kg of
weight loss can be achieved by BIB treatment within 6 months. However, the short-
term effect of this method must be considered, it must be remembered that after the
removal of the BIB the probability of weight regain is high and it is a critical issue
to consider, it has been reported that most of the patients who lose weight during the
treatment have regained it after its removal [7, 8]. Therefore, many studies support
the idea that one single treatment or step toward obesity management is not suffi-
cient to address such a complex chronic disease [7, 28, 29]. Thus, a combination of
long-term behavioral modification is recommended after the BIB removal in order
to support the long-term weight maintenance and to avoid weight regain [7, 29].
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Preeja Prabhakar and Sivaprasad Punnaveetil

1 Introduction

Cancer is one of the leading causes of morbidity and mortality worldwide, with
approximately 14 million new cases in 2012 [1]. Cancer refers to a large group of
diseases resulting from uncontrolled proliferation of tissues and its spread that can
affect any part of the body. Malignancy, carcinoma, tumours and neoplasms are the
other terms referring to different aspects of this medical condition. A defining fea-
ture of cancer is the accumulation of mutations resulting in an uncontrolled prolif-
eration of abnormal cells that grow beyond their usual boundaries, and can even
invade adjoining structures, spread to other organs, the latter process referred to as
metastasis. Metastases or simply spread of cancer is one of the common causes of
death in patients with cancer. Cancer being the second leading cause of death in the
world is predicted to affect the future mankind in higher numbers. Half of men and
one-third of women in the United States are considered to develop cancer during
their lifetimes [2]. Today, millions of cancer patients extend their life due to early
identification, timely intervention and treatment.

Cancer is not a new disease and has affected people throughout the world at all
times. In the current era of modern medicine, antibiotics and novel therapeutics
helped us tackle many morbidities and prevent mortalities to an extent. A decline in
the infant and maternal mortalities and infectious diseases has occurred due to the
improved sanitation, oral rehydration salts, vaccines and antibiotics and these have
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reduced the medical cost burden. But, cancer still remains as a threat to the present
and future worlds. In fact, Cancer deaths as documented by WHO in 2015 accounted
to around 8.8 million.

2 History

Humans, animals and even trees have had cancer throughout history as recorded. So
it is not a surprise that since the dawn of history itself people have known and have
written about cancer. The word cancer (carcinos and carcinoma) originated from a
Greek word ‘karkinos’ meaning crab to describe the invasive nature of the condi-
tion. It was first used by the Father of Medicine, Greek physician Hippocrates (460—
370 BC) to describe non-ulcer forming and ulcer-forming tumours. But yet he may
not be considered as the first to discover this disease. Oldest description of cancer
(although the word cancer was not used) was discovered in Egypt and dates back to
about 3000 BC. It’s called the ‘Edwin Smith Papyrus’ and is a copy of part of an
ancient Egyptian textbook on trauma surgery and it describes eight cases of tumours
or ulcers of the breast that were removed by cauterization with a tool called the fire
drill. The writing says about the disease, “There is no treatment’ [3].

Some of the earliest evidence of human bone cancer have been found in mum-
mies in ancient Egypt and in ancient manuscripts that dates around 1600 B.C. The
world’s oldest recorded case of breast cancer hails from ancient Egypt in 1500 BC
and it was even recorded that there was no treatment for the cancer, only supportive
therapy. Growths suggested that the bone cancer called osteosarcoma have been
seen in mummies. Bony skull destruction as seen in invasive malignancies of the
head and neck has been found too [4].

The Roman physician, Celsus (28-50 BC), later translated the Greek term into
cancer, the Latin word for crab. Galen (130-200 AD), another Greek physician,
used the word oncos (Greek for swelling) to describe tumours. Although the crab
analogy of Hippocrates and Celsus is still used to describe malignant tumours,
Galen’s term is now used as a part of the name for cancer speciality and special-
ists—Oncology and oncologists, respectively [3].

2.1 Facts and Figures

Cancer is a leading cause of death worldwide. It is estimated that nearly 1 in 6
deaths worldwide occurring is due to cancer. Prevention and early detection must be
our aim to lead the fight for a world without much cancer burden. Much of the suf-
fering and death from cancer could be prevented by systematic efforts in reducing
tobacco use and alcohol binge and to improve dietary habits, increased physical
activity, obesity and the use of established screening tests [5]. In 2017 about 190,500
cancer deaths in the USA is predicted to be caused by cigarette smoking alone [6].
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An estimated 20% of all cancers diagnosed in the USA are caused by a combination
of excess body weight, physical inactivity, excess alcohol consumption, and poor
nutrition, and thus could also be prevented [7]. Cancer screening tests can also pre-
vent thousands of additional cancer deaths through early detection of cancers at an
early stage when timely treatment is more effective and interventions like removal
of premalignant lesions (colorectal and cervical).

2.2 What Causes Cancer?

Cancer arises from the transformation of normal cells into tumour cells in a multi-
stage process that generally progresses from a precancerous lesion to a malignant
tumour. These changes are the result of the interaction between a person’s genetic
factors and external agents including [5, 8]:

(a) Physical carcinogens (ultraviolet and ionizing radiation).

(b) Chemical carcinogens (components of tobacco smoke, alcohol, aflatoxin, food
contaminant and arsenic-containing water).

(c) Tobacco use is the most important risk factor for cancer and is responsible for
approximately 22% of cancer deaths.

(d) Biological carcinogens, such as infections from certain viruses, bacteria or
parasites.

(e) Chronic infections are risk factors for cancer and have major relevance in low- and
middle-income countries. Approximately 15% of cancers diagnosed in 2012 were
attributed to carcinogenic chronic inflammation associated with infections like
Helicobacter pylori, human papillomavirus (HPV), hepatitis B virus, hepatitis C
virus, HIV and Epstein-Barr virus. Ageing is another factor for the development of
cancer. The incidence of cancer rises dramatically with age, most likely due to a
build-up of risks for specific cancers that increase with age. The overall risk accu-
mulation is combined with the less effective cell repair mechanisms.

(f) Genetic Factors: Knudson hypothesis, also known as the two-hit hypothesis or
multiple-hit hypothesis, explained that cancer is the result of accumulated
mutations to a cell’s DNA. It was first proposed by Carl O. Nordling in 1953,
and later formulated by Alfred G. Knudson in 1971, led indirectly to the identi-
fication of cancer-related genes [9—11]. Two hundred ninety-one cancer genes
have been reported so far, i.e. more than 1% of all the genes in the human
genome. The development of cancer, carcinogenesis depends both on the acti-
vation of proto-oncogenes and on the deactivation of tumour suppressor genes.
Proto-oncogenes are genes that stimulate cell proliferation, and tumour sup-
pressor genes are responsible for keeping proliferation in check. Ninety percent
of cancer genes show somatic mutations in cancer, whereas 20% show germline
mutations and 10% show both. The most common class of mutation among the
known cancer genes is a chromosomal translocation that creates a chimeric
gene or opposes a gene to the regulatory elements of another gene [12].
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3 Reducing the Cancer Burden

According to World Health Organization (WHO), 30-50% of cancers could be pre-
vented. This can be accomplished by avoiding risk factors and implementing exist-
ing evidence-based prevention strategies. The cancer burden can also be reduced
through early detection of cancer and timely management of patients who develop
cancer. Many cancers have a high chance of cure if diagnosed early and treated
timely and adequately.

3.1 Modifiable Risk Factors

Modifying or avoiding key risk factors can significantly reduce the risk and burden
of cancer cost. These risk factors include [13]: use of tobacco including cigarettes
and smokeless tobacco, over eating that leads on to overweight or obese, unhealthy
diet lacking fibre, fruits and vegetables, consumption of smoked foods, sedentary
lifestyle and lack of physical activity, alcohol, prolonged sun exposure, ionizing and
ultraviolet radiation, air pollution, indoor smoke from household use of solid fuels,
occupational hazards involved with ship industry, infection by H. pylori, HPV,
Hepatitis B and C or other carcinogenic infections, and human immunodeficiency
virus (HIV) associated cancers.

To prevent cancer, people may increase avoidance of the risk factors listed above
and have healthy life style and dietary habits vaccinate against HPV and hepatitis B
virus control occupational hazards reduce exposure to ultraviolet radiation reduce
exposure to ionizing radiation (occupational or medical diagnostic imaging). Early
detection of H.pylori infection and adopting H.pylori eradication. Vaccination
against these HPV and Hepatitis B viruses alone could prevent up to 1 million can-
cer cases each year.

3.2 Early Detection

Cancer mortality can be reduced if incident cases are detected and treated timely.
There are two components of early detection and diagnosis. When identified early,
cancer is more likely to respond to effective treatment and can result in a greater
probability of surviving, lesser morbidity, and lesser expensive treatment. Early
diagnosis consists of integration of these strategies in a timely manner: awareness
and access to treatment and quality cancer care and clinical evaluation, diagnosis
and staging of cancer. The early accurate diagnosis is relevant in all settings and the
majority of cancers. In the absence of early diagnosis, patients are diagnosed at late
stages when curative treatment may no longer be effective and supportive therapy
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and palliation may be the only option. Programmes can be designed to reduce delays
in, and barriers to, care, allowing patients to access treatment in a timely manner.

Early detection of cancer greatly increases the chances for successful treatment.
There are two major components of early detection of cancer: education to promote
early diagnosis and screening. Recognizing possible warning signs of cancer and
taking prompt action leads to early diagnosis. Increased awareness of possible
warning signs of cancer, among physicians, nurses and other health care providers
as well as among the general public, can have a great impact on the disease. Some
early signs of cancer include lumps, sores that fail to heal, abnormal bleeding, per-
sistent indigestion and chronic hoarseness. Early diagnosis is particularly relevant
for cancers of the breast, cervix, mouth, larynx, colon and rectum, and skin.

3.3 Screening

Screening aims to identify individuals with abnormalities suggestive of a specific
cancer or precancer who have not developed any symptoms and refer them promptly
for diagnosis and treatment. Screening programmes can be effective for certain can-
cer types when appropriate tests are used, implemented effectively, linked to other
steps in the screening process and when quality is assured. In general, a screening
programme is a far more complex public health intervention compared to early
diagnosis. Examples of screening methods are: visual inspection with acetic acid
(VIA) for cervical cancer in low-income settings, HPV and PAP cytology test test-
ing for cervical cancer, and mammogram screening for breast cancer in settings
with strong or relatively strong health systems.

Screening refers to the use of simple tests across a healthy population in order to
identify individuals who have disease, but do not yet have symptoms. Examples
include breast cancer screening using mammography and cervical cancer screening
using cytology screening methods, including Pap smears. Screening programmes
should be undertaken only when their effectiveness has been demonstrated, when
resources (personnel, equipment, etc.) are sufficient to cover nearly all of the target
group, when facilities exist for confirming diagnoses and for treatment and follow-
up of those with abnormal results, and when prevalence of the disease is high
enough to justify the effort and costs of screening [14].

Screening is the presumptive identification of unrecognized disease or defects by
means of tests, examinations, or other procedures that can be applied rapidly. In
advocating screening programmes as part of early detection of cancer, it is impor-
tant for national cancer control programmes to avoid imposing the ‘high technol-
ogy’ of the developed world on third world countries that lack the infrastructure and
resources to use the technology appropriately or to achieve adequate coverage of the
population. The success of screening depends on having sufficient numbers of per-
sonnel to perform the screening tests and on the availability of facilities that can
undertake subsequent diagnosis, treatment and follow-up.
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Sensitivity, specificity, positive predictive value, negative predictive value and
acceptability of the testing methods should be taken into account when the adoption
of any screening technique is being considered. A screening test aims to be sure that
as few as possible with the disease get through undetected (high sensitivity) and as
few as possible without the disease are subject to further diagnostic tests (high spec-
ificity). Given high sensitivity and specificity, the likelihood that a positive screen-
ing test will give a correct result (positive predictive value) strongly depends on the
prevalence of the disease within the population. If the prevalence of the disease is
very low, even the best screening test will not be an effective public health
programme.

Policies on early cancer detection differ markedly between countries. An indus-
trialized country may conduct screening programmes for cervical and breast cancer.
Such programmes are not, however, recommended in the least developed countries
in which there is a low prevalence of cancer and a weak health care infrastructure.
Further, only organized screening programmes are likely to be fully successful as a
means of reaching a high proportion of the at-risk population.

Countries that favour early cancer detection as part of health care strategies
should adopt screening measures based on the following principles: The target dis-
ease should be a common form of cancer, with high associated morbidity or mortal-
ity; effective treatment, capable of reducing morbidity and mortality, should be
available and easily accessible to the screened population; test procedures should be
acceptable, safe, and relatively inexpensive. An information system that can: (1)
send out invitations for initial screening; (2) recall individuals for repeat screening;
(3) follow those with identified abnormalities. (4) monitor and evaluate the
programme.

For many reasons, patients fail to adhere to recommended cancer screening
activities. While in many cases both the patients and the health care providers
understand the concept of early detection, they fail to comply with recommenda-
tions. This is Non-compliance. Non-compliance is a general health problem and one
that should be addressed in a comprehensive manner to improve outcome and
reduce the waste of resources. Screening that concentrates solely on a high-risk
group is rarely justifiable, as identified risk groups usually represent only a small
proportion of the cancer burden in a country. In planning the coverage of screening
programmes, however, steps must be taken to ensure that all those at high risk are
included. This requirement may be difficult to fulfil. In screening for cancer of the
cervix, for example, those at high risk are often difficult to recruit into screening.

3.4 Treatment

A correct cancer diagnosis is essential for adequate and effective treatment because
every cancer type requires a specific treatment regimen that encompasses one or
more modalities such as surgery, radiotherapy and chemotherapy. Determining the
goals of treatment and palliative care is an important first step, and health services
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should be integrated and people-centred. The primary goal is generally to cure can-
cer or to considerably prolong life. Improving the patient’s quality of life is also an
important goal. This can be achieved by supportive or palliative care and psychoso-
cial support.

Potential for cure among early detectable cancers; some of the most common
cancer types, such as breast cancer, cervical cancer, oral cancer and colorectal can-
cer, have high cure rates when detected early and treated according to best practices.
Potential for cure of some other cancers; Some cancer types, even when cancerous
cells have metastasized to other areas of the body, such as testicular seminoma and
leukaemia and lymphoma in children, can have high cure rates if appropriate treat-
ment is provided.

3.5 Palliative Care

Palliative care aims to relieve, rather than cure, symptoms caused by cancer and
improve the quality of life of patients and their families. It can help people live more
comfortably. It is an urgent humanitarian need for people worldwide with cancer
and other chronic fatal diseases and particularly needed in places with a high pro-
portion of patients in advanced stages of cancer where there is little chance of cure.
Relief from physical, psychosocial and spiritual problems can be achieved in over
90% of advanced cancer patients through palliative care.

Palliative care strategies; effective public health strategies comprising of com-
munity- and home-based care are essential to provide pain relief and palliative care
for patients and their families in low-resource settings. Improved access to oral
morphine is mandatory for the treatment of moderate to severe cancer pain, suffered
by over 80% of cancer patients in terminal phase.

4 Selected Cancer Prevention and Control

4.1 Breast Cancer

Breast cancer is the cancer among females with highest prevalence both in the
developed and in the developing world. The incidence of breast cancer is increasing
in the developing world due to increased life expectancy, increased urbanization and
adoption of western lifestyles. Although some risk reduction might be achieved
with prevention, these strategies cannot eliminate the majority of breast cancers that
develop in low- and middle-income countries where breast cancer is diagnosed in
very late stages. Therefore, early detection in order to improve breast cancer out-
come and survival remains the cornerstone of breast cancer control. Population-
based cancer screening is a much more complex public health undertaking than
early diagnosis and is usually cost-effective when done in the context of
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high-standard programmes that target all the population at risk in a given geographi-
cal area with high specific cancer burden, with everyone who takes part being
offered the same level of screening, diagnosis and treatment services [15].

So far the only breast cancer screening method that has proved to be effective is
mammography screening. Mammography screening is very costly and is cost-
effective and feasible in countries with good health infrastructure that can afford a
long-term organized population-based screening programmes. Low-cost screening
approaches, such as clinical breast examination, could be implemented in limited
resource settings when the necessary evidence from ongoing studies becomes avail-
able. Many low- and middle-income countries that face the double burden of cervi-
cal and breast cancer need to implement combined cost-effective and affordable
interventions to tackle these highly preventable diseases. Early detection in order to
improve breast cancer outcome and survival remains the cornerstone of breast can-
cer control. WHO promotes breast cancer control within the context of national
cancer control programmes and integrated to non-communicable disease prevention
and control.

The 2015 guidelines by American Cancer Society states that [16]: women aged
40-49 with average risk: Women aged 40—44 years should have the choice to start
annual breast cancer screening with mammograms if they wish to do so and consid-
ering the risks of screening as well as the potential benefits. Women aged 4549 years
should get mammograms every year. Women aged 50—74 with average risk: women
aged 50-54 years should get mammograms every year, women aged 55 years and
older should switch to mammograms every 2 years, or have the choice to continue
yearly screening. Women aged 75 or older with average risk: screening should con-
tinue as long as a woman is in good health and is expected to live 10 more years or
longer. Women at higher than average risk: women who are at high risk for breast
cancer based on certain factors (such as having a parent, sibling or child with a
BRCA 1 or BRCA2 gene mutation) should get an MRI and a mammogram every
year. Women should be familiar with the known benefits, limitations and potential
harms associated with breast cancer screening. They should also be familiar with
how their breasts normally look and feel and report any changes to a health care
provider right away.

4.2 Cervical Cancer

Screening is testing of all women at risk of cervical cancer, most of whom will be
without symptoms. Screening aims to detect precancerous changes, which, if not
treated, may lead to cancer. It is only effective if there is a well-organized system for
follow-up and treatment. Women who are found to have abnormalities on screening
need follow-up, diagnosis and possibly treatment, in order to prevent the develop-
ment of cancer or to treat cancer at an early stage.

Several tests can be used in screening for cervical cancer. The Pap smear (cytol-
ogy) is the only test that has been used in large populations and that has been shown
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to reduce cervical cancer incidence and mortality. Regardless of the test used, the
key to an effective programme is to reach the largest proportion of women at risk
with quality screening and treatment. Organized screening programmes designed
and managed at the central level to reach most women at risk are preferable to
opportunistic screening.

The guidelines by American Cancer Society (ACS), American Society for
Colposcopy and Cervical Pathology (ASCCP), and American Society for Clinical
Pathology (ASCP) recommend to start screening: age 21. Women aged <21 years
should not be screened regardless of sex initialization or other risk factors. Frequency
of cervical cancer screening: cytology (conventional or liquid based) testing
21-29 years of age (Every 3 years), 30-65 years of age (Every 3 years), HPV co-test
(cytology + hr HPV test administered together); in women 30-65 years of age
(Every 5 years), HPV co-testing should not be used for women aged <30 years.

When to stop screening: Aged >65 years with adequate negative prior screening
and no history of CIN 2 (Cervical Intraepithelial Neoplasia) or higher within the last
20 years. When to screen after age 65 years: Aged >65 years with a history of CIN2
CIN2, CIN3, or adenocarcinoma in situ, routine screening should continue for at
least 20 years. Screening among those immunized against HPV 16/18: Women at
any age in spite of HPV vaccination should be screened according to the age-specific
recommendations for the general population [17].

4.3 Colorectal Cancer

Colorectal cancer is one of the malignancies where premalignant conditions can be
detected easily and removed efficiently which directly results in an improved prog-
nosis and longevity. Multiple modalities of screening have been suggested by vari-
ous organizations. Scientific evidence suggests that sigmoidoscopy alone may be
effective for colorectal cancer screening, with benefits lasting for up to 10 years.
Several trials have evaluated the effect of the faecal occult blood test (FOBT). Even
though, there seems to be a lack in sensitivity for detecting adenomas.

In 2015, the American College of Physicians (ACP) recommended that average-
risk adults aged 50-75 years should be screened for colorectal cancer by one of the
following strategies: Annual high-sensitivity FOBT or FIT, flexible sigmoidoscopy
every 5 years, high-sensitivity FOBT or FIT every 3 years plus flexible sigmoidos-
copy every 5 years, and colonoscopy every 10 years. Interval screening with faecal
testing or flexible sigmoidoscopy in adults having 10-year screening colonoscopy is
not recommended. Average-risk adults younger than 50 years, older than 75 years,
or with an estimated life expectancy of less than 10 years should not be screened.
For screening purposes, patients with one first-degree relative diagnosed with
colorectal cancer or advanced adenoma at age 60 years or older are considered at
average risk. For patients with a single first-degree relative diagnosed with colorectal
cancer or advanced adenoma before age 60 years, or those with two first-degree
relatives with colorectal cancer or advanced adenomas, the guideline recommends
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colonoscopy every 5 years, beginning at age 40 years or at 10 years younger than
the age at diagnosis of the youngest affected relative. A new, simple, blood test
called Septin 9 (Epi procolon) has been evaluated as a screening technique for
Colorectal malignancy with 48% sensitivity. However, it’s not efficient in detecting
colonic polyps. Yearly Septin 9 testing has recently been US FDA approved and
may replace FOBT and come into vogue in the future as the simplest screening test
for CRC.

4.4 Oral Cancer

Early detection (as distinct from organized screening) of oral cancer using visual
inspection of the mouth is being considered in countries where incidence is high,
such as Bangladesh, India, Pakistan and Sri Lanka. The oral cavity is easily acces-
sible for routine examination, and nonmedical personnel can readily detect lesions
that are the precursors of carcinoma. Precursor lesions may regress if tobacco use
ceases and that surgical treatment of early oral cancer is very effective. Some pro-
grammes have also encouraged early detection of oral cancer by self-examination
using a mirror. However, so far it has not been shown that detection of precancerous
lesions or early cancers can reduce mortality from the disease.

5 Challenges in Cancer Screening and Early Detection
Research

Patients whose cancers are detected and treated early may have better long-term
survival than patients whose cancers are not found until symptoms appear.
Unfortunately, effective screening tests for early detection do not exist for many
cancers. Considering cancers for which there are widely used screening tests, many
of the tests have not proven effective in reducing cancer mortality. But, there have
been some important successes in screening and early detection. Deaths from cervi-
cal cancer in the United States, for example, declined substantially after annual
screening with the Pap test became common practice, and screening for colorectal
and breast cancer have also been shown to reduce mortality from these cancers.
Although research on cancer screening and early detection can be challenging, the
potential results in terms of cancer deaths avoided. A greater understanding of the
underlying biology of many cancers, as well as technological advances in areas such
as imaging, are creating new avenues for advances in screening and early detection.
Importantly, studies performed over the last decade have strongly suggested that, in
addition to benefits, screening has downsides. In particular, there is the risk of over-
diagnosis and overtreatment—the diagnosis and treatment of cancers that would not
threaten life or cause symptoms.

Overdiagnosis and overtreatment expose patients unnecessarily to the potential
physical harms of unneeded and often invasive diagnostic tests and treatment, as
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well as to the psychological stresses associated with a cancer diagnosis. This under-
standing has led to intensive study of ways to identify and distinguish those screen-
detected cancers that are truly life threatening and require immediate treatment
from those for which treatment is unnecessary or can be safely delayed. Based on
research, investigators are pursuing key opportunities, including: developing ‘liquid
biopsy’ technologies that can noninvasively identify the presence of genetic mate-
rial from cancer cells in the blood or molecular markers in urine or saliva that can
identify precursor lesions or cancer at its earliest stages, identifying and validating
biomarkers that may distinguish aggressive, life-threatening cancers from non-life-
threatening tumours, identifying genetic changes that point to potential avenues for
more effectively monitoring people at increased risk of cancer, testing interventions,
such as the use of health navigators and tailored outreach and education pro-
grammes, to increase the use of approved, effective screening tests among certain
population groups, and better quantifying the benefits and harms of screening tests,
as well as the relative contributions of cancer screening and improvements in treat-
ment on mortality rates.

6 Conclusion

As with research on cancer prevention, time is a challenge when developing and
testing new interventions for screening and early detection. Years or decades are
often needed to determine whether an intervention, such as a new screening test or
a patient risk assessment, reduces the number of people diagnosed with advanced
cancer or who die from cancer. And these studies can be expensive and logistically
challenging to conduct. Discovering and validating biomarkers that can accurately
identify people at increased risk of cancer or who have potentially lethal cancers has
also proven to be very difficult. Many biomarkers that have shown promise in early
studies have not been validated subsequently in more advanced testing. In addition,
screening and early detection on their own are often not enough. Ensuring that indi-
viduals receive the appropriate follow-up and treatment after a cancer diagnosis is
essential but has proven to be difficult, particularly for those from low socioeco-
nomic settings and certain racial or ethnic groups, resulting in delayed treatment
and worse outcomes.
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Prevention of Common Cancers
of the Female Genital Tract

Ikram Ali Burney

1 Introduction

The world has seen incremental success in the outcomes of patients with cancer over the
past 60 years. Ever-growing surgical expertise, improvements in radiation techniques,
combination chemotherapy, supportive care, improved diagnostics, and more recently
targeted therapy, all have led a changed landscape. A significant number of cancer
patients, previously deemed incurable, is now cured. What cannot be cured does not
have to be endured. Several incurable cancers are now managed like a chronic disease.
However, despite the success in treatment of cancer, total number of patients who die as
a result of cancer continue to increase, and this is a direct reflection of the rising
incidence. According to the Globocan, 12.7 million patients were diagnosed with cancer
in 2008, and the number is likely to increase almost twofold to 22.2 million by 2030.
Similarly, 7.6 million people died of cancer in 2008, and the number is likely to increase
to 17 million by 2030 [1]. Despite all the excitement and success in accurate diagnosis
and refined treatment of cancer, clearly a lot more needs to be achieved in research and
implementation of effective policies to reduce the incidence of cancer, in order to
decrease the overall burden of the disease and the attendant mortality. Cancer should be
treated across the continuum, if meaningful gain in survival is the goal (Fig. 1).

In this chapter, developments in the field of prevention of gynecological cancers
are reviewed. Together, gynecological cancers rank among the top five cancers
worldwide (Table 1). Female genital tract consists of ovaries and the fallopian tubes,
uterus, cervix, vagina, and the vulva. Cancers of the vulva and vagina are uncommon.
Furthermore, throughout the female genital tract, cancers may arise from the
epithelium (carcinoma), mesothelium (sarcoma), connective tissue, or the germ cells
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Table 1 Cancer prevalence Cancer No. in millions

Cancer of lung 1825
Cancer of breast 1677
Colorectal cancers 1361

Prostate cancer 1112

Gynecological cancers 1087

of the ovary, or may even be secondary from other organs, or because of infiltration
of leukemic cells. Cancers of epithelial origin are by far the commonest, and account
for 80-90% of all gynecological cancers. In this chapter, preventive strategies for
epithelial cancers arising from ovary and the fallopian tubes, uterus, and the cervix
are discussed.

The description would include the histological subtypes, incidence, risk factors,
and prevention strategies. For the purposes of this chapter, discussion on prevention
strategies would be restricted to published guidelines, phase III studies, meta-
analyses, and systematic reviews. It would be simply out of scope of the chapter to
deal with the individual studies and expert opinions. Before dealing with prevention
strategies for the three cancers separately, it would be prudent to define “risk factors”
and different types of preventive strategies of cancer in the clinical context.

1.1 Risk Factors of Cancers of the Female Genital Tract

A risk factor is an attribute, a characteristic, or an exposure which could increase the
incidence of getting a certain disease, including cancer. It is important to note that a
risk factor may increase the incidence, but may not necessarily be causal. The risk
is estimated through correlation. Since the correlation of an attribute or a character-
istic may increase the risk of developing cancer, it is plausible to use the risk factors
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to devise strategies for prevention. Common risk factors for cancer include age,
smoking, infectious agents, diet, obesity, environmental carcinogens such as radia-
tion and chemicals, and genetic factors. It is evident that some risk factors are modi-
fiable and others are not. In the sections below, risk factors would be described as
definitive (may be even causal), probable (unequivocal association), equivocal
(no convincing evidence), or preventive.

1.2 Prevention Strategies of Cancers of the Female Genital
Tract

Prevention strategies include a range of activities or interventions aimed at reducing
the risks. Interventions to alter the modifiable risk factors can be employed in reducing
the incidence of cancer. Generally, interventions include lifestyle modifications, phar-
macological interventions, and sometimes even surgical interventions. The preventive
strategies would be defined as either primary, secondary, or tertiary [1, 2].

1.2.1 Primary Prevention

Primary prevention aims to prevent cancer before it occurs. Usually, primary preven-
tive strategies apply to all individuals at risk. This is done by either preventing or
reducing the exposure through education and awareness, such as lifestyle factors
and smoking cessation, or by immunization against the infective agent, such as HBV
vaccination for hepatocellular cancer and HPV vaccination for cervical cancer.

1.2.2 Secondary Prevention

Secondary prevention aims to reduce the impact, especially in those who are predis-
posed. Examples include screening and early detection of cancers of the breast,
cervix, prostate or colon, chemoprevention of colon cancers in those genetically
predisposed, and surgical prevention in those who are at an exceedingly high risk of
developing the cancer.

1.2.3 Tertiary Prevention

Tertiary prevention aims to reduce recurrences of cancer in those who have already
been diagnosed to have cancer and are in remission after successful treatment.

Although targeted risk reduction in the form of secondary and tertiary preven-
tion may seem cost-effective for the specific type of cancer, primary prevention
remains the ultimate aim to reduce the burden of disease. A plethora of data has
been published on the issue of primary prevention, and it would be out of scope
of this chapter to review it here. More recently, the World Cancer Research Fund
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Table 2 WCRF/AICR Be as lean as is possible, maintaining BMI close to 25
recommendations

Regular physical activity, at least 30 min per day

Restrict red meat consumption, five portions per week

Increase fruit and vegetable consumption 5/15 portions
per day

Stop smoking

Restrict the intake of alcohol

Limit the use of high energy drinks

Avoid processed meat

Avoid dietary supplements

For women, breast-feeding for at least 6 months

(WCRF) published evidence-based guidelines for primary prevention of cancer
(Table 2). Several lifestyle and dietary modifications were suggested.

Over the next few years, it became apparent that people who adhered to guide-
lines had a significant reduction in the incidence of and mortality from different
types of cancers, including gynecological cancers. For example, the EPIC investiga-
tors reported that a greater concordance with the WCRF recommendations was sig-
nificantly associated with a decreased risk of cancer [2].

One-point increment was associated with a 5% risk reduction for all cancers,
12% for colorectal cancers and 16% for the stomach cancer [3]. Furthermore, the
investigators showed that participants with maximum adherence to the WCRF rec-
ommendations had a 34% reduced risk of death compared with those who had least
adherence to the recommendations [4]. Similarly, the data from the VITAL study
revealed that the breast cancer risk reduced by 60% in women who met at least five
recommendations, and the incidence of hematologic malignancies reduced by 34%
in cohort of people who carried out regular physical activity [5].

Having defined “risk factors” and “prevention strategies,” and the WCRF recom-
mendations for primary prevention, applicable to all cancers, we now describe the
data on prevention of the three common cancers of the female genital tract.

2 Ovarian Cancer

2.1 Epidemiology

Ovarian cancer is one of the most common gynecological cancers, and predomi-
nantly affects postmenopausal women. According to the Globocan data, ovarian can-
cer is the 18th most common cancer in both genders, and the 7th most common
cancer in women. Ovarian cancer is the leading cause of death among the gyneco-
logical cancers in the developed countries. There are several types, including epithe-
lial ovarian cancer (EOC), germ cell tumors, sex cord-stromal tumors, metastatic
tumors, and infiltration with leukemia and lymphoma. Epithelial ovarian cancer
(EOC) is by far the commonest and account for 80-90% of all ovarian cancers.
Pathological and molecular advances have revealed that most pelvic high-grade
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serous cancers, previously attributed to an ovarian origin, are probably implants from
cancer originating in the fimbria of the fallopian tube. Epithelial cancers arising from
the fallopian tube and the peritoneum share the natural course, response to treatment,
outcome, and prognosis. Hence, for the purposes of diagnosis and treatment, tumors
of the ovary, fallopian tubes, and peritoneum are considered together.

EOC can be divided into several histological subtypes: high-grade serous, endome-
trioid, and clear cell, mucinous and low-grade serous. These subtypes represent distinct
disease entities, both clinically and at the molecular level. The vast majority of patients
(60-80%) with high-grade serous epithelial cancer present with stage III and IV dis-
ease. Despite the currently available evidence-based management, the 5-year survival
rates are 30-50% for stage IIla—ITIc tumors, and 13% for stage IV tumors, while the
median survival is 36 and 24 months, respectively. The standard care treatment includes
debulking surgery and adjuvant combination chemotherapy. For the past two decades,
the combination of paclitaxel and carboplatin has remained the standard of care. The
two most important prognostic factors for a better outcome are the completeness of
surgery (debulking surgery leading to minimal residual disease defined as tumor less
than 5 mm in any given place), and sensitivity to platinum-based chemotherapy. Despite
a high initial response rate to platinum and taxane treatment, the effectiveness of the
treatments diminishes over time, and most patients experience disease relapse. Clearly,
there is an unmet need to either prevent or detect the disease early.

2.2 Risk Factors

Although the etiology of ovarian cancer is not clear, certain factors are implicated
in the etiology of this disease, such as ovulation, gonadotropic and steroid hor-
mones, germ cell depletion, oncogenes and tumor suppressor genes, growth factors,
cytokines, and environmental agents [6]. Family history of breast or ovarian cancer,
or a personal history of breast cancer is a prominent risk factor for ovarian cancer,
with 5-15% of ovarian cancers due to heritable risk. Hormone replacement therapy
is known to cause a modest increase in risk. Obesity and diet may affect ovarian
cancer risk. Reproductive factors such as age at menopause and infertility contribute
to greater risk of ovarian cancer. Exposure to environmental agents such as talc may
increase risk of ovarian cancer. Hormonal factors such as oral contraceptive (OC),
pregnancy, tubal ligation, and hysterectomy reduce risk.

2.2.1 Definitive Risk Factors

Family/Personal History of Breast/Ovarian Cancer and Inherited Cancer
Genetic Syndromes

The strongest risk factor for EOC is the genetic predisposition. (For comprehensive
review see [7]). Women with a family history of ovarian cancer, especially in a first-
degree relative, and those with an inherited predisposition to ovarian cancer, such as
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a BRCAI or BRCA2 mutation, have an increased risk of developing ovarian cancer.
BRCAI or BRCA2 genes are tumor suppressor genes, and mutations in either of
these genes increase the susceptibility. Mutations in BRCAI and BRCA?2 are very
high in certain kindreds, such as the Ashkenazi Jews. The lifetime ovarian cancer
risk for women with a BRCA mutation is estimated to be up to 45%, and between
10% and 30% for women with BRCA2 mutations, compared to less than 2% for
general population.

Other inherited cancer genetic syndromes in which the risk of ovarian cancer is
significantly higher than the general population are the PTEN tumor hamartoma
syndrome also known as Cowden disease (due to inherited mutations in the PTEN
gene); hereditary nonpolyposis coli cancer syndrome (due to mutations in MLH ]I,
MSH2, MSH6, PMS1, and PMS2 genes); and Peutz-Jeghers syndrome due to muta-
tions in the STK11 gene. More recently, germline mutations in BRIP1, RAD51D,
and RADSI1C have been associated with increased risk of developing EOC over
lifetime [8].

Hormone Replacement Therapy (HRT)

Is strongly associated with a moderate increase in the risk of developing epithelial
ovarian cancer. A meta-analysis of 52 studies including more than 21,000 patients
found an increased risk of ovarian cancer with current or recent use of HRT, espe-
cially for the serous and endometrioid subtypes. Recent use was more strongly
related to the risk, even among women who had used HRT for less than 5 years,
whereas the risk declined among women after discontinuation for longer periods of
cessation.

2.2.2 Probable Risk Factors
Obesity

The association between obesity and ovarian cancer risk has been extensively
investigated, but studies have yielded inconsistent findings. Based on an overview
analysis of 25,157 women with ovarian cancer and 81,211 women without ovarian
cancer from 47 epidemiological studies, there was a limited, inconsistent evidence
of a positive association between obesity and ovarian cancer risk. Out of the 43
studies, 14 studies found a statistically significant positive association, 26 studies
found no significant association, and 3 studies found a negative association between
ovarian cancer risk and higher body mass index. However, a further analysis
revealed the interplay between obesity and the use of hormone therapy. The RR of
ovarian cancer per 5 kg/m? increase in body mass index (BMI) was 1.10 (95% CI,
1.07-1.13) among never-users of hormone therapy and 0.95 (95% CI, 0.92-0.99)
among ever-users of hormone therapy [9, 10].
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Dietary Factors

No consistent association has been observed between a variety of dietary factors and
the risk of ovarian cancer [10, 11]. An analysis from the Women’s Health Initiative
(WHI) prospective, low fat dietary modification trial of 48,835 postmenopausal
women suggested that long-term adoption of a low fat diet was associated with a
40% reduction in ovarian cancer risk [12]. A systematic review suggested that total,
animal, and dairy fat were consistently associated with a higher risk [13]. The role of
physical activity in ovarian cancer is not clearly understood. A randomized, con-
trolled trial, the Lifestyle Intervention for Ovarian Cancer Enhanced Survival
(LIVES) is prospectively assessing the effect of diet in combination with physical
activity on increasing progression-free survival (PFS) in women previously treated
for ovarian cancer. When completed, LIVES will be the largest behavior-based life-
style intervention trial conducted among ovarian cancer survivors [11-14].

2.2.3 Equivocal Risk Factors
Alcohol

A systematic review and meta-analysis including 23 case-control studies and 3 cohort
studies found no evidence of an association between alcohol use and EOC [15, 16].

Aspirin and Nonsteroidal Anti-Inflammatory Drugs

A systematic review and meta-analysis of 21 observational studies found a decreased
risk of invasive ovarian cancer with aspirin use, but no statistically significant asso-
ciation with nonsteroidal anti-inflammatory drugs (NSAIDs). A population-based
case-control study of 902 incident cases and 1802 population controls observed a
decreased risk of ovarian cancer associated with continual use.

Perineal Talc Exposure

There is no consistent association between talc exposure and an increased risk of
ovarian cancer. A meta-analysis of 16 studies observed an increased risk with the
use of talc, whereas a pooled analysis from the Ovarian Cancer Association
Consortium including 8525 cases and 9859 controls found a modest increased risk
of EOC with genital powder use. On the other hand, a cohort study among nurses
did not observe a risk of ovarian cancer associated with perineal talc use, and in the
WHI study, no association of ovarian cancer with talc powder use was found.
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Ovarian Hyperstimulation Due to Infertility Treatment

Controversy persists concerning the association between ovarian hyperstimulation
and ovarian cancer. Results of a systematic review and meta-analysis of nine cohort
studies comprising 109,969 women provided inconclusive evidence for an associa-
tion. A Cochrane systematic review including 11 case-control studies and 14 cohort
studies, for a total of 186,972 women, was also indeterminate for an association.

2.2.4 Preventive Factors
Oral Contraceptives

OCs reduce the risk of developing EOC. The degree of risk reduction varies by dura-
tion of OC use, and the time since last use. For example, for 1—4 years of OC use, the
risk reduction is 22%, and for 15 or more years of use, the risk reduction is 56%. The
reduction in risk persists for more than 30 years after discontinuing the use. On the
other hand, use of combined estrogen-progestin OC is associated with an increased
risk of venous thromboembolism, particularly among smokers. A meta-analysis of
24 case-control and cohort studies reported risk reduction by duration of use. The
risk reduction among women using OC for more than 1 year but less than 5 years was
0.77; and for more than 10 years, 0.43. Based on an estimated lifetime risk of 1.38%
and prevalence of ever-use of oral contraceptives of 83%, the estimated lifetime
reduction of ovarian cancer attributable to oral contraceptives was 0.54%.

Tubal Ligation

Tubal ligation provides a relative reduction in the odds of developing ovarian cancer
of about 30%. A meta-analysis of 16 case-control studies, three retrospective studies,
and two prospective cohort studies observed a decreased risk of ovarian cancer
associated with tubal ligation. The reduced risk was observed up to 14 years after
tubal ligation. The risk reduction is more for the serous subtype as compared to
clear cell, endometroid, and the mucinous subtypes.

Multiparity

Parous women have appropriately 30% lower ovarian cancer risk than nulliparous
women.

Salpingectomy

Data relating salpingectomy to risk of ovarian/tubal cancer are limited, but consis-

tent. A meta-analysis of three studies found an OR of 0.51 for risk of these cancers
among women who had undergone salpingectomy, compared with women who had
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intact fallopian tubes. Protection for bilateral salpingectomy was approximately
twice that for unilateral salpingectomy.

Breast-Feeding

Breast-feeding reduces the risk of EOC. A meta-analysis including 5 prospective
studies and 30 case-control studies examined the association between breast-feeding
and the risk of ovarian cancer. Any breast-feeding was associated with a decreased
risk of ovarian cancer. The risk decreased by 8% for every 5-month increase in dura-
tion of breast-feeding. Another meta-analysis including 5 prospective and 35
case-control studies also found that breast-feeding was associated with a decreased
risk of ovarian cancer. Yet another meta-analysis of 19 studies, including 4 cohort
and 15 case-control studies, also found an overall decreased risk of ovarian cancer.

2.3 Screening for Early Detection

Almost 75% of patients with high-grade EOC are diagnosed with stage IIIc/IV dis-
ease. There are no appropriate screening tests to detect EOC early. This observation
provides the rationale to look for screening tests to diagnose the disease early. The
most commonly used tests are serum tumor marker CA125 and pelvic ultrasound.
However, because of suboptimal sensitivity, and a poor predictive value, there are
concerns about the use of these tests. Data to show improved survival with screening
for ovarian cancer in any population are lacking. Whereas, four large trials demon-
strated that screening may detect the disease early, they failed to show a survival ben-
efit. The US Preventive Services Task Force (USPSTF) recommends against screening
for ovarian cancer in asymptomatic women of average risk, however, the UK
Collaborative Trial of Ovarian Cancer Screening (UKCTOCS) has shown encourag-
ing early data; the final results are awaited [17, 18]. Also, for the high-risk group, such
as those with hereditary breast ovarian cancer syndrome, or a strong family history of
ovarian cancer, the NCCN does not consider screening for ovarian cancer to be a rea-
sonable substitute for salpingo-oophorectomy. However, a woman who declines sal-
pingo-oophorectomy may undergo screening with serum measurement of CA-125
and transvaginal ultrasonography every 6—12 months, starting at age 30-35 years or
5-10 years before the earliest diagnosis of ovarian cancer in the family.

2.4 Prevention of Ovarian Cancer

There are several ways to reduce the risk of developing EOC. It is important to real-
ize that some of these strategies reduce the risk only slightly, while others decrease
it much more [19].
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2.4.1 Primary Prevention

The World Cancer Research Fund (WCRF) recommends eating a variety of healthy
foods, with an emphasis on plant sources. Eat at least 2 %2 cups of fruits and vegeta-
bles every day, as well as several servings of whole grain foods from plant sources
such as breads, cereals, grain products, rice, pasta, or beans. Limit the amount of red
meat and processed meats you eat. Even though the effect of these dietary recom-
mendations on ovarian cancer risk remains uncertain, following them can help pre-
vent several other diseases, including some other types of cancer [2, 3].

Oral contraceptives reduce the risk of developing ovarian cancer, especially for
long-term users. Women who use oral contraceptives for more than 5 years have
about a more than 50% reduction in the risk of developing ovarian cancer [6]. Tubal
ligation and hysterectomy may reduce the chance of developing ovarian cancer;
these surgeries should be done for valid medical reasons. Even if there were no
increased risk of ovarian cancer, some authorities recommend bilateral salpingo-
oophorectomy if there were a need for hysterectomy, if the woman had already gone
through menopause or is close to menopause [19].

2.4.2 Secondary Prevention
Risk-Reducing Salpingo-Oophorectomy

Based on solid evidence, risk-reducing bilateral salpingo-oophorectomy is associ-
ated with a decreased risk of ovarian cancer. Risk-reducing surgery is generally
reserved for women at high risk of developing ovarian cancer, such as women who
have an inherited susceptibility to ovarian cancer. A 90% reduction in risk of ovarian
cancer was observed among women with a BRCAI or BRCA2 mutation [20]. Seven
efficacy studies of risk-reducing salpingo-oophorectomy for prevention of ovarian
cancer and one meta-analysis showed a significant risk reduction of approximately
80% among BRCA1 and BRCA2 carriers. Beyond its use for the prevention of ovar-
ian cancer, salpingo-oophorectomy also reduces the risk of breast cancer signifi-
cantly in the mutation carriers. In the Prevention and Observation of Surgical
Endpoints (PROSE) multicenter prospective cohort study, involving 2482 BRCAI
and BRCA2 carriers, the surgical group had lower all-cause mortality after risk-
reducing salpingo-oophorectomy [21]. Current guidelines recommend risk-reducing
salpingo-oophorectomy for both BRCA1 and BRCA?2 carriers between the ages of
35 and 40 years who have completed their childbearing. For premenopausal women
who have BRCA gene mutations and undergo bilateral salpingo-oophorectomy, the
risk of ovarian cancer is reduced by 85-95%, and the risk of breast cancer by 50%.
The discovery that many pelvic serous cancers originate in the fallopian tubes
raises the question of whether bilateral salpingectomy with delayed oophorectomy
may be an option for premenopausal women who want to delay surgical meno-
pause. Anecdotal reports indicate that this option is being used occasionally.
However, data regarding the efficacy of this investigational approach are lacking.
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Non-surgical Approaches

Data from randomized, controlled trials of oral contraceptives for the prevention of
ovarian cancer are lacking. Observational studies have shown associations between
the use of oral contraceptives and a reduced risk of ovarian cancer among BRCA1
and BRCA2 carriers, with odds ratios suggesting a 40-50% reduction in risk.
However, in this group of patients, there was a concern about a possible increased
risk of breast cancer.

3 Uterine Cancer

3.1 Epidemiology

Uterine cancer is one of the most common gynecological cancers, and predominantly
affects postmenopausal women [1]. According to the Globocan data, uterine cancer
is the 14th most common cancer in both genders, and the 5th most common cancer
in women. In developed countries, uterine cancer is the most common gynecological
cancer. The vast majority of uterine cancers are adenocarcinomas, arising from the
endometrium. Hence, the term endometrial carcinoma is used synonymously with
uterine carcinoma, and the term would be used throughout this chapter. Sarcoma is
much less common and accounts for 2% of all uterine cancers. The most common
form is leimyosarcoma, and the tumor could be either low or high grade. Occasionally,
tumors may metastasize to the uterus. Throughout this chapter, the discussion about
prevention of uterine cancer would be limited to endometrial cancer.

More than 90% of cases of endometrial cancer occur in women older than
50 years of age, with a median age at diagnosis of 63 years. However, around 5% of
women with endometrial cancer are younger than 40 years of age at the time of
diagnosis. The majority of endometrial cancers are diagnosed early (80% in stage
I); however, mortality rates are high if regional or distant disease is present at the
time of diagnosis.

Endometrial cancer can be classified into two main clinic-pathological subtypes:
Type I or endometrioid adenocarcinoma (80-90%) is much more common and usu-
ally presents at an early stage, and has a favorable prognosis. Type I carcinomas are
associated with genetic alterations in PTEN, KRAS genes, and MLH1 promoter
hypermethylation. Type II comprises serous, clear cell, undifferentiated carcino-
mas, and carcinosarcoma. These tumors are aggressive, often present with advanced
stage disease and the prognosis is stage dependent. Serous carcinomas are associ-
ated with TP53 mutations [22].

More recently, The Cancer Genome Atlas (TCGA) research network has classi-
fied the endometrial cancers into four molecular subtypes: POLE (ultramutated)
tumors, Microsatellite unstable tumors, copy-number high tumors with mostly
TP53 mutations, and the remaining group without these alterations. Microsatellite
unstable tumors are mostly seen in families with hereditary nonpolyposis colon
cancer (HNPCC) syndrome, and the majority are type I cancers; however, mutations
in the genes can also occur sporadically [23].
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3.2 Risk Factors

Several factors increase the risk of developing endometrial cancer. These include
obesity, high estrogen levels, estrogen-producing ovarian tumors, polycystic ovarian
syndrome, increasing age, diabetes mellitus, family history of endometrial or colorec-
tal cancer, past medical history of breast or ovarian cancer, endometrial hyperplasia,
or treatment with radiotherapy to the pelvis. On the other hand, pregnancy, OCPs,
and the use of intrauterine contraceptive devices are linked with a reduced risk [24].

3.2.1 Defintive Risk Factors
Obesity

Endometrial cancer is strongly associated with obesity [25]. Most patients with
endometrial cancer have a high body mass index (BMI), and several other compo-
nents of metabolic syndrome (e.g., hypertension, diabetes). There is convincing evi-
dence that overweight and obesity are a cause of endometrial cancer. A recent
meta-analysis involving six studies and 3132 cancer cases revealed a relative risk
(RR) of 1.89 for developing endometrial cancer in women with metabolic syndrome.
Obesity was associated with the greatest increase in RR of 2.21. The strength of
association between obesity and cancer risk increased with increasing BMI; RR for
overweight was 1.32 and for obesity was 2.54. Compared with normal-weight
women, women who have class-3 obesity (BMI > 40 kg/m?) were seven times more
likely to develop endometrial cancer.

Weight cycling is also known to be associated with obesity-related cancers in post-
menopausal women. In the Women’s Health Initiative (WHI) observational study,
almost 81,000 postmenopausal women, aged 63.4 + 7.4 years, were categorized by
self-reported weight change (weight-stable; weight-gain; lost weight weight-cycled)
groups during early to mid-adulthood (18-50 years). A total of 7464 (breast = 5564;
endometrial = 788; colorectal = 1290) cancers were diagnosed. Compared with weight-
stable group, the weight-gain group had significantly increased risk of breast cancer
and endometrial cancer. Weight cycling “4—6 times” was consistently associated with a
38% increased risk for endometrial cancer compared to weight-stable women. The data
suggested that both weight-cycling and weight-gain increase the risk of endometrial
and breast cancer in postmenopausal women. Further analysis revealed that the role of
adult weight-change and weight-cycling tend to be stronger for the endometrioid sub-
type. The Australian National Endometrial Cancer study collected self-reported infor-
mation on height and weight at three time points (age 20, maximum, and 1 year prior
to diagnosis), intentional weight loss/regain (weight cycling) from 1398 women with
endometrial cancer and 1538 controls. Relative to women who maintained a stable
weight during adulthood, greater weight-gain after the age of 20 was associated with
an increased risk of endometrial cancer, 5.3-fold for all types, and 6.5-fold for endome-
troid subtype. Interestingly, women who had lost weight intentionally and subsequently
maintained that weight were not at an increased risk.
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The mechanism of obesity as a cause of cancer has been adequately described.
Obesity promotes endometrial carcinogenesis by conversion of androgens to
estrogen. Increased adiposity in postmenopausal women leads to increased estro-
gen production, stimulating endometrial proliferation, hyperplasia, and cancer.
The increasing rate of obesity corresponds with increasing incidence of endome-
trial cancer in developed countries. This represents a major public health chal-
lenge. Fortunately, high BMI correlates with good prognostic features of
endometrial cancer, such as low tumor grade, endometrioid histology, and presen-
tation at an early stage; however, prevention or treatment of obesity can reduce the
overall burden of disease. The link between obesity and endometrial cancer is
under-recognized among women. For example, one report suggested that as many
as 58% women interviewed were not aware of obesity as a risk factor for endome-
trial cancer.

Family History of Endometrial or Colorectal Cancer

Endometrial cancer tends to run in some families, who have an inherited tendency
to develop colon cancer. The disorder is called hereditary nonpolyposis colon can-
cer (HNPCC). HNPCC is an autosomal dominant disorder caused by germline
mutations in DNA mismatch repair genes. Women with mutations in MLH1, MSH2,
MSHG6, or PMS2 have up to a 40-60% lifetime risk of developing both endometrial
and colorectal cancers, as well as a 9-12% lifetime risk of developing ovarian can-
cer. Some families have a high rate of only endometrial cancer [24]. Tumors associ-
ated with mismatch repair abnormalities appear to have adverse prognostic factors
and clinical outcome.

Endometrial Hyperplasia

Endometrial hyperplasia increases the risk of malignant transformation; however,
the risk depends on the degree of complexity. Simple hyperplasia has a very small
risk of becoming malignant. Simple atypical hyperplasia has about 5% risk of
malignant transformation and complex atypical hyperplasia (CAH) has 30% chance
of transformation, if left untreated. The risk of having an undetected endometrial
cancer is even higher. Radiation used to treat some other cancers can damage the
DNA, increasing the risk of endometrial cancer [25].

Treatment with Radiotherapy to the Pelvis

Radiation used to treat some other cancers can damage the DNA, increasing the risk
of endometrial cancer.
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Excess Estrogen Levels

Hormone balance plays an important part in the development of most endometrial
cancers. Many of the risk factors for endometrial cancer affect estrogen levels.
Before menopause, the ovaries are the major source of estrogen and progesterone.
A shift in the balance toward more estrogen increases the risk. Even after meno-
pause, estrogen is produced in the adipose tissue. Estrogen from the adipose tissue
has a bigger impact after menopause than it does before menopause [24].

Treating menopausal symptoms using estrogen alone can lead to type I
endometrial cancer, and the risk is 10- to 30-fold higher than the general population,
if the treatment continues for 5 years or more. In case treatment is required for
menopausal symptoms, combination hormone therapy is commonly employed,
where progestin is given along with estrogen. Despite the use of combination ther-
apy, yearly follow-up with pelvic exams, and a low threshold for abnormal bleeding
or discharge from the vagina should be maintained.

Nulliparity and infertility are classical risk factors for endometrial cancer.
Infertility secondary to polycystic ovarian syndrome (PCOS) seems to be the most
important with an almost threefold increase in the risk. Women with PCOS have
higher androgen and estrogen levels and lower levels of progesterone.

Estrogen-producing granulose-theca cell tumors carry an increased risk, with up
to 20% of women with these tumors reported as having a simultaneous endometrial
cancer. Both early menarche and late menopause are associated with a twofold
increased risk.

Administration of tamoxifen increases the risk by 2.5-fold. Tamoxifen acts as an
anti-estrogen in breast tissue, but it acts like an estrogen in the uterus. The risk dif-
fers depending on the menopausal status. Premenopausal women treated with
tamoxifen have no increased risk, whereas, in postmenopausal women the risk is
fourfold higher.

3.2.2 Probable
Diabetes Mellitus

Diabetes mellitus, particularly type II DM, is an independent risk factor for endo-
metrial cancer, with an approximate doubling of risk. A recent meta-analysis con-
sisting of 21 cohort studies involving 12,195 incident cases and 575 deaths caused
by EC revealed that DM was associated with an increased incidence of endometrial
carcinoma compared with individuals without diabetes or the general population.
However, the risk of mortality was not increased. Moreover, the fact that people
with type II diabetes mellitus tend to be obese is a confounding factor. A recent
epidemiological study from the United States questioned the independent role of
type II DM as a risk factor for endometrial cancer.
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3.2.3 Equivocal
Past Medical History of Breast or Ovarian Cancer

Women who have had breast cancer or ovarian cancer may have an increased risk of
developing endometrial cancer, too. Some of the dietary, hormonal, and reproduc-
tive risk factors for breast and ovarian cancer also increase the risk of endometrial
cancer.

3.2.4 Preventive Factors

Pregnancy, OCPs and the use of intrauterine contraceptive devices are linked with a
reduced risk.

3.3 Screening for Early Detection

There is no evidence that population-based screening could help in the early
detection of endometrial cancer in asymptomatic women who are at average risk of
developing endometrial cancer. There is also no standard or routine screening test
for endometrial cancer. Furthermore, there is no evidence that screening reduces
mortality from endometrial cancer. To the contrary, screening asymptomatic women
may result in anxiety and complications due to unnecessary biopsies because of
false-positive test results. The current recommendations are that at the time of
menopause, women should be strongly encouraged to report any vaginal bleeding,
discharge, or spotting to ensure appropriate investigations and treatment. Similarly,
women with an increased risk for endometrial cancer due to a history of unopposed
estrogen therapy, late menopause, nulliparity, infertility or failure to ovulate, diabe-
tes or hypertension should be informed of the risks and symptoms of endometrial
cancer and strongly encouraged to report any unexpected bleeding or spotting.
There are no recommendations for screening in this group as well [22, 23].

Women who are at significantly increased risk, such as those with endometrial
thickening over 11 mm, taking tamoxifen, and history of adult granulosa cell tumor
should be managed on a case-by-case basis. The potential benefits, risks, and limita-
tions of testing for early endometrial cancer should be explained to ensure informed
decision-making.

Women with a substantial likelihood of developing endometrial cancer, such as
those having an HNPCC-associated mutation, should be informed of the potential
benefits, risks, and limitations of testing for early endometrial cancer; but they should
also be informed that the recommendation for screening is based on expert opinion
in the absence of definitive scientific evidence. Surveillance of the endometrium by
gynecological examination, transvaginal ultrasound, and aspiration biopsy starting
from the age of 35 years should be offered to all mutation carriers of HNPCC.
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3.4 Prevention of Endometrial Cancer

Strategies to reduce mortality as a result of endometrial cancer have relied largely
on early detection through patient and physician awareness. Most women with
endometrial cancer present with vaginal bleeding, which should trigger evaluation.
Fortunately, the vast majority of patients have type I endometrial cancers, where
they are diagnosed with early-stage tumors associated with a high cure rates.
However, despite these efforts, the incidence of endometrial cancer is increasing,
and so is the mortality. There is an urgent need to reduce the burden of disease.

3.4.1 Primary Prevention

It is clear that reducing risk factors and introducing protective factors may lower
the risk of developing endometrial cancer. All women should follow the WCRF
guidelines for primary prevention of cancer. They should be strongly encouraged to
engage in regular physical activity to attain and maintain a healthy weight. The use
of OCPs is significantly associated with a decrease in endometrial cancer, the benefit
being greater with increasing duration of use; however, this intervention needs to be
balanced with the side effects, and needs a discussion.

Weight Loss

Intentional weight loss has been positively associated with decreasing the risk of
endometrial cancer and mortality. The association between intentional weight loss
and endometrial cancer risk in postmenopausal women by using data from the WHI
study. More than 36,000 postmenopausal women, aged 50-79 years, had their body
weights measured and body mass indices calculated at baseline and at year 3.
Intentional weight loss was assessed by self-report at year 3. Compared with women
who had stable weight, women who had a 5% or greater loss of body weight had a
nearly 30% reduction in the risk of endometrial cancer. Furthermore, among obese
women, an intentional weight loss of 5% or greater lowered the risk of endometrial
cancer by 66%. Not unexpectedly, the reduction in endometrial cancer risk was due
in large part to a reduction in type I, estrogen-dependent tumors. In addition, the risk
reduction was most pronounced in those women who received hormone replacement
therapy with combination of estrogen and progesterone. These data suggest that even
a modest amount of weight loss can lead to a significant reduction in endometrial
cancer risk in the long-term [28].

The effect of fluctuations in weight loss was studied in the lowa Women’s Health
study. More than 21,000 postmenopausal women, free of cancer completed a
questionnaire about intentional and unintentional weight loss episodes of 20 pounds
or more during adulthood. Compared with women who never had the desired degree
of weight loss, in women who had a more than 20 pounds intentional weight loss,
the incidence rates of developing any cancer were 11% lower, more marked for
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breast cancer, followed by colon and the endometrial cancer. Furthermore, women
who were not overweight at the time of analysis also had an incidence of cancer
similar to non-overweight women [29].

Since, chronic hyperinsulinemia is linked both to obesity and metabolic syndrome
which influences endometrial proliferation through direct and indirect actions,
hence weight loss, calorie restriction, and physical activity have been known to
reduce the risk of endometrial pathology. For these reasons, lifestyle modifications,
and the oral hypoglycemic agent, metformin have been proposed as preventive fac-
tors. Metformin reduces the metabolic syndrome, lowers insulin and testosterone
levels in postmenopausal women, and has been shown to be a potent inhibitor of
endometrial cancer cell proliferation [30].

Oral Contraceptive Pill

Combination hormone therapy can reduce the risk. The risk is lowest in women who
take the pill for a long time, and this protection continues for at least 10 years after
stopping the OCP. Despite the use of combination therapy, yearly follow-up with
pelvic exams, and a low threshold for abnormal bleeding or discharge from the
vagina should be maintained.

3.4.2 Secondary Prevention
Bariatric Surgery

Given the difficulty of weight loss, other, more aggressive preventive strategies also
may be beneficial in high-risk women. A meta-analysis to examine the impact of
bariatric surgery on the development of endometrial cancer noted a 60% reduction
in cancer risk in women who underwent the procedure compared with women in a
control group [31, 32].

Intrauterine Contraceptive Device and Progestational Agents

Although findings from a meta-analysis verified the efficacy of the levonorgestrel
intrauterine device (LNG-IUD) in preventing uterine polyps in breast cancer patients
treated with tamoxifen, there was insufficient evidence to ascertain whether the
LNG-IUD was associated with any benefit in reducing the incidence of precancer-
ous or cancerous lesions. A cost-effectiveness analysis of the prophylactic use of
LNG-IUD for the prevention of endometrial cancer in obese women found that
such a strategy was potentially cost-effective to prevent deaths as a result of
endometrial cancer. Among patients who had a body mass index of 40 kg/m?* or
greater, the LNG-IUD was more effective than usual care, and the incremental cost-
effectiveness rate was just less than $75,000 [24].
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Hysterectomy

Women with a very high risk (60%) for endometrial cancer include: carriers of
HNPCC-associated genetic mutations, those who have a substantial likelihood of
being a mutation carrier, women without genetic testing results but who are from
families with a suspected autosomal dominant predisposition to colon cancer.

In women with HNPCC, the following options are available: annual screening
beginning at age 35 years, regular hysteroscopy and endometrial biopsies or hys-
terectomy (current options), the application of local progesterone, treatment of
premalignant disease.

Hysterectomy and Bilateral Salpingo-oophorectomy

Prophylactic surgery (hysterectomy and bilateral salpingo-oophorectomy), prefer-
ably using a minimally invasive approach, should be discussed at the age of 40 as an
option for HNPCC mutation carriers to prevent endometrial and ovarian cancer.
Findings from a prospective observational cohort study of women with HNPCC
opting for endometrial cancer screening and who underwent annual outpatient hys-
teroscopy and endometrial sampling suggested that in women with HNPCC, annual
endometrial sampling is acceptable and has high diagnostic accuracy in screening
for endometrial cancer and atypical endometrial hyperplasia. However, larger multi-
institutional studies are needed for confirmation [23].

4 Cervical Cancer

4.1 Epidemiology

Cervical cancer is one of the most preventable cancers. Cervical cancer is the most
common gynecological cancer, and predominantly affects women in the fourth and
the fifth decades of life. According to the Globocan data, cervical cancer is the sev-
enth most common cancer in both genders, and the fourth most common cancer in
women. It is one of the most common cancers among women in more than 40 coun-
tries in the world. Despite the possibility of prevention, it is one of the leading
causes of death worldwide, and is the most common cause of cancer-related death
in more than 50 countries [1].

The vast majority of deaths secondary to cervical cancer occur in low- and
middle-income countries (LMICs). Out of half-a-million cases diagnosed world-
wide, 85% occur in LMICs. Almost quarter-of-a-million women die of cervical
cancer, and it is the leading cause of cancer deaths in eastern and central Africa and
some central and South American countries. Cervical cancer is of two main
histological subtypes. More than 90% of cervical cancers are squamous cell carci-
noma, beginning in the transformation zone between exo-cervix and the endo-cer-
vix. The rest are adenocarcinomas, arising from the mucus-producing cells off the
endo-cervix. The incidence of adenocarcinoma is increasing over the last
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20-30 years. Less commonly there are mixed tumors, adeno-squamous carcinoma.
In addition, melanoma, sarcoma, or lymphoma may involve the cervix, like any
other part of the body. The discussion in the ensuing paragraphs would be about
squamous cell carcinoma and adenocarcinoma.

4.2 Risk Factors

The primary cause of cervical cancer is a persistent or chronic infection with human
papilloma virus (HPV) [33]. There are several strains. Cancer of the cervix is caused
by one or the several of “high-risk™ strains. More than 70% of all the cervical can-
cers are caused by two types of HPV, 16 and 18. A small percentage of cervical
cancer is caused by strains 31, 33, 45, and 58. The low risk groups of HPV, 6 and
11, cause genital warts or condylomas, and do not cause cancer.

HPYV is acquired during sexual intercourse, usually early during the sexual life.
Whereas, infection with HPV is the underlying cause of almost all cases of cervical
cancer, all infections do not cause cancer. For the vast majority of men and women,
who become infected with HPV, the infection resolves spontaneously. However,
only in a small percentage of people, the infection persists, and lead to a process of
carcinogenesis through the stages of precancer, cancer in situ, invasive cancer, and
in some cases to metastasis at the time of presentation. The process of carcinogen-
esis may take 10-20 years. The slow progression of changes due to persistent HPV
infection provides ample opportunity to detect lesions early and offer treatment
either at precancer stage, or earlier in the course of invasive cancer. Women who are
coinfected with human immunodeficiency virus (HIV) may develop the invasive
cervical cancer earlier than those who do not have HIV infection.

Besides HPYV, other etiological/risk factors include: immunocompromised indi-
viduals are more likely to have persistent HPV infection and faster progression to
cancer, individuals who have concomitant infection with herpes simplex, chlamydia,
and gonorrhea are at a higher risk, multiparity and younger age of the first birth may
increase the risk, tobacco smoking is associated with an increased risk.

4.3 Screening for Early Detection

Because of the slow progression of changes due to persistent HPV infection, there
is an ample opportunity to detect the precancerous lesions early through screening
and follow-up. Two types of screening tests are widely available and recommended.
Screening is recommended in women aged 21-65 years with cytology (papanico-
laou smear—pap smear) every 3 years. For women who would like to have less
frequent screening, a combination of pap smear and HPV DNA is recommended
every 5 years. Although the pap test has been more successful than any other screen-
ing test in preventing a cancer, it has its limitations, such as false-positive, false-
negative, and equivocal results. If the pap smear shows epithelial cell abnormalities,
such as atypical squamous cells of uncertain significance (ASC-US) or atypical
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squamous cells where high-grade squamous intraepithelial lesion (HSIL) can’t be
excluded (ASC-H) or atypical glandular cells (AGC), more tests can be done [34].

Since the most important risk factor for developing cervical cancer is infection
with HPV, the HPV DNA test is used in combination with the pap smear to screen
for cervical cancer for women aged 30 and older. The HPV DNA test can also be
used in women who have slightly abnormal pap test results. If the pap test result is
normal, but the test is positive for HPV, the test is done specifically for HPV types
16 or 18. In case either pap test or HPV DNA is positive, then several other tests are
carried out to identify the nature of lesion. These include colposcopy, cervical
biopsy, endocervical curettage, or a cone biopsy.

4.4 Prevention of Cervical Cancer

One of the most significant advances in the fight against cervical cancer is the devel-
opment of HPV vaccines. Early vaccination with regular screening is now the most
effective way to prevent cervical cancer. In June 2006, the first vaccine was approved
by the FDA for use in 9-26-year-old women and girls. In large clinical trials, the
vaccine was found to be very effective in protecting women from developing
precancerous lesions of the cervix, vulva, and vagina. More recently, this vaccine has
been approved and recommended for boys. Vaccine is administered as an injection,
in a 3-dose series. Ideally, girls and boys should be vaccinated before beginning
sexual activity. Studies show that the vaccines are extremely safe. Three vaccines are
approved by the FDA to prevent HPV infection: Gardasil, Gardasil, and Cervarix.
All three vaccines prevent infections with HPV types 16 and 18, the two high-risk
HPVs responsible for 70% of all cervical cancers. Gardasil also prevents infection
with HPV types 6 and 11, which cause 90% of genital warts [35].

The incidence and mortality secondary to cervical cancer is related largely to
socioeconomic factors, gender bias, and culture-dependent factors, which restrict
access to programs related to primary and secondary prevention, early detection and
treatment. To support the argument further, the incidence and mortality rates of
cervical cancer has fallen in the last 30 years where social and economic status has
improved, largely through the implementation of secondary prevention, screening
and early detection, and evidence-based treatment programs.

In order to implement a robust program for prevention of cervical cancer, the
World Health Organization (WHO) has suggested a framework consisting of six
building blocks. These include service delivery, health workforce, information,
medical products, vaccine technologies, finance, and leadership. WHO program
recognizes the inequalities in access to effective screening and treatment programs
across the globe, and is designed to decrease the incidence of cervical cancer, and
morbidity and mortality associated with the cancer [36].

The premise of the comprehensive program is that it should include primary,
secondary, and tertiary prevention, and that the screening programs should be linked
to treatment, post-treatment follow-up, and access to palliative care. The recent
progress in prevention programs is outlined as follows.
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4.4.1 Primary Prevention

The goal of the primary prevention is to reduce the HPV infections, because some
of those may lead to persistent infections and cause cancer. The strategies for pri-
mary prevention include vaccination for girls aged 9—13 years, healthy sexual edu-
cation, condom promotion or provision, and male circumcision. Recently, the
American Society of Clinical Oncology (ASCO) issued a clinical practice guide-
line on HPV vaccination for primary prevention of cervical cancer. The recommen-
dations are based on four levels of resource settings, pertaining to financial resources
of a country or region.

The key recommendations are: For all resource settings two doses of HPV vac-
cines should be administered to girls aged 9-14 years, with an interval of at least
6 months and up to 15 months, and girls who have a concomitant HIV infection
should receive three doses. Boys may be vaccinated if there is an at least 50% cover-
age in priority female target population. For maximal and enhanced resource set-
tings are: If girls are 15 years or older and have received their first dose before the
age of 15, they may complete the two-dose course, and if they did not receive the
first dose before age 15, they should receive three doses. The last dose could be
given till age 26. For, Basic and limited resource settings: If resources are still avail-
able after vaccinating girls 9-14 years of age, then girls who received one dose may
receive additional doses between ages 15 and 26 years.

4.4.2 Secondary Prevention

The goal of secondary prevention is to reduce the incidence and prevalence of cervi-
cal cancer and associated mortality, by intercepting the progress from pre-cancer to
cancer. The evidence-based strategies for secondary prevention include: counseling
and information sharing, screening for all women aged 30-49 years; and treatment
of identified precancerous lesions.

In the recent past, ASCO issued a clinical practice guideline on HPV vaccination
for secondary prevention of cervical cancer in the resource-stratified manner. The
key recommendations are:

a. Screening: for all resource settings HPV DNA testing is recommended (visual
inspection with acetic acid is acceptable in basic settings) for women between
the ages 25 to 65 every 5 years; and between the ages 30 to 65, if two consecutive
tests are negative at 5-year intervals, then every 10 years

b. Triage using either visual assessment (basic settings); or genotyping and/or
cytology (all other settings).

c. Women who are HIV positive should be screened with HPV testing after diagno-
sis and screened twice as many times per lifetime as the general population.

Triage; basic (visual assessment), other settings (genotyping and/or cytology),
treatment; basic (treatment if abnormal triage results are present), options include
cryotherapy or loop electrosurgical excision procedure. Other settings (colposcopy
for abnormal triage results, options include loop electrosurgical excision procedure
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or ablation). Follow-up: Twelve-month post-treatment follow-up in all settings, and
women who are HIV positive should be screened with HPV testing after diagnosis
and screened twice as many times per lifetime as the general population. In basic
settings without mass screening, infrastructure for HPV testing, diagnosis, and
treatment should be developed.

4.4.3 Tertiary Prevention
The goal of tertiary prevention is to decrease the number of deaths due to cervical
cancer. The strategies for tertiary prevention include effective referral mechanisms

to cancer centers, timely diagnosis, evidence-based, clinical stage-guided treatment
and palliative care plan.

5 Conclusion

Gynecological cancers are the fifth most common cancer globally. Epithelial cancer
of the ovary, uterus, and the cervix constitute almost 80-90% of all gynecological
cancers. The risk factors for all three common cancers have been described (Table 3).

Table 3 Risk factors for common gynecological cancers

Risk factors
Definitive Probable Equivocal
Ovarian BRCA 1 or BRCA 2 related Obesity High total, animal and
cancer inherited genetic syndrome dairy fat
Family history of breast or Alcohol
ovarian cancer Aspirin
Past history of breast or NSAIDs
ovarian cancer syndrome Peritoneal talc
HNPCC Ovarian hyperstimulation
Cowden’s syndrome
Peutz-Jeghers syndrome
Hormone replacement therapy
Uterine Obesity Diabetes mellitus Past medical history of
cancer HNPCC Estrogen therapy breast or ovarian cancer
Family history of endometrial | Nulliparity
or ovarian cancer Infertility
Endometrial hyperplasia Estrogen-producing
Radiotherapy to pelvis tumors
Tamoxifen therapy
Cervical |HPV Immunosuppression
cancer Immunosuppression Multiparity
Tobacco smoking

HNPCC Hereditary nonpolyposis coli cancer syndrome, NSAIDs Nonsteroidal anti-inflammatory
drugs, HPV Human papilloma virus
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Preventive strategies revolve around the risk factors. Evidence-based guidelines
have been discussed in this chapter. Lifestyle changes as suggested by the WCRF
have been shown to reduce the risk of uterine cancer, and may also help in reducing
the risk of ovarian and the cervical cancer. Intentional weight loss reduces the risk
of endometrial cancer in a dose-dependent manner. Vaccination has been shown to
reduce the risk of cervical cancer, but the success has been modest, as only a small
percentage of target population is aware of the intervention, and is available to even
a smaller percentage of population. Risk-reducing salpingo-oophorectomy reduces
the risk in high-risk patients with ovarian cancer, such as those with genetic muta-
tions, and hysterectomy is increasingly being employed in those with genetic muta-
tions predisposing to endometrial cancer (Table 4).

Table 4 Prevention of common gynecological cancers

Preventive strategies
Primary Secondary Tertiary
Ovarian WCRF Risk-reducing bilateral WCRF recommendations
cancer recommendations salpingo-oophorectomy Effective referral
Oral contraceptive pills | Salpingectomy mechanisms to cancer
Tubal ligation and centers
hysterectomy Timely diagnosis
Uterine Weight loss Bariatric surgery Evidence-based, clinical
cancer Oral contraceptive pill | Intrauterine contraceptive | Stage-guided treatment
devices
Progestational agents
Hysterectomy
Cervical | Vaccinations for girls Counseling and
cancer aged 9-13 years information sharing
Healthy sexual Screening for all women
education aged 30-49 years
Condom promotion or | Treatment of identified
provision precancerous lesions
Male circumcision

WCRF World Cancer Research Fund
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Medical Aspects of Gastrointestinal
Cancer Etiology, Therapy,
and Survivorship

Sivaprasad Punnaveetil and Preeja Prabhakar

1 Introduction

Cancer is a major public health problem all over the world. It is a much bigger issue
in the developing world where a lack of resources, public awareness, and lack of
political encouragement exist in combating this dreaded illness, which contributes
to its increased incidence, sustained prevalence, and poor medical and psychological
outcomes. Increases in the number of individuals diagnosed with cancer each year,
due in large part to aging and growth of the population, as well as improving
detection and survival rates, have led to an ever-increasing number of cancer
survivors.

Neoplasia in the gastrointestinal (GI) tract is one of the commonest illnesses that
gastroenterologists confront. Advances in our understanding of the cellular and
molecular basis of GI neoplasia have provided a foundation for the development of
novel diagnostic and therapeutic approaches. Although some features are tissue site
specific, depending on its anatomical and embryological origin, many mechanisms
of tumorigenesis are common to the most structures throughout the GI tract.
Neoplasia results from disruption of the regulatory mechanisms of normal cell
growth and division. Growth is determined by the balance of cellular proliferation,
differentiation, senescence, and programmed cell death. Apoptosis (or programmed
cell death) is an important mechanism that counterbalances cell proliferation, and
abnormalities involving downregulation of apoptosis play a critical role in
oncogenesis.
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Replicative senescence plays a role in determining overall growth in cell popula-
tions. Most primary cells when grown in vitro have a limited replicative potential
and eventually undergo senescence [2]. In contrast, malignant cells replicate indefi-
nitely. Telomeres are repetitive DNA sequences at the ends of all chromosomes that
regulate chromosomal stability. Telomeres shorten with each cell division, and
when they have been reduced to a certain critical length, cellular senescence or
aging occurs. Activation of the telomerase enzyme is essential to escape from repli-
cative senescence. Cancer cells are able to maintain their telomere length despite
multiple cell divisions through the reactivation of telomerase enzyme activity.

2 Factors for Cancer Development

2.1 Intestinal Tumor Development: Multistep Pathways

Multiple genetic alterations occur during the transformation of normal intestinal
epithelium to malignancy. This multistep nature of neoplasia is illustrated by the
changes accumulated that lead to the development of colonic neoplasia. In colonic
malignancy, the accumulation of genetic alterations roughly parallel the progression
from normal epithelium through adenomatous polyps (or, in the case of ulcerative
colitis, flat dysplastic mucosa) to malignant neoplasia. Studies on the molecular
pathogenesis of colon cancer have served as an ideal example for the elucidation of
genetic alterations in other GI cancers. Similar progression is also seen in the
transition from normal squamous epithelium to metaplastic mucosa (Barrett’s
esophagus) through dysplasia to adenocarcinoma of the esophagus. Gastric and
pancreatic oncogenesis are each thought to proceed through their own similar
multistep pathways [1-3].

A number of factors could promote the likelihood of malignant transformation
by promoting stimuli for increased cell turnover, which increases opportunities for
somatic mutations to accumulate [4]. In the GI tract, these promoting factors include
dietary constituents as well as chronic inflammation, which are associated with
increased cell proliferation. Thus, a number of chronic inflammatory conditions
increase the tissue-specific risk of cancer, such as ulcerative colitis, chronic gastritis,
chronic pancreatitis, Barrett’s esophagus, and chronic hepatitis. Although the
mechanisms by which inflammatory processes lead to tumor development are
incompletely understood, cytokines produced by inflammatory cells can inhibit
apoptosis, stimulate tumor cells, and stimulate proliferation [5].

Clonal expansion is essential to tumor development. Clonal expansion occurs
when a specific gene mutation results in survival advantage for the cell. A second
round of clonal expansion occurs when a cell within this population sustains still
another genetic alteration, which further enhances its growth properties. After
several mutations, a final genetic alteration eventually confers a property that,
together with the preceding genetic alterations, makes a cell malignant [6]. A
genetically unstable environment was thought to be necessary for the development
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of the multiple mutations that ultimately result in cancer. Genomic instability is
observed in almost all cancers, regardless of organ site. Instability of the genome
may result from several mechanisms. In colon cancer, there are at least two well-
recognized forms of genetic instability, and they have been termed chromosomal
instability and microsatellite instability [7].

2.2 Neoplasia-Associated Genes

The genes that collectively play an important role in oncogenesis generally lead to
disruption of the regulated mechanisms of normal cell proliferation. All these genes
that become altered appear to belong to one of three distinct groups: (a) oncogenes,
which actively confer a growth-promoting property; (b) tumor suppressor genes, the
products of which normally restrain growth or proliferation; (c) DNA repair genes,
which contribute to transformation by fostering genomic instability and facilitating
mutations in other genes. Activation of oncogenes or inactivation of tumor
suppressor genes and DNA repair genes contributes to malignant transformation. A
list of the various neoplasia-associated genes is provided in Table 1. This list is not
comprehensive and covers only the most common neoplasia-associated genes in GI
cancers.

2.3 Environmental Mutagenesis

Fundamentally, even though cancer is a genetic disorder, environmental factors play
an important role in tumor formation. They ultimately lead to the expression of
abnormal genes or inappropriate expression of normal genes, the products of which
lead to the malignant phenotype. Mutations can result from any class of carcinogen,
including chemical mutagens and ionizing and ultraviolet radiation. Dietary
constituents and their metabolites may act as important environmental mutagens
within the GI tract. Viral agents also can lead to disruption of normal genes by entry
into the host genome in a position that disrupts normal gene sequences or through
the introduction of aberrant genes present in the virus’s own genetic material. Viral
agents that appear to play a role in oncogenesis in the GI tract include human
papillomavirus in squamous cell cancers of the esophagus and anus, Epstein-Barr
virus in gastric lymphoepithelial malignancies, and hepatitis B virus in hepatocellular
carcinoma. Infection and chronic inflammation in stomach due to Helicobacter
pylori is also implicated as the predominant factor in the causation of gastric
carcinoma and lymphoma.
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Table 1 Neoplasia-associated genes

Gene Esophagus | Stomach | Biliary tract | Pancreas ‘ Colon ‘ Liver ‘ Gist
Oncogenes

K-ras + + + +

c-Myc + + + + +
EGFR + +

ErbB2 +

B-Raf + +

c-Src +

c-Kit +
p-catenin + + + +
Tumor suppressor genes

TP53 + + + + + +
ple™EA + + + + +
pl4ARF + +

APC + +

DPC4, SMAD4 + +

E-cadherin +

Rb +
BRCA2 +

Axin +
LKBI +

DNA repair genes

MSH2, MLHI, MSH6, + + +

PMS2

MYH +

GIST Gastrointestinal stromal tumor
Adapted from Sleisenger and Fordtrans Gastrointestinal and Liver diseases [1]

2.4 Chemical Carcinogenesis

Metabolic activation by the host is a key determinant of the carcinogenic potential
of many chemical compounds. The initial compound, the procarcinogen, is
converted by host enzymes to an electrophilic derivative usually free radicals
(reactive oxygen or nitrogen species), which then chemically modifies
DNA. Mutations result from errors that occur during DNA replication. These
mutations, along with other tumor-promoting factors, facilitate or cause malignancy.

These principles are exemplified by experimental colonic carcinomas that arise
in rodents fed cycasin, a glucosylated compound present in the cycad nut. The
glucose residue of cycasin is cleaved in the rat liver by p-glucosidase to form
methylazoxymethanol (MAM), which is subsequently deformylated by enzymes in
the liver and colon to give rise to methyldiazonium, a carcinogen. These same
metabolites are formed through hepatic enzymatic modification of the compound
dimethylhydrazine and result in colon cancer in rats [1].
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2.5 Dietary Factors

The mucosal surfaces from which most primary cancers in the GI tract develop are
exposed to a complex mixture of dietary constituents which are potential carcinogens
or procarcinogens. The ability of dietary factors to act as mutagens in humans was
demonstrated directly in 1995. The frequency of contamination of foodstuffs with
aflatoxins, a fungal metabolite, parallels the incidence of hepatocellular carcinoma
in various areas of the world [8]. Studies have demonstrated that aflatoxins cause
mutations in the 7P53 gene in hepatocellular carcinoma and have provided a
compelling link between genes and the environment [8].

Nitrates present in many foods, commonly smoked preparations, appear to be
additional dietary constituents that may act as procarcinogens in the GI tract. Diet-
derived nitrates can be converted by bacterial action in a hypochlorhydric stomach
to nitrites and subsequently to nitrosamines which are carcinogenic [9]. These
events may underlie the documented correlation between dietary intake of foods
high in nitrates and the incidence of gastric cancer in different populations. Variations
in the relative and absolute amounts of dietary fats may lead to alterations in the
composition of the colonic microbiome and their metabolic characteristics, resulting
in modulation of the production of enzymes that convert dietary constituents into
potentially mutagenic compounds.

Changes in dietary fiber content can alter the transit time of luminal contents in
the bowel, thereby changing the duration of exposure of the mucosa to potential
mutagens. Bile salt content may be an additional luminal factor that can modulate
the biological effect of procarcinogens. Deconjugated bile salts may promote
carcinogenesis through mucosal injury and enhanced epithelial proliferation.
Populations that have a high fiber intake and resulting fast colonic transit times
generally exhibit a lower incidence of colon cancer than populations with low fiber
intake and delayed transit. The incidence of colon cancer in Japanese immigrants to
the United States who consume a Western diet is much higher than that of native
Japanese who consume a traditional Japanese diet [10].

Alcohol consumption is a well-known association with an increased risk of can-
cers of the mouth, pharynx, larynx, esophagus, liver, colorectum, and breast. Though
not a dietary constituent, smoking increases the risk of more than 15 different types
of cancer and accounts for at least 30% of all cancer deaths. Smoking also interferes
with some common cancer treatments.

3 Cancer Treatment and Survivorship

There are several definitions of cancer survivors; here, the term “cancer survivor” is
used to describe any person who has been diagnosed with cancer, from the time of
diagnosis through the rest of his/her life. There are at least three distinct phases
associated with cancer survival, including the time from diagnosis to the end of
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initial treatment, the transition from treatment to extended survival, and long-term
survival [11]. The goal of treatment is to “cure” the cancer, or prolong survival in
patients with advanced disease, while preserving the highest possible quality of life
in both the long and short term. Many survivors, even among those who are cancer
free, must cope with the long-term effects of treatment, as well as psychological
concerns, such as fear of recurrence.

3.1 Staging of Cancer

A number of different staging systems are used to classify cancers. The TNM stag-
ing system is most commonly used and assesses cancer in three ways: the size and
extension of the tumor (T), regional lymph node involvement (N), and the presence
of distant metastases (M). Once the T, N, and M classifications are determined, a
stage of 0, I, II, III, or IV is assigned. The TNM staging system is commonly used
in clinical settings and is used for the description of treatment patterns.

3.2 Treatment of Bowel Cancer

Treatment of cancers depends on its stage at the time of diagnosis. Once cancer of
the GIT is diagnosed, the only curative treatment is surgery. Other modes of therapy
exist like chemotherapy and radiotherapy. A lengthy discourse on GI cancer
treatment is beyond the scope of this chapter. After diagnosis, a multidisciplinary
team consisting of the treating physician, oncologist, gastroenterologist, surgeon,
cancer psychologist, and dietician sits together with the patient and discusses the
viable options, which include curative options, induction of remission, and treatment
of cancer-related symptoms like pain, bowel obstruction, jaundice, and psychological
issues. Together a plan of action is chalked out, which attends not only to control
cancer but a holistic approach is used wherein the patients’ physical, mental, and
psychological well-being is aimed rather than just cure of physical disease [12].

In most instances, by the time the cancer is diagnosed, it would have reached a
stage where treatment with surgery alone may not be curative. Hence surgery
followed by chemotherapy and radiotherapy may need to be employed. Sometimes,
radiotherapy and chemotherapy are given in advance to a patient before surgery so
as to downstage the cancer and thereby facilitate a curative surgery. This methodology
is called the use of neoadjuvant chemo/radiotherapy.

In this age of technology, molecule-specific cancer therapies have become the
vogue. The use of medications that target minute molecules like cytokines and
growth factors which are indispensable to cancer progression have been developed
which are better than the use of broad spectrum anticancer drugs that are fraught
with side effects. In some cancers, which are very advanced, no benefit is expected
from the curative modes of treatment and hence only palliative care in the form of
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analgesia, medication for symptom relief, and hospice is provided. The aim of
palliative care is to provide the patient with comfort and dignity during his last days
of life.

3.3 Common Effects of Cancer and Its Treatment

The management of symptoms related to cancer and toxicities from its treatment are
an important part of cancer care, affecting the completion of treatment and both
short-term and long-term quality of life and physical and psychological functioning.
The vast majority of cancer patients experience one or more symptoms or side
effects during active treatment [12]. Commonly reported symptoms are pain,
fatigue, and emotional distress [13].

3.3.1 Fatigue

Fatigue is the most common side effect of active cancer treatment, reported in
28-90% of cancer patients [14]. It is more common in patients with advanced
cancers and those who undergo treatment with radio/chemotherapy. Compared with
fatigue experienced by healthy individuals, cancer-related fatigue is more severe
and less likely to be relieved with rest. For many patients, chronic fatigue persists
long after treatment has ended. Cancer-related fatigue is commonly associated with
sleep disturbance, emotional distress, and pain. Cancer patients may experience
fatigue due to anemia, which can be treated with a variety of medications or blood
transfusion. Causes of cancer-related fatigue are multifactorial, and may include
depression, chronic inflammatory processes with elevated cytokines, and alterations
in muscular energy systems activity. A variety of interventions are recommended
for cancer patients experiencing fatigue. Exercise, especially moderate-intensity
resistance exercise reduces cancer-related fatigue.

3.3.2 Pain

A recent meta-analysis estimated the prevalence of pain to be 59% among patients
in active treatment, 33% among survivors after treatment, and 64% among those
with advanced/metastatic/terminal disease [15]. Both surgery and radiation therapy
can cause nerve damage, resulting in chronic pain. Chemotherapy drugs, especially
vincristine and the taxanes, can damage sensory nerve cells, causing peripheral
neuropathy. Cancer-related pain reduces quality of life and is associated with
depression and poor functioning. Although studies suggest that pain control can be
achieved for 80% of cancer patients experiencing pain, it is frequently underassessed,
underreported, and undertreated. Clinical practice guidelines from both the World
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Health Organization and the National Comprehensive Cancer Network recommend
pain assessment throughout the course of treatment and continuing care [16, 17].

3.3.3 Bone Mineral Density

Many cancer therapies cause a reduction in bone density. Osteopenia and osteopo-
rosis are common side effects in breast cancer patients with chemotherapy-induced
ovarian failure and those treated with aromatase inhibitors. Osteoporosis increases
the risk of fractures, which are associated with a reduced quality of life, particularly
among older survivors [18].

3.3.4 Cardiotoxicity

A number of cytotoxic drugs used in cancer therapy, particularly anthracyclines
(e.g., doxorubicin) but also cyclophosphamide, cisplatin, fluorouracil, and taxanes,
can result in cardiomyopathy, ischemia, and dysrhythmias [19]. Cardiovascular
toxicity from radiotherapy can present in a number of ways, including as accelerated
atherosclerosis of coronary arteries in the irradiated areas, dysrhythmia, and valvular
disease. A large, long-term study of excess cardiovascular mortality in survivors of
childhood cancer reported a fourfold increased risk for chemotherapy recipients and
a fivefold increased risk for patients treated with radiotherapy [20].

3.3.5 Cognitive Deficits

Cognitive deficits from cancer treatment, often referred to as “chemo brain,” may
include problems with attention, concentration, memory, and mental processing
speed. Although only a subgroup of survivors suffers long-term cognitive
dysfunction, these deficits can be debilitating [21]. Any study that aims to look at
the brain dysfunction in these patients is complicated by chemotherapy-related
fatigue, depression, and anxiety, which can also contribute to poor cognitive
performance.

3.3.6 Distress

Cancer-related distress has been defined as a multifactorial, unpleasant emotional
experience of a psychosocial nature that may interfere with the ability to cope
effectively with cancer and its treatment. Almost all cancer patients experience
some level of distress, ranging from mild, which may be addressed by discussions
with the treatment team, to more severe, which should be referred to appropriate
supportive services (mental health, social work, and counseling). A recent meta-
analysis found that 30—40% of cancer patients had diagnosable mood disorders.
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Early detection and treatment of distress can improve treatment adherence and
patient-provider communication and decrease the risk of severe depression or
anxiety [22].

3.3.7 Infertility

Infertility can result from surgery, radiation therapy, or chemotherapy. Chemotherapy
has a highly toxic effect on the ovaries that increases with dose and duration. Risk
of ovarian failure is highest among women closest to natural menopause, who have
smaller follicular reserves. Uterine radiation is associated with infertility,
miscarriage, preterm labor, and low-birth weight infants. Male infertility from
cancer surgery or radiation therapy can result from anatomic changes, hormonal
imbalances, or lower production and quality of sperm.

3.3.8 Sexual Dysfunction

Although sexual dysfunction is typically associated with males treated for prostate
cancer, a large percentage of female survivors of gynecologic and breast cancers
also experience sexual dysfunction. In female survivors, painful sex is the most
prevalent symptom, while the most common symptom for men is erectile
dysfunction. For both sexes, a diminished interest in sex is frequently reported and
is often persistent [23].

3.4 Recovery Phase

Regular medical care following primary treatment is particularly important for can-
cer survivors because of the potential persistent and delayed effects of treatment, as
well as the risk of recurrence and additional primary malignancies. The patients and
their primary care providers be given a treatment summary and comprehensive sur-
vivorship care plan developed by one or more members of the oncology team. The
survivorship care plan may include a schedule of follow-up visits, symptoms of
which to be aware, potential long-term treatment effects, health behaviors to
enhance recovery, and community resources. The implementation of survivorship
care plans could be facilitated by the development of consensus guidelines for
survivor care to provide content for the plans and the use of electronic systems to
reduce the time required of clinicians to individually tailor the plans.
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3.5 Long-Term Survivorship

The last phase of the cancer continuum can be both stressful and hopeful. Survivors
are relieved to have completed treatment, but may need to make physical, emotional,
social, and spiritual adjustments to find a “new normal.”

3.5.1 Quality of Life

The majority of long-term, disease-free cancer survivors (5 years or more) report a
quality of life comparable to those with no history of cancer [24]. Rather than just
physical improvement, it is desirable for the patients to have emotional, spiritual,
and financial well-being all of which contributes to the holistic approach that must
be encouraged for a well-rounded recovery. More invasive and aggressive treatment
regimens tend to be associated with poorer functioning in the long term. Certain
groups report greater difficulty regaining quality of life, including women;
nonwhites; and those who are diagnosed at a younger age, have other chronic health
conditions, have lower socioeconomic status, or are unemployed. Age is also an
important predictor of quality of life; survivors diagnosed at a younger age tend to
have poorer emotional functioning, whereas an older age at diagnosis is often
associated with poorer physical functioning.

3.5.2 Physical Activity

Low physical activity can hasten recovery from the immediate side effects of treat-
ment, prevent long-term effects, and may reduce the risk of recurrence and increase
survival. Intervention studies have shown that exercise can improve fatigue, anxiety,
depression, self-esteem, happiness, and quality of life in cancer survivors [25].
Exercise for cancer survivors should be individualized and tailored according to the
disease site and stage and the survivor’s capabilities.

3.5.3 Nutrition and Maintaining a Healthy Body Weight

During treatment, though many patients become underweight due to treatment-
related side effects, some patients gain weight. A diet that is plentiful in fruit, veg-
etables, and whole grains but contains limited amounts of fat, red and processed
meat, and simple sugars may reduce both the risk of developing second cancers and
the risk of chronic diseases. Alcohol consumption is associated with an increased
risk of cancers of the mouth, pharynx, larynx, esophagus, liver, colorectal, and
breast [26].



Medical Aspects of Gastrointestinal Cancer Etiology, Therapy, and Survivorship 197

3.5.4 Smoking Cessation

A substantial number of cancer survivors continue to smoke after their diagnosis.
Forty percent of cancer survivors aged 18—44 years are current smokers, compared
with 24% of the general population [27]. Studies have shown that smoking cessation
efforts are most successful when they are initiated soon after diagnosis.

3.5.5 Sun Exposure

Cancer survivors, particularly those diagnosed with skin cancers, should be encour-
aged to adopt skin care behaviors to decrease their risk of developing skin cancer,
including wearing sunscreen and protective clothing and avoiding sunbathing and
artificial tanning [28].

3.5.6 Care Givers

It is important to provide supports to the caregivers. Over time, caregivers may
become increasingly vulnerable to psychological distress, depression, and anxiety,
which can be exacerbated by feelings of social isolation [28]. Social support can
help buffer the negative consequences of caregiver stress and serve to maintain,
protect, or improve health. Numerous studies have shown that female caregivers
experience more care-related distress and have a higher risk of poor physical and
emotional health than their male counterparts [29]. Anxiety about the future and
fear of cancer recurrence are lingering issues for caregivers. Caregivers can be
apprehensive as they reintegrate into life after the patient’s complete treatment. To
ease this transition, caregivers may benefit from coping strategies, such as stress
management or relaxation techniques. Recent studies show that both survivors and
their caregivers often find benefit in the challenges associated with cancer [30].
Better adjustment and overall quality of life have been attributed to such positive
growth. Ensuring that caregivers are healthy, both emotionally and physically, is
imperative for optimal survivorship care.

4 Conclusion

In conclusion, the increase in the number of individuals diagnosed with cancer each
year, due in large part to aging and growth of the population, as well as improving
detection and survival rates, have led to an ever-increasing number of cancer
survivors. Advances in our understanding of the cellular and molecular basis of the
gastrointestinal (GI) neoplasia have provided a foundation for the development of
novel diagnostic and therapeutic approaches. Although some features are tissue site
specific, depending on its anatomical and embryological origin, many mechanisms
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of tumorigenesis are common to the most structures throughout the GI tract.
Neoplasia results from disruption of the regulatory mechanisms of normal cell
growth and division. Growth is determined by the balance of cellular proliferation,
differentiation, senescence, and programmed cell death. Apoptosis (or programmed
cell death) is an important mechanism that counterbalances cell proliferation, and
abnormalities involving downregulation of apoptosis plays a critical role in
oncogenesis.
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Cholangiocarcinoma: Etiology,
Pathogenesis, Diagnosis, and Management

Pushpendra Pratap, Syed Tasleem Raza, and Sanju Pratap

1 Introduction

Cholangiocarcinoma (CCA) is leading a neoplasm melanoma of the biliary duct
system and accounting for 3% of gastrointestinal tumors [1]. It is the subordinate
most extensive primary hepatic malignancy, representing 10-25% of primary
hepatic malignancies worldwide [2]. CCA infrequently occurs earlier than the age
of 40; the typical age at presentation is the seventh decade of life. Men have a higher
incidence of CCA than women with ratios of 1:1.2—1.5. The incidence of CCA var-
ies significantly by geographic area secondary to variations in risk factors. CCA is
deadly due to its ability to recur, metastasize, late diagnosis, and drug-refractory
nature. While the incidence of ICC is rising, the occurrence of ECC is trending
down suggesting that different risk factors may be involved. The prognosis of CCA
is poor; therefore, the mortality and prevalence rates are parallel. Even though there
are recognized risk factors for the development of CCA, most patients do not have
an identifiable risk aside from age [3].

The deprived prognosis of this sarcoma is furthermore explained from the fact
that no helpful tools intended for early diagnosis for this neoplasia are still acces-
sible. Because of the absence of particular symptoms combined with greater inva-
siveness and ordinary participation of critical anatomical organs [4], the patient
typically presents with an unrespectable disease at the diagnostic way. These fea-
tures advocate why a surgical restorative treatment is often impossible. Besides sur-
gery, the other kinds of treatments for CCA are radiotherapy and chemotherapy [5].
However, CCA cells do not respond or weakly respond to these ways, which hence
encompass often an analgesic role. Recent therapeutic options include brachyther-
apy and photodynamic therapy (PDT), with promising results. CCA develops from
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the accumulation of genetic and epigenetic alterations in regulatory genes of
cholangiocyte cells that lead to the activation of oncogenes and the dysregulation
of tumor suppressor genes (TSGs) [6]. The principal characteristics of malignant
cholangiocytes can be summarized in (1) uncontrolled growth, (2) high capability
of tissue invasiveness, and (3) capability to metastasize [7].

2 C(lassification of Cholangiocarcinoma

Anatomically cholangiocarcinoma (CCA) can be classified on the basis of location
into intrahepatic or extrahepatic. Hilar CC (Klatskin tumors) is classically considered
extrahepatic. Most common form is extrahepatic, accounting for 80-90% of CCAs.
Further it is classified into proximal or perihilar concerning the bifurcation of the
major ducts (50% of all CCA) and distal compartments depending on the locality of
the tumor inside the extrahepatic biliary system. Perihilar disease is also frequently
known as a Klatskin tumor. Three diverse expansion patterns of extrahepatic CCA
can be observed: periductal penetrate, papillary or intraductal, as well as throng form-
ing [8]. Intrahepatic CCA typically presents as an intrahepatic mass (Figs. 1 and 2).

The distinction between intrahepatic cholangiocarcinoma (ICCA) and extrahe-
patic cholangiocarcinoma (ECCA) has become progressively more significant, as
the epidemiological aspect (i.e., incidence and risk factors) associated with each
may be different. In the last several years there have been significant new insights
into the molecular pathogenesis of CCA [9]. Innovative diagnostic and therapeutic
modalities have also been developed, resulting in improved detection rates and out-
comes. Further, we have currently entered the era of targeted therapies for human
cancers. Therefore, it is timely and topical to evaluate these advances with a focus
on hopeful targeted therapies intended for this disorder. An additional objective is to
motivate further curiosity in this disease with the trust of improving conclusions for
this still very much lethal malignancy.

3 Epidemiology of Cholangiocarcinoma (CCA)

Universally, occurrence of CCA varies, reflecting differentiations in genetic and
environmental risk factors. The highest incidence is in northeast region of Thailand
(by means of 80-90 cases/100,000 people), whereas Australia has the lowest inci-
dence (with 0.4 cases per 100,000 people). Hepatobiliary malignancies account for
13% of the 7.6 million annual cancer-related deaths widespread and for 3% of the
560,000 every year cancer-related deaths in the United States. CCA accounts for
10-20% of the deaths from hepatobiliary malignancies [9]. The prevalence of CCA
shows a wide geographic variability, with the highest rates in Asia and the lowest in
Australia. In the United States, the incidence of CCA has been reported to be
0.82/100,000 for extrahepatic forms and 0.95/100,000 for intrahepatic forms of the
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Fig. 1 Summary of key mechanisms regulating cholangiocarcinogenesis

disease. Its prevalence in diverse ethnic and cultural groups is heterogeneously dis-
tributed, with the highest age-adjusted prevalence in Hispanics (1.22/100,000) and
the least in African Americans (0.17-0.5/100,000). In the last four decades, United
States incidence rates of intrahepatic form of CCA have raised by 165%, while the
extrahepatic CCA incidence has remained stable [4]. The significant enhance in
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Fig. 2 Bismuth’s classification of cholangiocarcinomas. Type I—Tumor involves the common
hepatic duct, Type II—Tumor involves the bifurcation of the common hepatic duct, Type 1lla—
Tumor involves the right hepatic duct, Type IIIlb—Tumor involves the left hepatic duct, Type [IV—
Tumor involves both the right and left hepatic duct

age-adjusted occurrence of intrahepatic CCA was confirmed after correction for a
prior misclassification of hilar CCA as intrahepatic CCA. Similarly, increasing inci-
dence rates of intrahepatic CCA have also been reported in Western Europe and
Japan. The cause for the increasing incidence has not been identified. We speculate
that increased lipid conciliator such as oxysterols may provide the current increased
incidence in Western societies [10]. In Western populations, the median age at
appearance is >65 years, and it is only rarely diagnosed in patients <40 years of age
excluding in patients with primary sclerosing cholangitis (PSC). There is a slight
male predominance for CCA.

4 Etiology of Cholangiocarcinoma

In the Western planet, 80% of cholangiocarcinoma (CCA) cases are intermittent and
have no identifiable risk factor. Smoking, alcohol consumption, obesity, and diabe-
tes have not been consistently revealed to increase risk, although a small contribu-
tion cannot be ruled out [11]. Risk factors that have been identified are generally
associated with chronic biliary inflammation. For example, primary sclerosing chol-
angitis is associated with 10% of CCA cases in the Western world [12]. In patients
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with PSC, the possibility of developing CCA is 1% per annum over 10 years, with
a cumulative lifetime risk of 9-31%—1500-fold that of the general population [13].
In the management of this high-risk group, because of the often desmoplastic nature
of cholangiocarcinoma (CCA) it is challenging to differentiate between malignancy
and the benign strictures trait of PSC. Diverse etiology of liver cirrhosis conveys a
tenfold relative risk. Uncommon abnormalities of biliary anatomy, for instance cho-
ledochal (bile duct) cysts, intrahepatic biliary cysts (Caroli’s syndrome), biliary
papillomatosis, and adenomata, are related with a high lifetime risk of CCA of
6—-30%. This high rate of malignant transformation warrants prophylactic resection.
Inborn or acquired irregularities of pancreatic biliary-duct junctions allow pancre-
atic reflux and resulting chronic cholangitis, increasing risk of CCA [14]. Chronic
intraductal gallstones and hepatolithiasis are primarily allied to CCA in Asia (10%
of patients with this trouble develop CCA), but are a much weaker risk factor in
Western countries.

Several different infections are also associated with CCA. In areas of Southeast
Asia, where the incidence of CCA is greater, biliary infestation with parasites
(including Opisthorchis viverrini, Schistosomiasis japonica, and Clonorchis sinen-
sis) is endemic. High fecal egg loads and high titers of fluke-specific antibodies are
associated with a 14- and 27-fold boost in CCA risk, respectively, even though the
mechanism of cholangiocarcinogenesis is unknown [15].

4.1 Primary Sclerosing Cholangitis

Primary sclerosing cholangitis (PSC) consequence in stricturing of extrahepatic and/
or intrahepatic bile ducts is established risk factor for CCA. Chronic inflammation,
proliferation of biliary epithelium, construction of endogenous bile mutagens, and
bile stasis are hypothesized carcinogenic mechanisms [16]. The lifetime incidence of
CCA among PSC patients ranges from 6 to 36%. Although PSC is known to be a
strong risk factor for CCA, no more than 10% of CCA is attributed to PSC [14]. Data
on the incidence of PSC suggest either no change or a small increase over time. A
current study by Card et al. showed a nonsignificant growing tendency in the inci-
dence of PSC, however the generally incidence estimates in this study were normally
lesser than nearly all other reports [13]. An ensuing study by Lindkvist et al. [17]
reported a considerably increased incidence of PSC. Given PSC is the most common
known risk factor for CCA in the West, trending the occurrence of PSC is imperative
for monitoring trends in CCA.

Heritable variations in the natural killer cell receptor G2D (NKG2D) are related
with the expansion of cholangiocarcinoma (CCA) among primary sclerosing chol-
angitis (PSC) patients, while communication of natural killer cell receptor G2D
(NKG2D) and major histocompatibility class I polypeptide-related sequence A is
involved in defense against CCA in PSC [18]. Chronic inflammation due to stones
or contagion is a risk factor in non-PSC patients, and the chronic gallbladder
inflammation in PSC probably also leads to carcinogenesis. Primary sclerosing
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cholangitis (PSC) patients have an augmented incidence of gallbladder lesions with
an expected prevalence of 3—14% versus 0.35% in the general inhabitants [19]. The
well-built relationship among dysplasia/adenocarcinoma of gallbladder and bile
duct dysplasia/cholangiocarcinoma (CCA) supports the concept of a neoplastic
“field effect” along the extrahepatic/intrahepatic biliary tract in PSC. The existence
of gallbladder epithelial cell dysplasia proposes a dysplasia-carcinoma progression
in PSC similar to that observed in ulcerative colitis [20].

4.2 Parasitic Infection

The high occurrence of CCA is geologically interrelated with the parasite liver
fluke, Opisthorchis viverrini [21]. The liver flukes parasite O. viverrini and
Clonorchis sinensis are primary risk factors of CCA in Asia [22]. Liver fluke conta-
gion outcomes in many pathological transformations, principally in the bile ducts
where worms are found, and to the liver as well as gallbladder [23]. The importu-
nate periductal fibrosis, however after praziquantel treatment, might be ultimately
contributed to CCA carcinogenesis. Chronic inflammatory disease opisthorchiasis
is mediated by interleukin-6 (IL-6), which is substantially allied with the expansion
of advanced periductal fibrosis [12]. This unrelieved infection results in bile duct
inflammation, which induces oxidative and/or nitrative tissue and DNA damage and
may eventually lead to CCA [24].

4.3 Pancreaticobiliary Maljunction

Pancreaticobiliary maljunction (PBM) causes the integration and regurgitation of
bile and pancreatic juices, which stagnate in the bile duct and the gallbladder, par-
ticularly in the dilated ordinary bile duct. This long-term pathophysiological situa-
tion may activate pancreatic enzymes, transform the bile acid fraction, and result in
mutagenic and/or carcinogenic substances. A statement by Nagai et al. [25] showed
0% MSI in PBM patients with hyperplasia, 85.7% with dysplasia, and 80% with
cancer, suggesting that MSI, similar to TP53 mutation, is a late incident in the PBM
carcinogenic process.

4.4 Bile-Duct Cysts

It is a well-known risk factor for CCA. Class I (solitary, extrahepatic) and IV (extra-
hepatic and intrahepatic) bile-duct cysts have the greater prevalence of CCA. The
lifespan prevalence of CCA in these patients varies from 6 to 30%. The incidence of
bile-duct cysts is high in Asian as compared to the Western countries. The incidence
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of CCA is also higher in Asians with bile-duct cysts, virtually 18%, with the United
State incidence closer to 6% [26]. There is an increase in incidence of CCA in
patients with bile-duct cysts from 0.7% in the first decade of life to >14% after the
age of 20. The normal age of malignancy identification has been reported to be
32 years, which is younger than the age at which CCA develop in the general inhab-
itants. The risk of malignancy turns down after entire choledochal cyst elimination,
though these patients are still at increased risk of developing CCA compared with
the general inhabitants [15]. Patients with bile-duct cysts are demonstrated to have
at least 10- to 50-fold increased risk of developing CCA. In a Korean, hospital-
based, case-control study by Lee et al., there was a strong relationship between
choledochal cysts and ICC, with the OR at 10.7 (95% CI 1.8-63.9). In a large,
SEER-Medicare study, there was a strong relationship between choledochal cysts
and augmented risk of both ICCA and ECCA, with an OR of 36.9 (95% CI 22.7—
59.7) and 47.1 (95% CI 30.4-73.2), respectively [27].

4.5 Chemical Exposure (Toxins)

Concern has been raised on the subject of the relationship among occupational
chemical exposure and occurrence of CCA among employees in the offset color
proof-printing part of a minute printing company in Osaka, Japan [28]. The report
concluded that dichloromethane (DCM) and/or 1, 2-dichloropropane (1, 2-DCP)
may cause CCA in human beings. Revelation to chemicals, counting chlorinated
organic solvents, outcome in a high occurrence of CCA in relatively youthful
employees of a printing corporation [29].

4.6 Genetics and Epigenetics

KRAS mutation is one of the most recurrent heritable alterations in CCA and other
form of cancers. Alterations in PIK3CA, CDKN2A, PTEN, and TP53 have been
established only in intrahepatic cases of CCA through normal liver [30]. BRAF and
KRAS mutant of CCA cases have been linked with a worse long-term endurance,
and hence screening of BRAF and KRAS could be precious in improving equally
prognosis and outcome stratification [31]. KRAS mutation is an early molecular
incident throughout the succession of biliary intraepithelial neoplasia to intrahe-
patic CCA in patients with hepatolithiasis, while p53 overexpression was acknowl-
edged as a late molecular incident [32]. In response to inflammation cytokines
produced play an imperative role in pathogenesis of cancer. Interleukin-6 (IL-6),
transforming growth factor-p, tumor necrosis factor-o, and platelet-derived growth
factor (PDGF) outlined the foundation of biliary epithelial cell and/or cholangiocyte
proliferation [33]. Interleukin-6 (IL-6) plays a crucial role in CCA, inducing appear-
ance of the forceful anti-apoptotic protein myeloid cell leukemia 1 (Mcl-1) in
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cholangiocarcinoma (CCA) cells using phosphorylation of signal transducers and
activators of transcription 3 (STAT-3) [34]. Gankyrin is essential for cholangiocar-
cinoma (CCA) carcinogenesis and metastasis, activating IL-6/STAT3 signaling dur-
ing the downregulation of Rb [35].

Epigenetic quietness of suppressor of cytokine signaling 3 (SOCS-3) controls
the IL-6/STAT-3 signaling pathway through a typical feedback loop, and is account-
able for sustained IL-6/STAT-3 signaling and improved Mcl-1 expression in cholan-
giocarcinoma (CCA) [36]. Epigenetic regulation by interleukin-6 (IL-6) can be
implicated in tumor progression by changing promoter methylation as well as gene
expression of growth regulatory pathways, such as those involving epidermal
growth factor receptor (EGFR) [37].

4.7 Pathogenesis of Cholangiocarcinoma

Cholangiocarcinoma (CCA) likely outcomes from malignant transformation of
cholangiocyte cells, however conversion of epithelial cells within biliary stem cells
and/or peribiliary glands may also give rise to its development. There is also confir-
mation that subsets of CCA and mixed hepatocellular carcinoma (HCC)/CCA are
derived from hepatic stem/progenitor cells [38]. Experimental and etiologic evi-
dence implicates cholestasis and inflammation as key factors in the pathogenesis of
cholangiocarcinoma (CCA). They produce an atmosphere that promotes injury in
DNA mismatch repair genes and/or proteins, proto-oncogenes, and tumor suppres-
sor genes (TSG) [39]. Growth factors, cytokines, and bile acids are found to be in
elevated concentrations during cholestasis and inflammation, and contribute to
these molecular alterations and enhance the growth and existence of altered cells.
Cytokines motivate inducible nitric oxide synthase (iNOS) expression in epithelial
cells, and upregulation of inducible nitric oxide synthase (iNOS) is present in
inflammatory cholangiopathies and cholangiocarcinoma (CCA) [40]. Augmented
inducible nitric oxide synthase (iNOS) activity outcomes in production of nitric
oxide (NO) as well as reactive nitrogen oxide species (RNOS) recognized to com-
municate with cytoplasmic DNA and proteins. The interaction of reactive nitrogen
oxide species (RNOS) and the cellular genome outcomes in transmutations and
DNA strand breaks. Mutagenesis is additionally promoted by interaction of nitric
oxide (NO) and RNOS with DNA repair enzymes like human 8-oxoguanine glyco-
sylase, which is straightforwardly inactivated by S-nitrosylation of its active site
cysteine residues [41].

A diversity of oncogenic mutations has been known in tissues of human cholan-
giocarcinoma (CCA). Their incidence depends on cancer stage, type of tumor, ana-
tomical position, etiology, and ethnic population. Nevertheless dysregulation of the
KRAS proto-oncogene and the p53 tumor suppressor gene (TSG) is frequently
detected in malignancies; KRAS mutations have only been illustrated in 20-54% of
intrahepatic cholangiocarcinoma (iCCA). This is in rapid distinction to pancreatic
ductal adenocarcinoma (PADC), whereas mutations in KRAS are present in >90%



Cholangiocarcinoma: Etiology, Pathogenesis, Diagnosis, and Management 209

of tumors [42]. Hence, apart from communal developmental ontology among the
pancreatic ducts and the biliary tree, their fully developed tumors are unlike. Nuclear
accretion of p53 and upregulation of the allied protein WAF-1 and mdm-2 have been
reported in 21.7-76% of cholangiocarcinoma (CCAs) [43]. Additional inactivated
tumor suppressor genes (TSG) encompass pl6INK4a, APC, and DPC4/Smad4.
Interrelationship between these indicators (markers) and prognosis varies among
studies. The majority of these heritable alterations were illustrated in intrahepatic
cholangiocarcinoma (iCCA). specified the paucicellular, desmoplastic temperament
of extrahepatic bile ducts, hereditary analysis of these cancers will necessitate atten-
tive laser capture micro-dissection of the cholangiocarcinoma (CCA) cellular ele-
ments—a tedious procedure that has rarely been applied to this cancer [44].

5 Diagnosis of Cholangiocarcinoma

In majority of cases, cholangiocarcinoma (CCA) is clinically quiet, with indications
merely rising at a higher stage. Once upon a time symptomatic, the clinical appear-
ance depends on locality and escalation pattern of tumor. More than 90% patients
with extrahepatic ductal cholangiocarcinoma (CCA) present with painless hyper-
bilirubinemia (jaundice), and 10% of patients with cholangitis [45]. Obstruction of
unilobar biliary with ipsilateral vascular encasement results in atrophy of the preten-
tious lobe and hypertrophy of the unaltered lobe. Depending upon physical explora-
tion, this “atrophy—hypertrophy complex” event presents as clear prominence of one
hepatic lobe. Intrahepatic mass-forming cholangiocarcinoma (iCCA) presents with
indications characteristic for hepatic masses, counting abdominal pain, night sweats,
malaise, and cachexia. The serum cancer markers like carbonic anhydrase-125 (CA-
125) and carcinoembryonic antigen (CEA) can be increased in cholangiocarcinoma
(CCA), although they are non-specific and can be elevated in other malignancies
like gastrointestinal or gynecologic and/or cholangiopathies [46]. Carbonic anhy-
drase (CA19-9) is the most frequently used tumor growth marker for cholangiocar-
cinoma (CCA). Sensitivity and specificity of these markers for detection of
cholangiocarcinoma (CCA) in Primary Sclerosing Cholangitis (PSC) are 79% and
98%, respectively, at a cutoff value of 129 U/mL. Further investigators have
acknowledged an elevated cutoff of >180 U/mL to accomplish this level of specific-
ity [47]. An alteration from baseline of >63 U/L has a sensitivity of 90% and speci-
ficity of 98% for cholangiocarcinoma (CCA). In patients without PSC, sensitivity is
53% at a cutoff of >100 U/L and its negative prognostic value is 76-92% [48].
Carbonic Anhydrase (CA19-9) can also be increased in bacterial cholangitis (BC)
and other gastrointestinal (GIT) and gynecologic neoplasias; patients missing the
blood type Lewis antigen (10% of persons) do not produce this tumor marker [49].
Ultrasounds (USG) as well as computed tomography (CT) are only of limited sig-
nificance for recognition of intra and extrahepatic cholangiocarcinoma (CCA)
because of their low sensitivity as well as specificity, and low exactness in estimat-
ing tumor extent of intrahepatic and extrahepatic cholangiocarcinoma (CCA) [50].



210 P. Pratap et al.

Its main role in cholangiocarcinoma (CCA) is recognition of obstruction in bile
duct, vascular compression/encasement, tumor staging, and preoperative planning.

For the assessment of tumor site and intraductal extent, cholangiography is the
most significant diagnostic modality, principally for extrahepatic cholangiocarcinoma
(eCCA) [51]. Magnetic resonance cholangiopancreatography (MRCP), percutaneous
transhepatic cholangiography (PTC), and/or endoscopic retrograde cholangiopan-
creatography can be used for this objective. ERCP and PTC allow remedial interven-
tions (for example, assignment of biliary stents) and compilation of tissue samples for
pathological as well as cytological examination. MRCP/MRI (magnetic resonance
imaging) provides instruction about site and tumor dimensions of intrahepatic CCA,
ductal and periductal tumor extent of extrahepatic CCA, vascular involvement, and
metastases. Its sensitivity and imaging excellence of tumor tissue can be elevated
significantly with enhancement of ferumoxide [52]. The most sensitive method for
assessment of provincial lymphadenopathy is endosonography. Biopsy of lymph
nodes via fine needle aspiration (FNA) for further pathologic analysis can also be
performed during the endosonographic procedure [53]. Nevertheless, biopsy of hilar
lesions throughout endosonography is disheartened, because it can outcome in tumor
seeding. In undefined cases, establishment of a diagnosis can be attempted with posi-
tron emission tomography (PET) with [18F]-2-deoxy-glucose. Sensitivity and speci-
ficity of integrated positron emission tomography (PET)/computed tomography (CT)
in the recognition of primary lesions has been evaluated as 93% and 80% for intrahe-
patic CCA (iCCA) and 55% and 33% for extrahepatic CCA [54]. For provincial
lymph node metastases, the sensitivity of positron emission tomography (PET)/com-
puted tomography (CT) was 12% and the specificity was 96%. False positive PET
scans have been reported in the setting of chronic inflammation [55].

6 Herbal Management of Cholangiocarcinoma

Throughout the past, traditionally herbal medication has afforded an affluent reposi-
tory of remedies with diverse chemical structures and bioactivities in opposition to
numerous health disorders. A frequent subject of herbal medicine is the constraint
of information on their pharmacological activities and essential components.
Traditionally, the use of herbal medicine has been dependent upon empirical man-
agement and passed on from generation to generation through information accessi-
ble simply in confined journals. This prevents various herbal medicines from
creature developed to their complete prospective. The presentation will focus on
research and expansion of Atractylodes lancea (Thunb) DC. (AL: family Asteraceae)
as a probable chemotherapeutic treatment for cholangiocarcinoma (CCA). The des-
iccated rhizome of AL is a curative herb used in Japan, China, and Thai, intended
for its various pharmacological properties including antitumor, contrary-inflamma-
tion and incompatible-microbial activities, activities on central nervous, cardiovas-
cular, and gastrointestinal systems. The primary constituents in the necessary oils
from AL rhizome are f-eudesmol, atractylon, and hinesol [56, 57].
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7 Conclusion

Nonetheless, most cases of CCA are not related to recognized risk, in region
endemic for liver flukes. The well-known risk factors for CCA consist of parasitic
infections, biliary-duct cysts, primary sclerosing cholangitis (PSC), and hepatoli-
thiasis. Less-established risk factors include IBD, HBV, HCV, cirrhosis, diabetes,
obesity, smoking, alcohol, and genetic polymorphisms. The escalating universal
occurrence of CCA collectively with the nonexistence of its valuable therapeutic
tools explains the upward general curiosity for the study of this type cancer. The
poor prognosis of patient affected by CCA is specified by the information that this
sarcoma is frequently diagnosed when previously at an advanced stage. In spite of
recent indicative advances, such as cytology techniques and imaging, additional
investigations are essential to identify CCA at an early stage. Additional studies on
novel diagnostic and therapeutic ways to influence the malignant behavior of CCA
are required.
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Punica granatum, 55
Rubus occidentalis, 55
Teucrium stocksianum, 55
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Zizyphus spina-christi, 56
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signaling pathways, 29
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oxidative stress, 52
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Bioenterics intragastric balloon (BIB), 145
Biological carcinogens, 151
Body mass index (BMI), 144
Bone mineral density, 194
Bowel cancer treatment, 192—193
Brachytherapy, 201
BRAF mutation, 207
Breast cancer, 155, 156
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KRAS mutations, 207
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Methionine cycle, 127
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(Brassica oleracea)

Primary prevention, 131, 163, 170, 176-177

See also Dietary pattern
Primary sclerosing cholangitis (PSC),
205, 206
Processed meat consumption, 122—123

Proliferating cell nuclear antigen (PCNA), 38

Prooxidant activity, 32-33
Propolis, 99-101

Prosopis cineraria extract, 55
Prostate cancer, 90

Punica granatum peel extract, 55

R
Recovery phase, GI tract, 195
Red meat consumption, 122—123
Replicative senescence, 188
Restrictive procedures, 145
Risk factors, 2—12
awareness, 15-16
carcinogenic potency, individual
manufactured chemicals, 1
chance/probability, 1
cumulative, 1
diet (see Diet risk factors)
environmental (see Environmental
risk factors)
verified analytical frameworks, 1
Royal jelly, 101
Rubus occidentalis, 55

S

Salpingectomy, 168

Screening of cancer
biological carcinogens, 151
bony skull destruction, 150
chemical carcinogens, 151
chronic infections, 151
deaths, WHO documentation, 150
defined, 149
early detection research, 152—153,

158-159

evidence-based prevention strategies, 152

genetic factors, 151
high sensitivity and specificity, 154



222

Screening of cancer (cont.)
history, 150
malignant tumours, 150
metastasis, 149
methods, 153
modifiable risk factors, 152
morbidity and mortality cause, 149
national cancer control programmes, 153
non-compliance, 154
palliative care, 155
pap smears, 153
physical carcinogens, 151
policies, 154
prevention and early detection, 150
programmes, 153
tests, 151
tobacco use, 151
treatment, 154—155
Secondary prevention, 163, 170-171, 177-178
Sedentary lifestyle, 125-126
Septin 9 (Epi procolon), 158
Sexual dysfunction, 195
Smoking cessation, 197
Socioeconomic status (SES), 141
Suppressor of cytokine signaling 3
(SOCS-3), 208
Surgical intervention
BIB, 145
malabsorptive and restrictive
procedures, 145
weight management, 145
Survivorship
bone mineral density, 194
bowel cancer treatment, 192—193
cancer staging, 192
“cancer survivor”, 191
cardiotoxicity, 194
cognitive deficits, 194
distress, 194-195
fatigue, 193
infertility, 195
pain, 193-194
sexual dysfunction, 195

T

Telomeres, 188

Tertiary prevention, 163—164, 182

Teucrium stocksianum, natural
herbicides, 55

The Cancer Genome Atlas (TCGA) research
network, 171

Theaflavins (TF), 39

Thearubigins (TR), 39

Index

Tobacco plant
annual lung cancer death rate, 3
cigar and pipe smoking habit, 2
environmental carcinogens, 3
industrialized countries, 3
industrial production of, 2
oral cavity cancer risk, 2
statistical reports, 2
unfiltered and high-tar cigarettes, 3
Toxins (chemical exposure), 207
Tubal ligation, 168
Tumor suppressor genes (TSGs), 202
Two-hit hypothesis, 151

U
Upper body obesity, 140
U.S. Environmental Protection Agency
(EPA), 2
U.S. Food and Drug Administration (FDA), 2
Uterine cancers
endometrial carcinoma, 171
gynecological cancers, 171
risk factors
DM, 173
colorectal cancer/endometrial, 173
endometrial hyperplasia, 173
hormone balance, 174
obesity, 172-174
TCGA research network, 171

\%

Vaccinium myrtillus, 56

Venom, see Bee venom (BV)

Visual inspection with acetic acid (VIA), 153

W

Weight loss, 141-145

Western dietary pattern
colorectal adenoma risks, 132
components, 133
description, 132
processed meats, 132
reduced risks, 132

Whole grain intake, 136

World Cancer Research Fund (WCRF), 116,

163-164

Z
Zingiber officinale extract administration, 56
Zizyphus spina-christi, 56



	Preface
	Contents
	Risk Factors for Cancer: Genetic and Environment
	1 Introduction
	2 Environmental Risk Factors
	2.1 Tobacco
	2.2 Alcohol
	2.3 Occupational Carcinogens
	2.4 Environmental Pollution

	3 Diet Risk Factor
	3.1 Food Contaminants
	3.2 Aflatoxins
	3.3 Chemicals and Pesticides
	3.4 Food Additives

	4 Genetic Predisposition
	5 Interrelationship of Genetic Risk and Environmental Risk Factors
	6 Awareness of Risk Factors
	7 Conclusion
	References

	Anticancer Potential of Dietary Polyphenols
	1 Introduction
	2 Properties of Polyphenols
	2.1 Structural Classifications of Polyphenols
	2.2 Variability of Bioactivity and Bioavailability
	2.3 Relationship of the Gut Microbiome to Polyphenol Activity
	2.4 Polyphenol Effects on Endogenous Metabolites

	3 Polyphenols and Its Effects on Cancer
	3.1 Polyphenols and Cancer Prevention and Treatment
	3.2 Potential Mechanisms of Polyphenol Anticancer Activities
	3.2.1 Antioxidant Activity
	3.2.2 Prooxidant Activity
	3.2.3 Mediation of Cellular Signaling
	3.2.4 Mediation of Cellular Signaling: Immunomodulation
	3.2.5 Mediation of Cellular Signaling: Nuclear Factor-κβ (NF-κB) Inhibition
	3.2.6 Mediation of Cellular Signaling: Mitogen-Activated Protein Kinase (MAPK) Pathway Modulation
	3.2.7 Mediation of Cellular Signaling: Cell Cycle Arrest
	3.2.8 Mediation of Cellular Signaling: Apoptotic Pathway Induction
	3.2.9 Epigenetic Modifications
	3.2.10 Glycolytic Inhibition


	4 Adjunctive Therapy
	5 Conclusion
	References

	Natural Products and Their Benefits in Cancer Prevention
	1 Introduction
	2 Antioxidant Properties of Natural Plants
	3 Anticancer Properties of Selected Natural Products
	4 Conclusion
	References

	Cinnamon as a Cancer Therapeutic Agent
	1 Introduction
	2 Cinnamon as a Cancer Prevention
	2.1 Species of Cinnamon
	2.2 Chemical and Phytochemical Composition of Cinnamon
	2.3 Medical Uses of Cinnamon
	2.3.1 Cinnamon in Disease and Infection Prevention
	2.3.2 Cinnamon and Cancer Treatment

	2.4 Mechanism of Action of Cinnamon Against Cancer
	2.4.1 Antioxidant Property
	2.4.2 Anti-inflammatory Activity
	2.4.3 Antimicrobial Activity
	2.4.4 Insulin Potentiating Activity

	2.5 Toxicity of Overdose

	3 Conclusion
	References

	Broccoli (Brassica oleracea) as a Preventive Biomaterial for Cancer
	1 Introduction
	2 Nutritional Composition of Broccoli
	3 Phytochemicals in Broccoli
	4 Anticancer Effects as Evidenced from Cell Line Studies
	5 Anticancer Effects as Evidence from Animal Trial
	6 Clinical Trials
	7 Conclusion
	References

	Garlic Preventive Effect on Cancer Development
	1 Introduction
	2 Medicinal Aspects of Allium Foods
	3 Anticancer Effects of Garlic
	4 Bioavailability of Garlic-Derived Compounds
	5 Garlic as a Phytochemical Agent
	6 Conclusion
	References

	Antioxidant and Health Properties of Beehive Products Against Oxidative Stress-Mediated Carcinogenesis
	1 Introduction
	2 Beehive Products and Cancer
	2.1 Honey
	2.2 Pollen
	2.3 Propolis
	2.4 Royal Jelly
	2.5 Venom

	3 Conclusion
	References

	Chemopreventive Effect of Date Pit Extract
	1 Introduction
	2 Composition of Date Pit
	3 Polyphenolic Content of Date Pit
	4 Antioxidant Effects of Date Pit
	5 Conclusion
	References

	Nutrition and Colorectal Cancer Pathogenesis
	1 Introduction
	2 Cancer Pathogenesis and Stages
	3 Colorectal Cancer
	4 Nutrition and Colorectal Cancer
	5 Conclusion
	References

	Modifiable and Non-modifiable Risk Factors for Colon and Rectal Cancer
	1 Introduction
	2 Modifiable Risk Factors and Their Prevention
	2.1 Red Meat and Processed Meat Consumption
	2.2 Protective Role of Fruit and Vegetables
	2.3 Protective Role of B Vitamins (Folate, Vitamin B6, and Vitamin B12)
	2.4 Role of Calcium and Vitamin D
	2.5 Sedentary Life Style and Obesity

	3 Non-modifiable Risk Factors for Colon and Rectum Cancer
	3.1 Hyperhomocysteinemia and Oxidative Stress
	3.2 Genetic Risk Factors

	4 Conclusion
	References

	Healthy Dietary Pattern for the Primary Prevention of Colorectal Cancer
	1 Introduction
	2 Western Dietary Pattern and CRC
	3 Healthy Dietary Pattern and CRC
	4 Other Dietary Patterns and CRC
	4.1 Alcohol Consumption Pattern
	4.2 High Sugar Drinks Pattern

	5 Possible Mechanisms of Diet and CRC
	References

	Lifestyle Modification in Long-Term Management of Chronic Diseases
	1 Introduction
	2 Obesity and Chronic Diseases
	3 Obesity Management and Prevention
	4 Obesity Treatment
	4.1 Lifestyle Modification Programs
	4.2 Three Main Components of Lifestyle Modification Programs
	4.2.1 Diet Intervention
	4.2.2 Physical Activity
	4.2.3 Behavioral Changes
	4.2.4 Pharmacotherapy
	4.2.5 Surgical Intervention


	References

	Early Detection and Screening of Cancer
	1 Introduction
	2 History
	2.1 Facts and Figures
	2.2 What Causes Cancer?

	3 Reducing the Cancer Burden
	3.1 Modifiable Risk Factors
	3.2 Early Detection
	3.3 Screening
	3.4 Treatment
	3.5 Palliative Care

	4 Selected Cancer Prevention and Control
	4.1 Breast Cancer
	4.2 Cervical Cancer
	4.3 Colorectal Cancer
	4.4 Oral Cancer

	5 Challenges in Cancer Screening and Early Detection Research
	6 Conclusion
	References

	Prevention of Common Cancers of the Female Genital Tract
	1 Introduction
	1.1 Risk Factors of Cancers of the Female Genital Tract
	1.2 Prevention Strategies of Cancers of the Female Genital Tract
	1.2.1 Primary Prevention
	1.2.2 Secondary Prevention
	1.2.3 Tertiary Prevention


	2 Ovarian Cancer
	2.1 Epidemiology
	2.2 Risk Factors
	2.2.1 Definitive Risk Factors
	Family/Personal History of Breast/Ovarian Cancer and Inherited Cancer Genetic Syndromes
	Hormone Replacement Therapy (HRT)

	2.2.2 Probable Risk Factors
	Obesity
	Dietary Factors

	2.2.3 Equivocal Risk Factors
	Alcohol
	Aspirin and Nonsteroidal Anti-Inflammatory Drugs
	Perineal Talc Exposure
	Ovarian Hyperstimulation Due to Infertility Treatment

	2.2.4 Preventive Factors
	Oral Contraceptives
	Tubal Ligation
	Multiparity
	Salpingectomy
	Breast-Feeding


	2.3 Screening for Early Detection
	2.4 Prevention of Ovarian Cancer
	2.4.1 Primary Prevention
	2.4.2 Secondary Prevention
	Risk-Reducing Salpingo-Oophorectomy
	Non-surgical Approaches



	3 Uterine Cancer
	3.1 Epidemiology
	3.2 Risk Factors
	3.2.1 Defintive Risk Factors
	Obesity
	Family History of Endometrial or Colorectal Cancer
	Endometrial Hyperplasia
	Treatment with Radiotherapy to the Pelvis
	Excess Estrogen Levels

	3.2.2 Probable
	Diabetes Mellitus

	3.2.3 Equivocal
	Past Medical History of Breast or Ovarian Cancer

	3.2.4 Preventive Factors

	3.3 Screening for Early Detection
	3.4 Prevention of Endometrial Cancer
	3.4.1 Primary Prevention
	Weight Loss
	Oral Contraceptive Pill

	3.4.2 Secondary Prevention
	Bariatric Surgery
	Intrauterine Contraceptive Device and Progestational Agents
	Hysterectomy
	Hysterectomy and Bilateral Salpingo-oophorectomy



	4 Cervical Cancer
	4.1 Epidemiology
	4.2 Risk Factors
	4.3 Screening for Early Detection
	4.4 Prevention of Cervical Cancer
	4.4.1 Primary Prevention
	4.4.2 Secondary Prevention
	4.4.3 Tertiary Prevention


	5 Conclusion
	References

	Medical Aspects of Gastrointestinal Cancer Etiology, Therapy, and Survivorship
	1 Introduction
	2 Factors for Cancer Development
	2.1 Intestinal Tumor Development: Multistep Pathways
	2.2 Neoplasia-Associated Genes
	2.3 Environmental Mutagenesis
	2.4 Chemical Carcinogenesis
	2.5 Dietary Factors

	3 Cancer Treatment and Survivorship
	3.1 Staging of Cancer
	3.2 Treatment of Bowel Cancer
	3.3 Common Effects of Cancer and Its Treatment
	3.3.1 Fatigue
	3.3.2 Pain
	3.3.3 Bone Mineral Density
	3.3.4 Cardiotoxicity
	3.3.5 Cognitive Deficits
	3.3.6 Distress
	3.3.7 Infertility
	3.3.8 Sexual Dysfunction

	3.4 Recovery Phase
	3.5 Long-Term Survivorship
	3.5.1 Quality of Life
	3.5.2 Physical Activity
	3.5.3 Nutrition and Maintaining a Healthy Body Weight
	3.5.4 Smoking Cessation
	3.5.5 Sun Exposure
	3.5.6 Care Givers


	4 Conclusion
	References

	Cholangiocarcinoma: Etiology, Pathogenesis, Diagnosis, and Management
	1 Introduction
	2 Classification of Cholangiocarcinoma
	3 Epidemiology of Cholangiocarcinoma (CCA)
	4 Etiology of Cholangiocarcinoma
	4.1 Primary Sclerosing Cholangitis
	4.2 Parasitic Infection
	4.3 Pancreaticobiliary Maljunction
	4.4 Bile-Duct Cysts
	4.5 Chemical Exposure (Toxins)
	4.6 Genetics and Epigenetics
	4.7 Pathogenesis of Cholangiocarcinoma

	5 Diagnosis of Cholangiocarcinoma
	6 Herbal Management of Cholangiocarcinoma
	7 Conclusion
	References

	Index

