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Because each cancer type is different in origin, composition, and responsiveness to treatment, reliable prevention
techniques are very difficult to identify. Evidence that an activity or dietary item prevents cancer is difficult to
confirm because the goal of cancer prevention is to produce an outcome where nothing changes (i.e. cancer does
not develop). Additionally, because cancer prevention cannot usually be accomplished by a single event,
preventative measures must be taken for many years to give results that can be examned. Even if something is
shown to help prevent a certain type of cancer, there is no guarantee that eating or behaving in a certain way will
absolutely assure freedom from cancer development.

Much of the evidence for cancer prevention is not definitive. As an example, a diet low in fat 1, 2 but high in fiber
3, 4, fruits and vegetables 5, 6 has been associated with lower risks for several cancers. There have also been a
number of studies that have shown no connection between these kinds of diets and reduced cancer cases 7, 8, 9.
Exercise has been shown to reduce cancer occurrence in some studies; in others, exercise does not seem to make
a difference 10, 11.

Despite the conflicting evidence, the National Cancer Institute contends that the best way to help prevent cancer is
to exercise, as well as eat a low calorie diet containing fiber, fruits, and vegetables. They also suggest that people
should avoid a sedentary lifestyle, animal fats, and grilled meats to lessen the risk of developing cancer 12.
Research suggests that a combination of different essential nutrients is better than consuming a large amount of a
single item. 13

Another way to help prevent cancer is to avoid behaviors that are generally accepted to increase your risk of
cancer. Some of the behaviors linked to cancer development are tobacco use 14, 15, 16, alcohol consumption 17,
18, obesity 17, 19, 20, and sun exposure. 21, 22 A study on Swedish families shows that an increased risk of
cancer is more associated with environmental factors, diet and exercise rather than heredity. 23 The American
Cancer Society suggests that a third of all American cancer deaths are linked to poor diet and lack of exercise.
Additionally, another third of all cancer deaths are preventable by avoiding tobacco products. 24 The World Health
Organization believes that 40% of cancer deaths world-wide could be prevented with proper diet, exercise, and

tobacco avoidance. 25

View a 2015-2016 American Cancer Society publication on cancer prevention statistics.

In addition to these general guidelines, there are several specific compounds that have exhibited evidence that
they may contribute to cancer prevention. 26

The following cancer prevention methods are described below in more detail.

Exercise
Antioxidants
Plant Products (Phytochemicals)

Drugs
Cancer Vaccines

o Cervical Cancer Vaccines

o Liver Cancer Vaccines (Hepatitis Vaccines)

e Cancer Prevention Tables

If you find the material useful, please consider linking to our website

Exercise and Cancer Risk

e What is physical activity?
e Epidemiology of activity and cancer prevention.
o Bladder cancer
o Breast cancer
o Colon cancer
o Endometrial cancer
o Esophageal cancer
o Kidney (renal) cancer
e How does exercise reduce cancer risk?
o Sex hormones
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Immune function

Oxygen radicals (redox) signaling

micro-RNAs (miRNAs) and gene activity

e Racial differences in exercise-cancer risk reduction
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What is physical activity?
Physical activity is defined as using skeletal muscles to exert more energy than simply resting in place.27

Physical activity takes many forms, from a daily stroll to heavy weightlifting. The majority of international
guidelines recommend 150 minutes a week of moderate to vigorous physical exercise for a healthy adult.
Preferably, exercise should be spread out throughout the week Research suggests that a range of health benefits
can be achieved from being more physically active.28

Exercise can cause many changes in the human body. The types of changes depend on the amount and type of
exercise. Exercise increases the amount of blood pumped by the heart (called cardiac output). This, in turn, leads
to increased oxygen and blood flow. The increased heart rate also triggers the release of hormones. The adrenal
glands, responsible for the release of epinephrine (adrenaline), and norepinephrine (noradrenaline), get activated.
Exercise results in temporary elevation in lactate (produced by the breakdown of sugar in muscles), increased
blood pressure, elevated blood glucose levels, and enhanced immune function. Exercise also speeds up
metabolism and glucose consumption. Taken together, the effects of exercise are thought to reduce cancer risk.29

Epidemiology of Cancer and Exercise

Physical activity is strongly associated with lower risk of cancer at seven sites: bladder, colon, breast, endometrial,
lung, esophageal, kidney, and stomach gastric. Physical activity has also been linked to reductions in pancreatic
and ovarian cancer.30

Examples of the links between exercise and specific cancers include:

Bladder Cancer
Physical activity has been linked to reducing the risk of bladder cancer. Further research on outside factors must
be made to confirm the association.31

Breast Cancer

Women with a family history of breast cancer, who engage in regular exercise have a reduced risk of
postmenopausal breast cancer. The impact of exercise on the risk of premenopausal cancer is currently being
studied.32

Colon Cancer
Physical activity has been shown to reduce the risk of colon cancer, especially among people who are overweight
or obese.33

Endometrial Cancer
Although further studies are needed to measure the level of risk reduction and specific type of physical activity,
moderate exercise is associated with reduced risk for endometrial cancer.34

Esophageal Cancer
Although existing studies indicate that physical activity offers protection against esophageal and gastric cancer,
further research must be done to assess the intensity of the exercise needed to obtain the benefit.35

Kidney (Renal) Cancer

An older, 2013, review of the existing research came to the conclusion that physical activity may decrease the risk
of kidney cancer by up to 22%. Research to determine the intensity, frequency, and duration of exercise needed to
reduce kidney cancer is ongoing.36

How Does Exercise Reduce Cancer Risk?

Although the association between exercise and reduced cancer risk is clear, many gaps remain in our
understanding of how exercise reduces cancer risk. So far, research has identified mostly changes in pathways
critical to the to the development of cancer. Much like increased cholesterol is an indicator of possible heart
disease, a number of ‘biomarkers’ have been found that link exercise to reduced cancer risk.37

Exercise lowers sex hormone levels.

Estrogen is a female sex hormone that maintains the female reproductive system. While estrogen is essential for
the female body, women with elevated levels of estrogen and other sex hormones (androgens) are at a higher risk
for developing breast cancer (7). Research has shown that exercise of sufficient frequency and intensity causes
significant decreases in levels of these hormones.37

Exercise prevents high insulin levels
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Insulin resistance leads to elevated blood levels of insulin, as well as elevated amounts of glucose in the blood
stream. Insulin increases the chances of tumor development by activating cell proliferation, or cells dividing
rapidly, and the inhibition of apoptosis, or programmed cell death.37 Most research investigating the effects on
exercise on cancer growth focuses on cancers relationship to circulating metabolic factors, especially the insulin-
glucose axis. Exercise is shown to have a correlation decrease in insulin levels of cancer patients38, 39

Exercise reduces inflammation and regulates insulin levels39

In a study measuring the amount, type, and intensity of physical activity, and adiposity and diet, researchers found
that aerobic and resistance training in combination were associated with decreases in cancer biomarkers.38

Biomarkers of inflammation include C reactive protein (CRP), a protein that increases in the blood during periods of
inflammation and the immune system regulating proteins interleukin-6 (IL-6) and tumor necrosis factor alpha
(TNFa).

Biomarkers of elevated insulin levels include c peptide, a byproduct of insulin production. Markers of insulin
resistance includes high triglycerides (TG) and low high density lipoprotein cholesterol (TG/HDL) ratio, and
adiponectin, decreased levels of adiponectin play a role in the development of obesity-related diseases.

Favorable biomarker levels for inflammation and insulin were tied to physical activity. Evidence favors moderately
intensity exercise. Exercise that combines aerobic and resistance training have a stronger impact than vigorous
activity or aerobic exercise alone.

The authors found that high physical activity, preferably aerobic plus resistance training, was associated with
favorable biomarkers of inflammation and insulin response. Physical activity had similar associations for people
with different levels of body fat (adiposity) and different diets. The best results were achieved by attaining high
levels of all three. Physical activity reduces adiposity, essential in the relationship between the biomarkers of
inflammation in the insulin responses.

Exercise Improves the immune system

Exercise promotes the activation of natural killer (NK) cells. These cells have the ability to recognize and kill other
cells, including cancer cells. The increase of catecholamines, a hormone released during exercise, leads to
increased numbers of NK cells in the blood stream.

Human NK cells are efficient cancer killers. The activation of these cells by exercise, plays a unique role in cancer
therapy. Research suggests that exercise can increase the immune response to tumors. The activity can be further
enhanced by the use of immune checkpoint inhibitors.29

Learn more about immune checkpoint inhibitor cancer treatments.

Exercise changes microRNA (miRNA) levels

RNA is one of the main information carriers in our cells. While DNA serves as the ‘storage’ form of our genetic
information, RNA is the ‘working’ form. Tiny strings of RNA called microRNAs are known to regulate how many
biological pathways work. Regular weekly exercise has been shown to change the amounts of different microRNAs
in the blood. Blood fluid (sera) from people who had exercised was shown to reduce the survival of breast cancer
cells in the laboratory. The researchers attribute the change to the microRNAs in those samples.40

Learn more about microRNAs

Exercise Changes Oxygen Radical Levels and Signaling

Radicals are small chemicals produced in cells. The can be formed when cells capture engery from food, due to
exposure to radiation or in other ways. They are very reactive and easily combine with - and damage - many
important parts of cellls. Many of the important radicals in cells are derived from oxygen and are therefore called
oxygen radicals.

The development of cancer can be driven by mutations and other cellular damage caused by radicals. Reactive
oxygen and nitrogen radical levels in skeletal muscles (RONS) are increased by moderate-to-high intensity level
exercise. At the same time, the increased levels lead to the activation of genes and proteins that block/destroy
radicals. The boost in radical-destroying capability can slow or kill cancer cells. The combination of exercise with
radiotherapy and/or chemotherapy may create an additive effect, increasing the effectiveness of the treatments at
killing cancer cells.41

Skeletal muscles are thought to play an essential role in tying exercise to the reduction of cancer. Skeletal muscles
produce signaling molecules (cytokines) and growth factors. These factors can travel in blood and effect the entire
body. Some muscle products can inhibit tumor cells. They regulate the production of proteins that block cell
reproduction, alter oxygen radical levels and lead to the release of signaling miRNAs into circulation.

A combination of aerobic and resistance appears to produce the best benefit for cancer patients and survivors.

Studies on the link between cancer and exercise are difficult to design. Because of this the results are not
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consistent. It is difficult to pinpoint the exact way that exercises reduces cancer risk. Studies that measure
exercise and cancer tend to rely on self-reports of exercise. These are subjective and lack reliability and validity.
Despite these limitations, our knowledge about the relationship between cancer risk and exercise is advancing.39

Racial Disparities In Physical Activity and Cancer Prevention

Race, ethnicity, and gender play a role in differences of physical activity in adults. Low financial resources can
result in poor health in children, increasing the likelihood of chronic conditions and time of hospitalization.
Economic status also impacts likely educational attainment. Poor childhood health plays a role in the transfer of
economic status and healthy wellbeing across generations. 33.8% of White adults, 23.8% of Hispanic adults and
23.2% of Black adults engage in regular leisure physical activity. Non-work related physical activity is significantly
lower among Black, Hispanic, and other minority racial groups, and these diferences can partially be explained by
education level, socioeconomic status, and the locations in which the people live. In these groups, work-associated
physical activity (blue collar labor), significantly outweighs non-work leisure physical activity. The absence of non-
work physical activity lowers the benefits associated with exercise, including the prevention of cancer.42

One example can be found in breast cancer patients. A study of 1735 breast cancer patients, African American
patients were found to be less likely to exercise the recommended amount - both before and after diagnosis.43

Antioxidants and Cancer

The possible role of antioxidants in the prevention and treatment of a variety of medical conditions has been
very highly publicized. For some diseases, anti-oxidants may well play an important role. Unfortunately, some of
the excitement is not based on scientific evidence. In order to understand how antioxidants work, it is first
important to understand the process of oxidation.

What is Oxidation?

Oxidation is a chemical process. Oxidation is the reason that metals rust and apples turn brown. When this same
process happens inside your body, it can harm cells and tissues. Free radicals are small chemicals that are
responsible for oxidative damage. Free radicals can be contained in (or caused to form by) a variety of things
including tobacco smoke, radiation (like sunlight or x-rays) and even the normal functioning of the human body.
Free radicals are unstable and they can interact with, and alter, other molecules. Targets of free radicals include
DNA, lipids and proteins. When free radicals interact with other molecules, they can cause changes (called
oxidation) that interfere with the normal activity of the altered target molecules. The altered activity of the
affected cell parts can cause severe problems for the cell and ultimately the entire body. You can learn more
about oxidation in the Closer Look on this page.

What are Antioxidants?

Antioxidants are molecules that, as the name suggests, prevent or reverse oxidation. Examples of dietary
antioxidants include vitamins C and E. Antioxidants are able to interact with and neutralize free radicals /n vitro 44,
45, improve health and prolong life in animals 46, 47, and many studies are underway to investigate the potential
of these compounds to prevent cancer in humans. Antioxidants are important to humans because they stop
'radicalized' molecules before they cause damage. Compounds that exhibit antioxidant properties do this by
donating an electron to a free radical without needing to steal another electron. Unlike most compounds,
antioxidants are stable with or without the electron they donate. Some antioxidants function in a "suicidal" manner,
neutralizing free radicals by forming permanent bonds with them.

Sources and Uses of Antioxidants
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There are many good sources of antioxidants including green tea,
berries, tomatoes and soy. Antioxidants can be found in many fruits and
vegetables because plants produce antioxidants to help protect
themselves from free radicals created by radiation from the sun. The
body naturally produces some antioxidants that help protect against free
radical damage. Unfortunately, these do not provide complete
protection. Humans must consume antioxidants from other sources if
they wish to decrease their risk of developing diseases that are
increased by free radical damage 48. Outside of the body, antioxidants
can also be used for many practical purposes: museum curators use
them to preserve artifacts derived from living things, they can prevent
food from spoiling. They are also used to make better rubbers, plastics,
automobile fuels and paint 49.

NOTE: Just because something is healthy does not mean more is

better. Even the healthiest substances can cause harm if taken in large amounts. In fact, there has been
some recent evidence linking antioxidants to the spread of cancer. The benefits of antioxidants aren't limited to
healthy cells; it seems they can support the survival and spread of cancer cells too. In one study, mice were given
an anti-diabetic drug that activated a protein, called NRF2, in their cells. This protein increases the levels of
antioxidants in cells. NRF2 activation seemed to increase cell migration and metastasis in mice with pre-existing
tumors. Be sure to tell your physician about any drugs you may be taking, and always ask before starting any
supplements. 50

Watch the full interview about antioxidants with urologist Dr. John Petros.

A Closer Look at Free Radicals

Atoms are composed of a nucleus, containing particles called protons and neutrons, and a group of particles
(electrons) that constantly circle the nucleus like satellites around the earth. In most molecules electrons travel in
pairs around the nucleus.Free radicals are an exception. At least one atom in a free radical has a single (unpaired)
electron circling the nucleus. This single electron gives the atom a charge, making it very attracted to other
molecules. A molecule with an unpaired electron is said to be 'radicalized'. These radicalized compounds, or free
radicals, can quickly react with other molecules. For this reason these compounds are also called reactive species.
Oxygen is the most common reactive species found in the human body and when it acquires an extra electron it is
called a reactive oxygen species (ROS).

Free radicals 'steal' an electron from a nearby molecule so that all of their electrons are in pairs. The affected
target molecule would then become a radical. A chain reaction of electron 'theft' can occur within a cell. Free
radicals can affect just about any structure in a cell, including DNA. If free radicals steal an electron from DNA, the
genetic code can be damaged and cell function damaged. DNA damage caused by free radicals has been
associated with aging, rheumatoid arthritis, inflammatory bowel disease, acute respiratory distress syndrome
(ARDS), emphysema, and some types of cancer. 51, 49, 52

Plant Products (Phytochemicals) and Cancer

Phytochemicals are compounds found in plants. The phytochemicals below are being investigated to see if they are
beneficial to human health; even when extracted from the plant from which they originate. In recent years, there
has been a large amount of research to investigate the usefulness of specific natural compounds in the prevention
and treatment of cancer. The list below is not meant to be complete. There are numerous other chemicals that
are being examined. We have chosen some of the best-studied and most widely publicized agents:

Choosing an item from the list below will take you to the Plant Products page in our Integrative Oncology section.
e Anthocyanin (Berries)
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Curcumin (Turmeric, Curry)
EGCG (Green Tea)
Lycopene (Tomatoes)
Phytoestrogens (Soy)
Pycnogenol (Pine Trees)
Resveratrol (Grapes, Wine)
Selenium (Nuts)

Drugs

Drugs that are used to help prevent cancer are highly regulated by the federal government to insure quality and
safety. Most drugs that are suggested by doctors to help prevent cancer are for a specific population that is at a
high risk of developing certain cancer types. These drugs are not suggested for all people because they can cause
other problems that may not be worth the cost of protection. Nevertheless, some drugs have been shown to
decrease the risk for cancer and have been approved by the US Food and Drug Administration for cancer
prevention. These include non-steroidal anti-inflammatory drugs (NSAIDs) and the hormonal antagonists tamoxifen
and raloxifene, discussed in more detail below.

Non-steroidal Anti-inflammatory Drugs (NSAIDs)

Types of NSAIDs
COX-1 Inhibitors:

Structure of Acetaminophen

Structure of Diclofenac

Structure of Ibuprofen

Structure of Salicylic Acid

COX-2 Inhibitors:

Structure of Celecoxib

Structure of Naproxen
Structure of Rofecoxib

Structure of Valdecoxib
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The inflammatory response is a normal function of the human immune system. This process helps repair the body
after injury. When you get cut or hurt, the area usually becomes red, hot, and swollen. In part, this is caused by the
immune system as it works to heal the damaged area of your body. This response brings nutrient rich blood to the
area so injured tissues can be repaired and new cells can grow 53. Despite its normally positive function, research
has shown that the human inflammatory response is important in controlling the environment of cancer cells.
Inflammation can promote tumor angiogenesis, initiation, growth and metastasis. Cells of the immune system,
such as macrophages, may also be negatively affected by inflammation. 54, 55, 56, 57. Also, the same cells that
are stimulated by the immune response to grow and replicate may malfunction and grow without proper
regulation; this behavior may lead to the initiation of a cancerous growth. 53.

Learn MORE about angiogenesis and metastasis

Non-steroidal anti-inflammatory drugs interfere with the activity of a family of enzymes called cyclooxygenases
(COX). COX inhibitors prevent the enzymes from producing chemical signals responsible for inflammation, pain and
possibly tumor growth 58. There are two types of NSAIDs, grouped by the form of COX they inhibit (COX-1 or COX-
2). NSAIDs are quite common and are commonly known as pain relievers [acetaminophen (Tylenol®), diclofenac
(Voltaren®), ibuprofen (Advil® ), salicylic acid (Aspirin®), celecoxib (Celebrex®), naproxen (Aleve®), rofecoxib
(Vioxx®), and valdecoxib (Bextra®)]. Aspirin is also taken for the prevention of heart disease. For this use, the
average, safest, and most effective dose of aspirin usually recommended by doctors is 81 mg/day 59.

Scientific Research
Research suggests that NSAIDs are effective chemopreventative agents but significant negative effects have also
been identified. Regular use of aspirin has been shown to reduce the risk of colorectal cancer and recurrent

but seems to be linked to their ability to block the cyclooxygenase (COX) enzymes.66
COX-1 inhibitors are associated with digestive problems such as excessive bleeding and ulcers.59

COX-2 inhibitors have recently come under scrutiny because they were identified as increasing the risk of heart
attacks and strokes 67. Because of the risks associated with NSAIDs, only people at high risk of cancer are typically
given these drugs as a preventative measure. Researchers are now working to identify the sub-population of
people who should take NSAIDS to lower their risk of colon cancer. 68

Aspirin, a type of NSAID, has been documented in some cases to reduce the risk of certain cancers, notably
colorectal cancer, and potentially cancers of the oesophagus, stomach, breast, ovary, and lung. Aspirin has also
been shown to reduce the risk of Barrett's esophagus, a precursor to esophageal cancer.69. Though daily aspirin
use has been shown to decrease cancer mortality,70 aspirin is nevertheless a drug, and long-term use may lead to
other problems. Aspirin has even proposed to increase risk for kidney cancer 71

Studies have shown that individuals with an increased risk of colorectal cancer may be able to reduce recurrence
of adenomas or advanced adenomas in the colon with the use of aspirin 72. However, its effectiveness in
prevention may be dependent on its duration of use and the dose taken.73, 74 The long term use of aspirin has
been documented to reduce the incidence of colorectal cancer. Long-term use was even associated with decreased
abnormal methylation of genes related to cancer. 75In contrast, studies with smaller, short term usage have not
yielded these results.76, 77 The US Preventative Services Task Force has concluded, though, that overall, taking
aspirin to reduce the risk for colorectal cancer may be doing more harm than good for individuals with an average
risk of developing colorectal cancer.78 More research is needed to determine if the benefits outweight the possible
risks for people with an increased risk of colorectal cancer. In summary, aspirin has been shown to reduce the risk
of developing colorectal cancer and adenomas, and reduce the chance of recurrence of colorectal cancer and
adenomas in individuals with a history of colorectal cancer. However, taking aspirin for colorectal cancer
prevention depends on an individual's risk of developing cancer; the possible negative effects of aspirin need to be
weighed against its chemoprevention benefits.

Results of studies on the ability of aspirin to reduce the risk of prostate cancer have been inconsistent.79 Some
research indicates that aspirin may be able to reduce the level of prostate specific antigen (PSA) in individuals with
latent cancer, and thus affect the detection of prostate cancer.80 Other research indicates that, as with colorectal
cancer, the dosage and duration of aspirin intake may play a role in its protective effect 81. For example,
researchers found that exposure to an average dose of at least 80 mg of aspirin for 8 years led to a decline of 18%
in prostate cancer risk. However, one year after ending the 7 year regular aspirin intake, no protective effect was
found.

It is unclear whether aspirin reduces the risk of breast cancer. Some studies have found that aspirin use is
associated with reduced risk for breast cancer 82, but others have found no significant reduction in risk with use of
aspirin 81.1t is possible that the effects are different for different types of breast cancer. For example, daily intake
of aspirin was associated with reduction in risk for ER-positive breast cancer 81. Recent research also indicates that
aspirin may prevent the metastasis of breast cancer 83.

Low-dose aspirin may help reduce the risk of ovarian cancer, and could improve survival of women with ovarian
cancer. By looking at information gathered by 13 different studies, involving 750,000 women, researchers showed
that daily aspirin use reduced risk of ovarian cancer by 10%.84 A separate study, using information from the
Nurse's Health Studies, found that daily aspirin users had up to a 30% improvement in their survival.85
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A large clinical trial, ASPirin in Reducing Events in the Elderly (ASPREE) studied the impact of daily low

dose (100mg) aspirin on the health outcomes of elderly people. The study followed over 19,000 Australians and
Americans aged 70 yrs and higher (65+ years for American minority participants). The median time that
participants were followed was 4.7 years. The study found no statistically significant differences in the number of
cancer cases that arose but that the people taking aspirin were more likely to have advanced cancer (cancer that
had spread). Taking aspirin was also linked to increased death from some cancers. The results indicate that aspirin
may affect the elderly differently than younger people.86

US Food and Drug Administration Approval

Celecoxib (Celebrex®) is the only NSAID that has been approved to treat cancer. It is used to reduce polyps for
people with a rare genetic disorder (adenomatous polyposis)87. In 2007, the US Preventive Services Task Force
recommended against the use of aspirin for the prevention of colorectal cancer.88 The recommendation was the
same in 2013 review.89

Hormonal Antagonists

Drugs:
Tamoxifen- Nolvadex®
Raloxifene- Evista®, Keoxifene, Raloxifene Hydrochloride

Classified as:
Hormonal Antagonists

Structure of Tamoxifen

Structure of Raloxifene

Intro and Background

Tamoxifen and Raloxifene are both prescription drugs that are structurally similar to the hormone estrogen.
Tamoxifen was originally developed in the 1960s as a possible contraceptive. After it was found to be inneffective
for this use, doctors began researching it as a way to fight estrogen stimulated cancers. 90, 91 In the 1970s, it was
tested on late stage breast cancer and was found to be a potent treatment. In 1998, it was approved as the first
chemopreventative agent for women with a high risk of breast cancer. 91, 92

Tamoxifen and Raloxifene are classified as selective estrogen receptor modulators (SERMs) because they are able
to block a cell's response to estrogen. Tamoxifen is also known to trigger uterine cancer and blood clots that may
block blood vessels (thromboemboli). Because of these negative side-effects, doctors suggest that only women
with a high risk of breast cancer should take the drug as a preventative measure 92, 93.

Scientific Research

Early studies showed that breast cancer tumorogenesis was inhibited in rats treated with tamoxifen 94. In addition
to the positive effects of tamoxifen, it has been found to increase the risk of endometrial and uterine cancers. This
may be due to its ability to damage DNA in healthy cells 95. Both tamoxifen and raloxifene have both been shown
to reduce the incidence of invasive breast cancer by as much as fifty percent in high risk women.96, 97, 98, 99

US Food and Drug Administration Approval

Tamoxifen was approved by the FDA for breast cancer treatment in 1977. Tamoxifen was subsequently approved
as a way to help prevent surgically removed breast cancer from reoccurring as well to help prevent breast cancer
in high risk women 91. Raloxifene has been approved by the FDA to help prevent and combat cancer and bone loss
(osteoporosis). 100, 97

Cancer Vaccines

The prevention of cancer is the ultimate goal of cancer researchers and clinicians. One good way to accomplish this
is to prevent infection with agents (viruses, bacteria, and parasites) known to cause cancer. Vaccines have been
developed and approved to prevent infection with hepatitis B virus, a cause of liver cancer, and the human
papillomavirus, the major cause of cervical cancer and a cause of cancers of the head/neck and urogenital tract of
men and women. Learn more about the approved vaccines:

Cervical Cancer Vaccines

The development of vaccines against HPV is a major step in the fight against cervical cancer.
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Currently, there are three vaccines approved for the prevention of
infection with HPV, Gardasil®, Gardasil 9® and Cervarix®.

Gardasil® is FDA approved for the prevention of HPV types 6, 11, 16 and
18 infection in young women aged 9-26. On October 16, 2009, the FDA
also approved Gardasil® to prevent genital warts caused by HPV types 6
and 11 in young men aged 9-26.101, 102 In 2016, the CDC changed their
recommendation for 11- to 12-year-olds, allowing them to take only two
doses of HPV vaccine instead of three doses. People vaccinated at 15
through 26 years of age, still need to get three doses of of the
vaccine.103

Cervarix® also prevents infection by HPV 16 and 18. Cervarix® was
approved for use in the United States in October 2009.104

Importantly, the vaccinations are prophylactic and are not effective

against the progression of pre-existing HPV infection or cervical dysplasia, and should not deter
women from annual screening tests, especially since not all cancer causing (oncogenic) forms of HPV are
included in the vaccines.104, 105

Watch the video to learn more about HPV vaccines. Watch the full interview with Dr. Ira Horowitz.

Because of exciting recent developments in this field, we will cover this treatment in more depth than some others
and will discuss the development of the treatment

The majority of cervical cancer is believed to be caused by the Human Papillomavirus (HPV). There are more than
100 variants (subtypes) of HPV but only a small subset are associated with human cancer. HPV subtypes 16 and 18
are the variants most commonly associated with human cervical cancer. Several characteristics of HPV make it a
good target for vaccine development. The virus is simple, small, and has a stable genome. HPV vaccine
development and clinical trials are currently underway.

Gardasil®

The Strategy

As discussed in the previous sections, the goal of vaccines is to increase the response of the immune system to
particular antigens. The idea is that if our immune system 'sees' the protein again, it will respond very strongly. In
the case of viruses, the immune system often reacts to the proteins on the outside of the virus particle.

In a laboratory, it is possible to construct non-infectious virus-like particles (VLPs) that are similar to the
infectious virus but are free of viral DNA and can therefore not reproduce. These VLPs contain viral proteins and
are capable of generating the same natural humoral immune response following injection into the body. Two
different VLP-based Human Papilloma Virus vaccines are at advanced stages of development/usage.

The Agent

Gardasil®

The first preventative cancer vaccine to receive FDA approval was Gardasil®. Gardasil® was designed to prevent
infection by four different subtypes of HPV (6, 11, 16, and 18). HPV types 6 and 11 together, cause 90% of the
cases of genital warts while 16 and 18 combined, are responsible for 70% of cervical cancer cases. Gardasil®
contains VLPs containing the capsid protein of each of these four strains of HPV.

Gardasil® is produced by Merck Pharmaceuticals. The agent was approved by the FDA on June 8, 2006 for the
prevention of cervical cancer (and genital warts) in females 9-26 years old and is being tested for its effectiveness
in other age groups and in combination with other vaccines. On October 16th,2009 Gardasil® was approved for
use in boys and men 9-26 years of age.

The Data

Following positive phase | and Il clinical trials, a total of 12,167 women, aged 16-26 years, enrolled in a phase lll
trial at 90 different study centers in Brazil, Colombia, Denmark, Finland, Iceland, Mexico, Norway, Peru, Poland,
Singapore, Sweden, the United Kingdom and the United States. Of the more than 12,000 participants, 6,082
females received a three dose regimen of Gardasil while the remaining 6,075 received a placebo. The study
evaluated the occurrence of HPV 16/18 associated cervical pre-cancers and non-invasive cancers.

Specifically, participants were screened for moderate (2) and high (3) grade cervical intraepithelial neoplasia (CIN),
Grade 3 CIN is also known as carcinoma /n situ (CIS). CIS is an immediate precursor to invasive squamous cell
cervical cancer. Participants were also examined for the occurrence of AIS adenocarcinoma /n situ (AlS), a
precursor to glandular cervical cancer. The results of the trial showed that Gardasil® prevented 100 percent of
high-grade pre-cancer and non-invasive cancers associated with HPV 16/18. Gardasil® was also found to reduce
the risk of developing high-grade pre-cancer and non-invasive cancer in women who may have violated the
protocol or become infected with the virus during the time of the trial. The treatment received FDA approval in the
summer of 2006.106, 107, 108
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In most cases, infections with HPV are cleared entirely by the immune system. Cancer does not form.

If infections last a long time, often many years, cancer can develop.

Vaccines give the immune system a chance to get prepared, so when the actual virus comes in, it can be eliminated quickly.

This prevents infection and the chance of cancer.

Gardasil 9®

Building on the success of Gardasil®, a new vaccine was developed which protects against additional forms of the
human papillomavirus.

Gardasil 9® covers 9 HPV types, 4 of which are covered in the previously-approved Gardasil® and 5 of which are
not covered by the previously-approved Gardasil®. The 5 additional HPV types are 31, 33, 45, 52, and 58, which
are responsible for approximately 20% of cervical cancers. Gardasil®9 is administered as 3 separate shots: initial
dose followed by a second dose 2 months after the initial dose and a third dose 6 months after the initial dose.

In a clinical study conducted in the United States and overseas, approximately 14,000 participants (females ages
16 to 26) were either given Gardasil® or Gardasil®9. Gardasil®9 was found to be 97% effective at preventing the
diseases caused by HPV types 31, 33, 45, 52, and 58. It was also found to be as effective as Gardasil® at
preventing the diseases caused by HPV types 6, 11, 16, and 18. Commonly reported side effects include injection
site pain, swelling, redness, and headache.

Gardasil 9% is produced by Merck Pharmaceuticals. On December 10th of 2014, Gardasil 9® was approved for use
in females 9-26 years of age and in males 9-15 years of age. In 2015, the vaccine was approved for males 9-15
years of age, and in 2016, a two-dose regimen was approved for individuals aged 9-14109

More on Gardasil® from Merck
Search for clinical trials involving Gardasil® at the NCI

Cervarix®

A second HPV vaccine, Cervarix®, produced by GlaxoSmithKline, was approved by the U.S. Food and Drug
Administration (FDA) in October 2009 for use in girls age 10 to 25.110 The vaccine is designed to protect against
infection by HPV types 16 and 18, these two subtypes of HPV are responsible for 70% of cervical cancer cases. In
addition to two VLPs, the vaccine also contains chemicals (aluminum hydroxide and 3-deacylated monophosphoryl
lipid A (AS04)) designed to increase the immune response to the viral proteins.

A Phase lll double-blind, placebo-controlled trial of Cervarix® was conducted with more than 1,100 women in North
America and Brazil between the ages of 15 and 25. Those receiving Cervarix® received three doses of the vaccine
over a six month period, similar to the manner in which Gardasil® is administered. Follow-up was conducted for 27
months. Researchers found a 92 percent efficacy rate against new infection and 100 percent protection against
persistent HPV infection. The results also showed that AS04 helped the vaccine to elicit a stronger antibody
response than would occur with natural infection.111

In 2016, Cervarix® was withdrawn from the U.S. market112
Liver Cancer (Hepatitis Virus)

Chronic infection with hepatitis viruses is a major risk factor for the development of liver cancer. Both hepatitis B
virus (HBV) and hepatitis C virus (HCV) are associated with liver cancer.113, 114 Gobally, infection with hepatitis B
virus is extremely common, with an estimated 240 million people infected worldwide in 2005.115

A vaccine against hepatitis B virus was approved in 1981, making it the first cancer prevention vaccine.116 Today,
babies in the US are routinely vaccinated against hepatitis B shortly after birth. It is also recommended that adults
receive vaccinations against hepatitis B117, 118 There is no vaccine available to prevent infection with hepatitis C.
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