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Foreword

Much has been achieved during the past fifty years in relation to the prevention and early detection of several cancers. For example, most lung cancers would not occur if nobody smoked, and many early and therefore curable breast cancers can now be detected by mammography, or early and eminently curable large-bowel cancers detected by colonoscopy. Similarly, advances in cancer treatment have resulted in the prolonged survival or even the cure of many whose outlook was previously regarded as poor.

In spite of all this progress there are still many hurdles to jump in the successful prevention and treatment of many cancers. This is where Fighting Cancer with Vitamins and Antioxidants comes into the picture. The authors, a father-son duo of published scientists, lucidly describe the evidence and potential value of vitamins and several other micronutrient supplements in both the prevention and treatment of cancer.

A major feature of this book is the clarity with which complex concepts, such as the immune system, antioxidants, free radicals, how supplements work, and carcinogens in our environment, lifestyle, and diet are explained. These concepts and terms are often quoted in popular literature without explanation, leaving many, especially lay readers, in the dark.

Important to the authors’ approach is a reliance on scientific data and rational evidence. They emphasize the major distinction between the preventive and therapeutic approach to micronutrient use. They also believe that micronutrient supplements, used alone, are not a cure-all or panacea, but rather adjuncts to other strategies, such as diet in cancer prevention, and surgery, radiotherapy, or chemotherapy in cancer treatment. The misuse and risks of inappropriate micronutrient use are outlined in the book. The authors stress using supplements in conjunction with the advice of a physician or other relevant health professional, a policy I strongly support.

In cancer prevention, the authors propose a strategy that combines the avoidance of exposure to environmental carcinogens such as smoking with a healthy diet and lifestyle changes including regular exercise and the daily use of multiple micronutrients, the nature and dosage of which is based on currently available data.

Author Kedar N. Prasad is also an expert and published radiobiologist. Because of this expertise he has included an interesting and novel section on cancer risk after diagnostic doses of radiation, a relatively poorly researched field, especially when it comes to cancer prevention. In cancer prevention of this group of people, the authors propose the addition of antioxidants to currently practiced strategies of radiation dose reduction. The authors also mention the potential value of antioxidant use among other groups exposed to various forms of radiation, such as pilots, airline stewards, radiation and radiology workers, and even those who use cell phones heavily. Clearly, further research is needed.

The place of micronutrient supplements as an adjunct to radiation, chemotherapy, or experimental treatments such as hyperthermia is the subject of controversy. Many oncologists and physicians believe that antioxidants and perhaps other supplements protect normal cells as well as cancer cells from radiation damage, thereby making such cancer treatment less effective than expected. The authors of this book, however, argue that there is sufficient scientific evidence to show that an appropriately dosed combination of multiple supplements protects normal body cells but not cancer cells, thereby decreasing the adverse side effects of radiation and possibly of chemotherapy. Important clinical research is needed to resolve this controversy, and the authors quite correctly suggest the conducting of well-designed intervention studies with the use of appropriately dosed multiple supplements.

This book is clearly written and based on science and current data. It provides a stimulus for much-needed research in some unresolved areas of cancer prevention and cancer treatment. The book is an important contribution to the prevention and treatment of human cancers, and the role that micronutrient supplements play within it.

GABRIEL KUNE, M.D.,

EMERITUS PROFESSOR OF SURGERY,

THE UNIVERSITY OF MELBOURNE,

AUSTRALIA



PREFACE

Why Should You Read This Book?

Despite extensive research on the role of diet, lifestyle, and antioxidants in cancer prevention, the incidence of cancer in the United States has increased from 1.2 million new cases per year only a decade ago to about 1.5 million cases per year in 2009. The current recommendation of consuming a diet rich in antioxidants, low in fat, and high in fiber, although very rational, has not had significant impact on reducing the incidence of cancer. Increased oxidative stress from the production of excessive amounts of free radicals, along with the effects of chronic inflammation, plays a major role in the initiation and progression of cancer.

Micronutrients, especially antioxidants, have been shown to help ameliorate these effects; therefore, they have great potential for reducing the risk of cancer. Unfortunately, some clinical studies in which a single antioxidant was used in populations at high risk for developing cancer (such as heavy tobacco smokers), revealed an increased cancer risk in the antioxidant-treated group. These results have called into question the potential value of antioxidants in cancer prevention. This revised edition of Fighting Cancer with Vitamins and Antioxidants discusses the questions that have arisen from these studies and proposes solutions. The solutions include changes to the diet and lifestyle together with daily supplementation with a specific multiple-micronutrient preparation containing dietary and endogenous (made by the body) antioxidants for reducing the risk of cancer.

The U.S. mortality rate from cancer has not changed significantly during the past several decades, in spite of extensive research and the development of new treatment methods and drugs. The American Cancer Society estimates that in 1950 the death rate from cancer was about 194 per 100,000. In 2006 this value was 180.7 per 100,000. The effectiveness of standard cancer treatment, which includes radiation therapy, chemotherapy, and surgery, has reached a plateau for many solid tumors. In addition, damage to normal tissue occurs during radiation and chemotherapy. While some therapies have been successful—reducing the risk of recurrence of breast cancer with tamoxifen, for example—there are often no effective strategies to reduce the risk of recurrence of the other primary tumors or the development of second cancers among cancer survivors. There are also no effective strategies to prolong the survival time of patients who have become unresponsive to all therapies. Supplementation with a multiple-micronutrient preparation has great potential to enhance the effectiveness of standard therapy, reduce the risk of recurrence of primary tumors, reduce the risk of developing new cancer among survivors, and increase survival time.

However, the role of antioxidants in cancer therapy has become controversial, and many oncologists discourage patients from taking antioxidants before or after therapy. This revised edition of Fighting Cancer with Vitamins and Antioxidants discusses the reasons behind these controversies and proposes a specific preparation of multiple micronutrients, including antioxidants, for those receiving standard therapy, those in remission, and those who have become unresponsive to all therapies.

Recent studies suggest an increased risk of cancer among individuals who receive diagnostic doses of radiation (such as during mammograms, CT scans, chest X-rays, dental X-rays, and nuclear medicine procedures), radiation workers (individuals working with X-ray equipment and employees at nuclear power plants), and frequent fliers (pilots and crews of aircraft). The revised edition of Fighting Cancer with Vitamins and Antioxidants discusses in detail the cancer risk among these groups and suggests a specific multiple-micronutrient preparation to reduce the risk of cancer among them. The recommendations should be adopted only in consultation with a physician.

KEDAR N. PRASAD, PH.D.

K. CHE PRASAD, M.S., M.D.
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Common Misconceptions about Cancer

During the past three decades, extensive research on antioxidants, diet, and cancer prevention and treatment has been published in peer-reviewed journals and gives an inconsistent message to the public and health professionals regarding the value of antioxidants. Many popular magazines and books have also reported contradicting claims regarding the usefulness of antioxidants for maintaining good health and preventing or treating cancer.

Micronutrients include antioxidants, B vitamins, and certain minerals such as iron, copper, manganese, selenium, and zinc. Some antioxidants are made in the body, such as glutathione, alpha-lipoic acid, coenzyme Q10, and antioxidant enzyme. We will refer to them as endogenous antioxidants. Other antioxidants are found in the diet, such as vitamin A, beta-carotene, vitamin E, and vitamin C. We will refer to them as dietary antioxidants. Both endogenous and dietary antioxidants are absolutely essential for our growth and survival. In addition, antioxidants protect our bodies against damage caused by free radicals. Free radicals are atoms, molecules, or ions with unpaired electrons that are formed as by-products whenever oxygen is used by cells. Free radicals can be derived from oxygen or nitrogen and are symbolized by a dot: •.

Small amounts of free radicals play an important role in several biochemical reactions and in the stability of genetic activity that is necessary for our survival. Excessive amounts of free radicals can damage all parts of the cells, including genetic material. They play a central role in initiation and progression of human cancer. In 1900 the first organic free radical, triphenylmethyl radical, was identified by Moses Gomberg of the University of Michigan in the United States.

Although most nutrition scientists agree with the idea that changes in the diet and lifestyle may reduce the risk of cancer, the value of micronutrients, including antioxidants, in cancer prevention or treatment remains controversial and the subject of extensive debate. As a result, a number of misconceptions concerning the value of supplementary micronutrients exist among the general public and many health professionals. In an effort to reduce confusion, some of them are discussed herein.

Misconception 1: The more supplementary micronutrients, including antioxidants, you take, the better you will feel.

Fact: This belief can be dangerous to your health. Consumption of excessive amounts of certain micronutrients may cause severe damage to your body. For instance, taking large amounts of vitamin A (25,000 IU or more per day over a long period of time) may lead to liver and skin toxicity. Vitamin A, even at lower doses of 10,000 IU or more, can increase the risk of birth defects in pregnant women and of bone fractures in older women. Excessive intake of selenium—400 micrograms (mcg) or more per day over a long period of time—may cause cataracts (an eye disease in which the lens becomes opaque). Taking vitamin B6 (50 mg or more per day over a long period of time) can induce peripheral neuropathy (numbness in the extremities), which is reversible upon discontinuation of the vitamin.

Misconception 2: All the different forms of vitamins C and E have similar effects on cancer cells and normal cells.

Fact: This statement has been proved untrue in many experiments. For example, vitamin E in the form of d-alpha-tocopheryl succinate is more potent than other forms, such as d-alpha-tocopherol, d-alphatocopheryl acetate, or d-alpha-tocopheryl nicotinate, in curtailing the growth of cancer cells, but it has no effect on normal cells. Vitamin C is sold commercially as ascorbic acid, sodium ascorbate, or calcium ascorbate. Ascorbic acid at high doses can cause upset stomach in some people. Sodium ascorbate at high doses can increase the concentration of sodium in the urine, which has been shown to increase the risk of chemically induced bladder cancer in animals. Calcium ascorbate appears to be the most suitable form of vitamin C for reducing the growth of cancer cells without affecting the growth of normal cells.

Misconception 3: The addition of trace minerals, such as iron, copper, and manganese to many multiple-vitamin preparations containing vitamin C is good for your health.

Fact: Your body needs tiny amounts of these trace minerals for growth and survival. These amounts can easily be obtained from a typical Western diet. The body has no significant way of getting rid of these minerals once they enter the body, so the addition of iron, copper, or manganese in any multiple-vitamin preparation is not optimal for long-term health. It is well established that vitamin C in combination with iron or copper (and less so with manganese) generates excessive amounts of free radicals that can damage cells and/or reduce the effectiveness of vitamins. In addition, the absorption of these trace minerals in the presence of vitamin C is enhanced markedly in the intestinal tract, which can increase the body’s storage of minerals such as iron. Increased storage of free iron (not bound to proteins) in the body can increase the risk of cancer, heart disease, and some neurological diseases such as Parkinson’s disease.

Misconception 4: Frozen fruit juices and powdered drinks maintain the stated levels of vitamin C for twenty-four hours when stored in the refrigerator.

Fact: This is not true. Frozen fruit juices and powdered drinks may provide beneficial amounts of vitamin C when drunk immediately after preparation. When they are stored in a cold place and exposed to light and/or air (oxygen), however, the vitamin C in the solution rapidly deteriorates. After twenty-four hours, more than 50 percent of vitamin C activity is lost. Orange juice in cartons may have more vitamin C than the orange juice in plastic containers, but repeated opening and closing diminishes vitamin C levels.

Misconception 5: To maintain good health or prevent cancer, some people believe they should take all their vitamins once a day. Others believe taking micronutrients, such as vitamin C, once in a while (for example, only during a cold) is enough.

Fact: These beliefs may not be true. The frequency with which one should take a multiple-vitamin preparation depends on the rate of degradation of the vitamins in the body. The rate of elimination of micronutrients in the body varies markedly from one vitamin to another; therefore, ingesting micronutrients once a day cannot maintain steady levels of micronutrients in the blood and tissue. Taking micronutrients, including antioxidants, twice a day (morning and evening with meals), however, will achieve a more constant level of these micronutrients in the body. Consuming antioxidants before a meal has the beneficial effect of reducing the formation of cancer-causing agents during the digestion of food (such as nitrosamine with nitrite-rich foods). Taking one or two micronutrients occasionally (for instance, only when one has a cold) has no real health value.

Misconception 6: Avoiding excessive consumption of red meat has no role in preventing cancer.

Fact: Laboratory experiments have shown that this may not be true. For example, excessive consumption of red meat in Western countries has been linked to the development of colon cancer, a finding that is supported by the fact that the incidence of colon cancer among Seventh Day Adventist, a religious group whose members are vegetarians, is extremely low (Fraser 1999). In addition, heme, a component of hemoglobin in the red blood cell, is present in red meat in larger amounts than in white meat and can cause increased proliferation of the cells lining the wall of colon, which can contribute to the risk of cancer. For this reason, excessive consumption of red meat should be avoided in order to maintain good health and reduce the risk of cancer.

Misconception 7: Supplementary micronutrients, including antioxidants, are not useful for cancer prevention.

Fact: This is incorrect and has been propagated by the results of a human clinical study (Albanes et al. 1995) in which a single micronutrient, beta-carotene, was administered orally once a day to individuals at high risk of developing cancer (such as heavy cigarette smokers) for several years. The results showed that the incidence of lung cancer and other cancers increased in the beta-carotene-treated group compared to those who did not receive beta-carotene. The use of one antioxidant alone in this high-risk population has no scientific merit for the following reasons: (a) heavy cigarette smokers have a high oxidative environment in their bodies; and (b) a single antioxidant, such as beta-carotene, will be damaged in such an environment and then will act as a pro-oxidant (free radical) rather than as an antioxidant. Therefore, increased incidence of cancer in the beta-carotene-treated group might actually be expected. Thus, the results obtained from the use of a single antioxidant should not be extrapolated to the effects that can be obtained by the use of multiple-antioxidant preparation in which other antioxidants will prevent conversion of one into a pro-oxidant. On the other hand, there are many laboratory studies and a few human studies that indicate that multiple supplementary micronutrients are essential in lowering the risk of cancer.

Misconception 8: The results of studies on micronutrients and cancer prevention have been published in prestigious peer-reviewed scientific journals; therefore, the recommendations based on such results must be true.

Fact: This may not be correct. For example, if the human studies have been performed on the role of micronutrients in reducing the cancer risk by epidemiologic study (survey-type study), they are important but not sufficient for making a recommendation to the public regarding the importance of micronutrients in cancer prevention. This is because such studies establish only an association between high intake of micronutrients and reduced risk of cancer; they do not establish whether supplementary micronutrients are essential for cancer prevention. Therefore, the results of survey-type studies must be confirmed by laboratory experiments as well as by human studies in which multiple micronutrients, including dietary and endogenous antioxidants, are administered orally daily, for several years, to populations at high risk of developing cancer. Any clinical study in which the efficacy of only one micronutrient on the incidence of cancer, in a high-risk population, has been evaluated should not be used to make recommendations to the public regarding the value of multiple micronutrients in cancer prevention.

Misconception 9: If a single antioxidant is effective in reducing the risk of cancer in animal models, the same result can be expected from using only one antioxidant in humans.

Fact: This belief is incorrect, although many researchers have utilized such an idea in the design of clinical studies in humans. The doses of individual antioxidants needed to reduce the incidence of cancer in animals are generally very high, and the extrapolation to equivalent doses in humans would result in toxic levels of some antioxidants. In addition, the rate of formation and degradation of micronutrients in the bodies of animals may be totally different from that of humans. The fact that the use of a single antioxidant is effective in reducing the risk of cancer in animals but not in humans further supports the idea that the results of animal studies on a single antioxidant and cancer prevention are not applicable to humans.

Misconception 10: A balanced diet is sufficient for optimal protection against cancer.

Fact: Although a balanced diet is necessary in the design of any cancer-prevention plan, it may not be adequate for optimal protection against cancer for the following reasons: (a) the concept of balanced diet is not well defined, and even when it is defined, it is difficult for all individuals to follow in a consistent manner; (b) trying to obtain the optimal levels of antioxidants such as vitamins A, C, and E and beta-carotene through a balanced diet only may not be possible or practical; (c) optimal levels of endogenous antioxidants such as glutathione, alpha-lipoic acid, and coenzyme Q10 cannot be obtained from a balanced diet; and (d) all foods that we consume on a daily basis contain both protective and toxic substances. In order to maximize the intake of protective substances, supplementary micronutrients, including dietary and endogenous antioxidants, should be used together with a healthy diet and changes in lifestyle for maximum protection against cancer.

Misconception 11: Our environment, including food and water, is already polluted, and we have to accept the increased risk of cancer as a part of living in today’s world.

Fact: Although it is impossible to remove all cancer-causing substances from our environment, diet, and water, we certainly can lessen their actions with proper supplementary micronutrients and a healthy diet and lifestyle.

Misconception 12: Large amounts of zinc are necessary for optimal health and cancer prevention.

Fact: Small amounts of zinc are essential for our survival. Many important biological reactions in the body require zinc for their activity; however, excess zinc may block the absorption of selenium, an important anticancer agent, and may impair the function of mitochondria. The normal function of mitochondria is essential for generating energy. Impaired mitochondria are associated with some neurological ailments such as Alzheimer’s disease and Parkinson’s disease.

Misconception 13: Cancer is a disease of old people, so you don’t have to worry as much about children following a cancer-preventing diet.

Fact: Although this may be true for some cancers (such as colon cancer and prostate cancer), many cancers can develop at any age. Thus, micronutrient supplementation and changes in diet and lifestyle are also important for children.

Misconception 14: We cannot do anything about reducing the risk of cancer in individuals who have a familial risk of developing certain types of cancer.

Fact: In view of recent laboratory experiments, this idea may not be correct. Insertion of a cancer-causing gene (mutated HOP-TUM-1) in female fruit flies makes them very vulnerable to developing the disease. The incidence of cancer in these flies is markedly enhanced by proton radiation (a form of ionizing radiation associated with cosmic radiation at high altitude, such as on the moon surface); however, supplementation with antioxidants through diet prevents radiation-induced cancer in these flies. Although these results cannot be readily extrapolated to humans, they suggest that the familial (inherited) risk of developing cancer could be reduced through micronutrient supplementation.

Misconception 15: Most supplementary micronutrients, including antioxidants, pass out of the body in the urine and feces, so taking them isn’t useful.

Fact: This belief is incorrect. There is no doubt that consumption of high doses of micronutrients can lead to increased levels of them and their degraded products in the urine and feces. But the beneficial actions of these micronutrients are also performed during the digestion of food. The absorption from the intestinal tract of most orally ingested antioxidants, at moderate doses, is about 10 percent; however, the presence of the remaining amounts of antioxidants in the intestinal tract perform very important beneficial functions. For example, increased amounts of vitamins C and vitamin E (alphatocopherol) are needed in the stomach to prevent the formation of nitrosamine, a potent cancer-causing agent that is formed from nitrite-containing foods such as bacon, sausage, hot dogs, or cured meat. These antioxidants can reduce the levels of toxins (mutagens that alter genetic activity and increase the risk of cancer) formed during digestion in the intestinal tract. For these reasons, higher-thannormal amounts of antioxidants in the urine and feces should not be considered wasteful, since they produce beneficial effects in the body even without being completely absorbed.

Misconception 16: Supplementary vitamin C causes kidney stones.

Fact: This effect of vitamin C has not been observed in normal individuals even at high doses. The link between vitamin C intake and kidney stones is derived from two observations: (1) people taking high doses of vitamin C sometimes show increased excretion of oxalic acid in the urine; and (2) many people who have kidney stones also have higher-than-normal levels of oxalic acid in the urine. These two observations may reflect independent biological events that are not always associated with the disease. In addition, there are no published reports to support the conclusion that high doses of vitamin C produce kidney stones in healthy individuals. The body normally neutralizes any acidic solution it takes in. If the urine becomes acidic, this suggests that the blood has reduced capacity to neutralize acid. In the presence of an acidic environment, some of the waste products in the kidney may solidify to form kidney stones. Therefore, in certain specific conditions in which one’s body has lost the capacity to neutralize acidic solutions, one should not take vitamin C in large amounts.

Misconception 17: Since antioxidants block the capacity of the endogenous antioxidant response after exposure to increased oxidative stress (excessive amounts of free radicals), taking antioxidants may be harmful to your health.

Fact: When the body is exposed to increased oxidative stress, the amounts of antioxidant enzymes become elevated to neutralize the action of free radicals. Pretreatment with antioxidants does not allow the elevation of antioxidant enzymes after exposure to increased oxidative stress. This is often interpreted to mean that antioxidants block the normal response of the body to meet the challenge of increased oxidative stress, and, therefore, could be harmful. This is an incorrect interpretation of the results. A more scientifically rational interpretation would be that antioxidants prevent oxidative stress; therefore, there is no need for the body to respond.

Misconception 18: Beta-carotene acts only as a parent of vitamin A and has no other function of its own.

Fact: Based on recent studies, this statement is incorrect. In addition to acting as a parent of vitamin A (one molecule of beta-carotene produces two molecules of vitamin A), beta-carotene has some biological effects that vitamin A does not. For example, beta-carotene enhances the expression of the connexin gene, which produces gap junction proteins in cancer cells, but vitamin A has no such effect. A gap junction protein is important in holding two normal cells together. Induction of this protein suggests that some cancer cells can become more like normal cells. Vitamin A is necessary for the differentiation of normal cells to various cell types in the body during development, whereas beta-carotene does not have this effect. There are other differences in action between vitamin A and beta-carotene on cancer and normal cells. Since they have different modes of action, the addition of both vitamin A and beta-carotene into multiple-vitamin preparations for cancer prevention is important. Unfortunately, the addition of beta-carotene is discouraged by the establishment at this time for fear that it may increase the risk of cancer.

Misconception 19: All fat-soluble antioxidants consumed at doses higher than RDA (recommended daily allowances) are toxic to humans.

Fact: This is not true for all fat-soluble antioxidants. Only vitamin A when taken at high doses over a long period of time or during pregnancy has been shown to be toxic. Vitamin E at high doses over a long period of time can increase the risk of bleeding in some individuals.

Misconception 20: Natural and synthetic antioxidants have similar effects on cancer cells.

Fact: Various organs in our body selectively absorb the natural form of vitamin E over the synthetic form. Natural beta-carotene can reduce the formation of radiation-induced cancer cells, whereas synthetic beta-carotene cannot.

Misconception 21: Antioxidants have one and only one function in normal and cancer cells: they protect them from free-radical damage.

Fact: In addition to destroying free radicals, antioxidants have some biological effects that are independent of antioxidant activity, such as gene regulation and induction of differentiation in cancer cells (converting them to normal-like cells in some cases). The effect of antioxidants on cancer cells depends on the dose of antioxidant and period of treatment.

Misconception 22: It is not possible for antioxidants to protect against damage produced by different types of harmful agents, such as radiation, toxic chemicals, and pathogenic viruses and bacteria.

Fact: Radiation (such as X-rays and gamma rays) and certain toxic chemicals (such as mustard gas and chlorine gas) cause the most damage to cells by producing excessive amounts of free radicals and acute or chronic inflammation. Among known prescription and nonprescription drugs, antioxidants are the only group of nutrients that can destroy free radicals, decrease acute and chronic inflammation, and stimulate immune function. A good immune system is necessary to prevent and recover from infection with harmful viruses or bacteria. Therefore, antioxidant-induced stimulation of the immune system will reduce the risk of infection by harmful microorganisms.

Misconception 23: Micronutrients alone are sufficient to treat all cancers.

Fact: Because of the complexities of cancer cells, no antioxidants, individually or in combination, are sufficient to treat cancer. However, intravenous infusion of extremely high doses of vitamin C has been shown to be of some value in extending the life span of individuals who have become unresponsive to standard cancer therapy. Using micronutrients in the treatment of cancer (during or after therapy) must be done according to scientific rationale and in consultation with oncologists who have knowledge of micronutrients; otherwise they may be ineffective or even harmful.

Misconception 24: High doses (therapeutic doses) and low doses (preventive doses) of antioxidants have similar effects on normal and cancer cells.

Facts: Therapeutic doses of antioxidants have been shown to inhibit the growth of cancer cells but have no such effect on normal cells. On the other hand, preventive doses of antioxidants generally have no effect on normal or cancer cells.

Misconception 25: Therapeutic doses of antioxidants alone or in combination may actually protect cancer cells during radiation therapy or chemotherapy.

Fact: Laboratory experiments have shown that therapeutic doses of dietary antioxidants such as vitamins A, C, and E and beta-carotene alone or in combination can increase the effect of radiation therapy and chemotherapy on cancer cells, but not on normal cells. On the other hand, administration of endogenous antioxidants such as glutathione-elevating agents (n-acetylcysteine and alpha-lipoic acid) may protect both normal cells and cancer cells. A few clinical studies published on this issue (see chapter 8) suggest that therapeutic doses of dietary antioxidants do not protect cancer cells during radiation therapy or chemotherapy. The value of therapeutic doses of antioxidants remains controversial, and most oncologists do not recommend them.


CONCLUDING REMARKS

At this time, many misconceptions exist about the value of micronutrients, including dietary and endogenous antioxidants, in health care and in cancer prevention and treatment. A few have been discussed in this chapter. Addressing these misconceptions is a challenge for researchers, physicians, and other health care professionals. Improving the health of the general population depends on the success of educating health care professionals and others about these misconceptions. Addressing these misconceptions is equally important in order to promote the correct utilization of micronutrient supplements for optimal health and cancer prevention and treatment. We recommend that you combine a scientifically based multiple-micronutrient preparation containing antioxidants with a balanced diet and changes in lifestyle for optimal health and prevention and treatment of cancer, founded on both the information in this book and consultation with your doctors and health care professionals.
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The Real Facts about Cancer

Damage to genetic material can increase the risk of cancer. The human genome (genetic material of the human body) contains about fifty thousand genes, but only about five thousand genes are considered active. This genetic material sustains about ten thousand mutations (changes in gene activity) per day as it is exposed to mutagens (agents altering gene activity) and carcinogens (cancer-causing substances) from environmental, dietary, and lifestyle-related factors. One of the consequences of such exposure is the development of cancer. Most cancers occur spontaneously and can develop at any age; however, a few hereditary tumors (tumors that are due to inherited genes) often arise at an early age. Some cancers are related to gender, such as prostate cancer in men and ovarian and cervical cancer in women. Some cancers develop more commonly at certain ages, such as colon cancer in older people and neuroblastoma (a cancer of embryonic nerve cells) in children and Wilms’ tumor (a tumor of the kidney) in younger people. Many cancers, however, can appear at any age.

There is also regional variation in the types and incidence of cancer around the world. In Western industrialized nations, such as the United States and the European Union, the predominant types of cancer include breast, colon, lung, and prostate. In the industrialized nations of the East, such as Japan, the incidence of breast cancer is lower, but the incidence of gastric and liver cancer is higher. In other areas, such as India, the Middle East, and China, the incidence of gastric, liver, and cervical 
cancer is higher. The incidence of lung cancer is high in many regions because of the prevalence of smoking (Prasad 2011).


INCIDENCE OF CANCER IN THE UNITED STATES

In spite of extensive research on cancer prevention during the past several
decades, the incidence of cancer appears to be on rise (Table 2.1),
having increased from 1.2 million new cases per year to about 1.5 million
new cases per year over the course of a decade.

[image: image]

The incidence of prostate cancer represents about 25 percent of all
cancers, breast cancer about 27 percent, lung cancer 14 to 15 percent,
and colon and rectal cancer about 10 percent. During the period of
2003 to 2005, the American Cancer Society estimated that the lifetime
probability of developing all types of cancer is 1 in 2 in men and 1 in 3
in women; for prostate cancer, 1 in 6; for breast cancer, 1 in 8; for lung
cancer, 1 in 13 in men and 1 in 16 in women; and for colon and rectal
cancer, 1 in 18 in men and 1 in 20 in women.

Cancer Mortality

The U.S. mortality rate from cancer has not changed significantly during
the past several decades, despite extensive research and development
of new treatment methods and drugs (Table 2.2).
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The cancer death rate data from 1991 may be abnormally high (251
deaths per 100,000 patients) compared with those in 2005 and 2006
(181 and 184 deaths per 100,000 patients). Thus, it appears that cancer
deaths in 2005 and 2006 were reduced markedly compared to those
in 1991, but they were not reduced significantly compared to those in
1950 (194 deaths per 100,000). It is more likely that the cancer death
rate that increased between 1950 and 1991 was later prevented through
advancement of current treatments. The reasons for the rise in cancer
deaths in 1991 are unknown.

In 2003 and 2004 the total deaths from all cancers were 552,888;
in 2006 they were 559,888; and in 2009 they were 562,340. These
data show that there was a progressively small increase in cancer
mortality—of 7,000 deaths in 2006 compared to that in 2003, and
an increase of 2,452 deaths in 2009 compared to that in 2006. Deaths
from lung cancer were highest in men (30 percent), compared to 26
percent in women. Deaths from other cancers include 9 percent from
prostate cancer in men, 15 percent from breast cancer in women, and 9
percent from colon and rectal cancer in both men and women. About
26 percent of all male deaths and 23 percent of all female deaths were
due to cancer.

The above data on cancer incidence and mortality suggests that
the incidence of new cancer is increasing, while there is no significant change in death rates from cancer since 1950. On the contrary, there appears to have been a slight increase in cancer deaths since 2003. An effective cancer-prevention strategy remains one of the most hopeful approaches to reduce the incidence of cancer in humans. In addition, new treatment approaches are needed to reduce death rates from cancer.

Cost of Cancer

In 2009 the National Institutes of Health estimated that the overall annual direct and indirect cost of cancer in 2008 was $228.1 billion. This cost included $93.2 billion for medical expenses, $18.8 billion for lost productivity due to illness, and $116.1 billion for lost productivity due to premature death.




WHAT ARE CANCER CELLS?

Tumor is the common term used for both malignant and benign growths of cells. The growth of cancer cells in the body depends on several factors, such as nutritional status and vascular supply. Some tumors, such as certain ovarian and breast cancers and prostate cancer, also use sex hormones for their growth.

Cancer cells divide like normal cells, but unlike normal cells, which regularly undergo differentiation (maturation) and death every day, they continue to divide without restriction and can invade and spread to distant organs in the body. The process of spreading to distant organs is called metastasis. When normal cells are grown outside the body in laboratory petri dishes, a procedure known as tissue culture or cell culture, they have a limited life span, and all cells eventually die even when they have adequate nutrients and space to grow. In this sense, normal cells can be considered “mortal.” On the other hand, cancer cells will continue to grow indefinitely in tissue-culture petri dishes, provided sufficient nutrients and space are available. In this sense, cancer cells are considered “immortal.” Cancer cells can arise in any organ that contains dividing cells (e.g., bone marrow, skin, intestine, breast, lung, colon, and prostate) or that has cells that normally do not divide but will divide if properly stimulated (e.g., liver cells, and glial cells in the brain).




CLASSIFICATION OF TUMORS

Tumors can be classified into two major categories: benign tumors and malignant tumors. Benign tumor cells divide abnormally, form a mass, and grow slowly but do not metastasize (spread to distant organs). Examples of benign tumors are polyps in the colon and fibroadenoma in the breast. A benign tumor, if not removed, can become malignant in rare cases after a prolonged period of time. Malignant tumors can metastasize to distant organs. If they arise from mesenchymal tissue (such as connective tissue, bone marrow cells, and bone), they are called sarcomas. A few examples of sarcomas are osteosarcoma (bone cancer), fibrosarcoma, and liposarcoma (cancer of the fat cells). If malignant tumors arise from epithelial cells (cells that cover surfaces or line cavities in the body), they are called carcinomas. Examples of carcinomas include adenocarcinoma of the lung and squamous cell carcinoma of the skin. Other types of malignant tumors include melanoma (cancer of pigment-producing cells called melanocytes), lymphoma, and leukemia (cancer of the white blood cells). Most human tumors are of epithelial-cell origin. Different tumors spread through distinct pathways. Some migrate to various organs through the lymphatic system and others through the blood vessels. The liver and lungs are common sites for metastases.




MAJOR WARNING SIGNS AND SYMPTOMS OF CANCER

The major warning signs and symptoms of cancer vary markedly, depending on the type of cancer. Some of these are briefly described below.

General: Weakness, fatigue, and significant weight loss

Breast cancer: Persistent lump, bloody discharge from the nipple, ulcer that does not heal, retraction of the nipple, dimpling of the skin

Lung cancer: Persistent cough, coughing up blood, chest pain

Cervical cancer: Spotting of blood after intercourse, painful intercourse, discharge from the vagina

Skin cancer: Increase in size, ulceration, or change in color of a mole; nonhealing and persistent ulcer

Rectal and colon cancer: Alternating diarrhea and constipation, bloody discharge in the stool, and associated weight loss

Bone cancer: Prolonged pain in the bones without any injury, with or without swelling

Testicular cancer: Persistent, firm swelling in the testis, usually without pain

Hodgkin’s disease: Firm and painless enlargement of the lymph nodes, fever, excessive sweating, fatigue

Leukemia: Weakness, loss of appetite, bone and joint pain, fever, lymph-node swelling




HOW DO NORMAL CELLS BECOME CANCEROUS?

The processes of converting normal cells to cancer are very complex in humans. In general, it is believed that when dividing normal cells accumulate several genetic defects (mutations or altered genetic activity) over a long period of time, they become cancer cells. Human tumors have a long latent period (three to thirty years), defined as the time interval between exposure to carcinogens and the formation of clinically detectable cancer. This implies that preventive strategy can be implemented in high-risk populations at any time before cancer becomes detectable. Despite extensive research on the formation of cancer cells, the primary genes that initiate the development of human cancer remain elusive in most cases. Some proposed ideas on cancer formation include activation of oncogenes in normal cells, loss of tumor-suppressor genes from normal cells, and infection with cancer-causing viruses.

Some scientists proposed that the process of cancer formation from normal cells can be divided into two phases: the tumor-initiating phase and the tumor-promoting phase (Boutwell 1983). Agents that can initiate the process of cancer formation are called tumor initiators. High doses of tumor initiators are sufficient to cause cancer; low doses of tumor initiators may not cause cancer unless they are helped by tumor promoters—agents that cause tumor promotion. Even high doses of tumor promoters alone generally do not give rise to cancer. This theory of cancer formation has been useful in identifying cancer-causing and cancer-protective substances. Some commonly known tumor initiators and tumor promoters are listed below. Most of them are found in the diet, environment, lifestyle, and workplace.

Commonly Known Tumor Initiators

Nitrosamine

Benzo(a)pyrene

7,12-Dimethylbenz(a)anthracene

Asbestos

Contents of tobacco smoke

Polychlorinated biphenyl

Diethylstilbestrol

Polyvinyl chloride

Pesticides (malathion, parathion, kepone, DDT)

Aflatoxin

Dioxin

Most chemotherapeutic agents

Ionizing radiation (X-rays and gamma rays)

Ultraviolet radiation

Commonly Known Tumor Promoters

Certain hormones, such as estrogen

Excess fat, proteins, or carbohydrates

Saccharine

12-O-tetradecanoylphorbol-13-acetate (found in coal tar)

Extract of unburned tobacco

Surface-active agents (sodium lauryl sulfate)

Iodoacetic acid

Phenobarbital

Human beings are seldom exposed to high doses of tumor initiators or
tumor promoters, but they are frequently exposed to low doses of these
cancer-causing substances. They are also exposed to varying doses of
cancer-protective substances. If the relative amounts of cancer-protective
substances in the body are higher than those of cancer-causing agents,
the risk of cancer development is reduced. Laboratory experiments have
shown that the combined influence of two tumor initiators is more
effective in producing cancer than the influence of an individual agent
acting alone (Prasad, Cole, and Hovland 1998).

Based on microscopic examination of the progression of cancer formation
in a given tissue, we have proposed that normal cells go through
three distinct stages before they become cancerous (Prasad, Cole, and Hovland 1998). A diagrammatic representation of this model is shown
below.


[image: image]

Mutations in genetic material (changes in the DNA) of cells occur constantly
in the body. During the first stage of cancer formation, mutations
can occur in normal dividing cells from exposure to cancer-
causing substances associated with the environment, diet, and lifestyle; from a deficiency in the natural repair system; or from a deficiency in protective substances, such as antioxidants. These mutations can also occur spontaneously. The mutated normal cells may die or survive, depending upon the severity of genetic defects. The surviving mutated normal cells continue to divide, differentiate, and die similar to the patterns observed in unmutated normal cells. These mutated cells continue to accumulate additional mutations at a higher rate but continue for a long period of time to divide, differentiate, and die like unmutated, normal dividing cells.

During the second stage of cancer formation, more mutations occur. When mutations occur in specific genes that are responsible for inducing differentiation, the mutated cells continue to divide without achieving differentiation and subsequent cell death. Such cells become “immortal” and form precancerous or benign growths such as polyps in the colon. These cells continue to proliferate to form a mass.

During the third stage of cancer formation, the “immortal” cells continue to accumulate additional mutations. Most of these mutations play no role in converting immortal cells to cancer cells; however, when mutations occur in specific cellular genes, such as oncogenes (cancer-causing genes) or tumor-suppressor genes, immortal cells become cancerous.

The above model shows that intervention with cancer-preventive agents can be made at any time during the first or second stage of cancer formation in order to reduce the risk of cancer. Cancer-preventing agents could also be useful, if they are administered prior to cells becoming cancerous, because they can reduce the risk of additional mutations in benign tumor cells. The latent periods (time interval between normal mutated cells converting to immortal cells, and between immortal cells to cancer cells) can vary from a few to many years.

As stated previously, most mutations do not have any significant impact on tumor behavior; however, when mutations occur in certain genes, the cancer cells can become very aggressive and cause distant metastasis. Although several studies have tried to establish the relationship between defects in a particular gene and aggressive behavior of tumors, the results have not been consistent.




FAMILIAL CANCER

Most cancers occur spontaneously. They can be induced by cancer-causing substances that are present in the environment, diet, and lifestyle. However, some cancers can occur at an early age because of family history. These include some breast cancers, retinoblastoma, and some colon cancers.

Breast Cancer Genes (BRCA1 and BRCA2)

Breast cancer can occur spontaneously or can be inherited (generally from the mother). Familial breast cancers tend to occur at an earlier age. Two breast-cancer genes, BRCA1 and BRCA2, have been identified (National Cancer Institute 2009). Both are tumor-suppressor genes; in normal cells, these genes help ensure stability of genetic material (DNA) and suppress uncontrolled growth of cells. Mutations in the BRCA1 and BRCA2 genes have been linked with familial breast cancer and ovarian cancer; women who inherit these mutated genes have a greatly increased risk of developing breast and/or ovarian cancer. Although the incidence of breast cancer in men is very low, the mutation of BRCA1 or BRCA2 also increases the risk of the disease in men. Both men and women who have mutated forms of BRCA1 or BRCA2 may be at increased risk of other cancers as well, such as cervical cancer, uterine cancer, pancreatic cancer, colon cancer, and melanoma in women; and pancreatic cancer, testicular cancer, and the early onset of prostate cancer in men (National Cancer Institute 2009).

We should point out that not every woman who has a BRCA1 or BRCA2 mutation will develop breast and/or ovarian cancer. The presence of these mutated genes simply increases the risk of cancer. A woman who has inherited the mutated form of BRCA1 or BRCA2 is about five times more likely to develop breast cancer than a woman who does not have this mutation. In the United States, mutations of BRCA1 and BRCA2 account for 5 to 10 percent of breast cancers and 10 to 15 percent of ovarian cancers among white women. Not all children of people who have mutated forms of BRCA1 or BRCA2 will inherit these mutated genes (National Cancer Institute 2009).

Blood tests are available to check for BRCA1 and BRCA2 mutations. The cost of genetic testing in the United States can vary from several hundred to several thousand dollars.

At present, there are some options available for individuals who have tested positive for the BRCA1 or BRCA2 mutation. They include:


	
Surveillance: Screening methods for breast cancer involve mammography and/or MRI (magnetic resonance imaging), and clinical breast examination. For ovarian cancer, screening methods involve transvaginal ultrasound, blood tests for the CA-125 antigen, and clinical examination.

	
Prophylactic surgery: Removal of both breasts, and the fallopian tubes and ovaries. Removal of these tissues does not guarantee against developing cancer.

	
Risk avoidance: High blood levels of estrogen increase the risk of breast cancer; therefore, the FDA has recommended that hormone replacement therapy (HRT) be used only at the lowest doses for the shortest period of time needed to reduce the discomfort of menopause. It is very important for women to consult their doctors when deciding to take HRT because of its increased risk of cancer.

	
Lifestyle and diet: Obesity, lack of physical activity, and excessive consumption of alcohol or dietary fat may increase the risk of breast cancer, and, therefore, they should be avoided.

	
Preventing agents: Tamoxifen and raloxifene are FDA-approved drugs that are useful in reducing the risk of breast cancer in high-risk populations (Vogel et. al. 2010; Ntukidem et al. 2008); however, in some individuals, tamoxifen increases cholesterol levels and the risk of stroke, which can be prevented by supplementation with antioxidants such as vitamins E and C (Babu et al. 2000). In addition, a low-fat and high-fiber diet with plenty of fruits and vegetables can also reduce the risk of breast cancer in high-risk populations. Supplementation with multiple micronutrients containing dietary and endogenous antioxidants may also be important for reducing the risk of cancer.



Retinoblastoma

Retinoblastoma is a tumor of the eye. It occurs in early childhood and accounts for about one case of tumor in every twenty thousand children. The average annual incidence of retinoblastoma in the United States is 5.8 per million under the age of ten years and 11.8 per million under the age of five years. The tumor develops from an immature retina (the part of the eye responsible for detecting light and color). Retinoblastoma can occur spontaneously or can be inherited from a family member who had this tumor. In the familial form of retinoblastoma, multiple tumors are found in both eyes, while in the spontaneously occurring form, only one tumor is present in one eye.

Initially, a gene was identified in the familial form of retinoblastoma. This gene acts as a tumor suppressor and is present in all cells of the body. In retinoblastoma this gene is lost. The loss of or mutation in this gene increases the risk of developing a second cancer. Ninety percent of individuals who have lost or have a mutated form of the retinoblastoma gene will develop this tumor (Aerts et al. 2006).

Retinoblastoma, if not treated, is fatal. The early diagnosis and modern methods of treatments (radiation therapy and chemotherapy) have produced a more than 90-percent cure rate. Unfortunately, about 51 percent of patients with familial retinoblastoma will develop a second cancer within five decades of initial radiation therapy. In addition, the risk of vision loss is high after therapy.

Colon Cancer

Colon cancer can occur spontaneously (most cases) or can be inherited. There are two forms of familial colon cancer: familial adenomatous polyposis and familial non-polyposis colorectal cancer. In case of familial adenomatous polyposis, individuals may have hundreds to thousands of colon polyps at a young age. Both familial forms of polyps increase the risk of colon cancer. Generally, the more family members affected and the earlier the age of diagnosis, the greater the risk of developing colon cancer. If you have a sibling or parent who has been diagnosed with colon cancer, your own risk of developing this cancer is about 1.7 times greater than for individuals who have no family history of colon cancer. On the other hand, if you have two immediate family members with colon cancer, your risk of developing this tumor is 2.7 times greater than for individuals who have no family history of the disease.




MISINTERPRETATION OF LABORATORY DATA ON CANCER-CAUSING SUBSTANCES FOR HUMANS

In laboratory experiments involving cells growing in dishes or using animals, a single tumor initiator, alone or in combination with a tumor promoter, is commonly used for the study of cancer formation. A high dose of these agents is needed to cause cancer. The relevance of this observation to human cancer is often ignored on the grounds that humans are never exposed to such high levels of tumor initiators or tumor promoters. In the real world humans are exposed to many tumor initiators and promoters at very low doses over a long period of time. Laboratory experiments have shown that these potential carcinogens interact with each other synergistically to produce tumors; for this reason the significance of laboratory data on high doses of cancer-causing substances should not be ignored, and every effort must be made to reduce exposure to all carcinogens identified by laboratory experiments.

How to Interpret Human Cancer Studies

To study the relationship of potential carcinogens and cancer in humans, we rely on studies in which we recruit humans who are normally exposed to potential cancer-causing substances or cancer-protective substances from the environment, diet, and lifestyle. The incidence of cancer in this group is compared with those who are not exposed to the same agent during the period of study. This type of study is called an epidemiologic study (survey type). Epidemiologic experiments are the only tool available to study the association of potential carcinogens with human cancer, because humans cannot be used directly to study the effect of a potential carcinogen on cancer formation. Epidemiologic experiments represent a powerful and useful method for establishing an association between potential carcinogens and the risk of cancer; this type of human study was responsible for establishing the association between tobacco smoking and lung cancer in the 1960s. This association was subsequently confirmed by the laboratory experiments. It is misleading and incorrect, however, to interpret epidemiologic studies to mean that a potential carcinogen identified by these experiments actually causes cancer in humans. Epidemiologic findings must be confirmed by laboratory experiments on human cells or on animal models before such potential carcinogens are designated as human carcinogens.




CONCLUDING REMARKS

Despite extensive research on cancer formation and prevention, the cancer death rate increased between 1950 and 1991; however, in 2006 the death rate was similar to that observed in 1950. This suggested that rise in cancer death rate was prevented by current treatment modalities.

The genetic material in normal cells goes through a series of mutations that take several years to become cancer cells. Several tumor-initiating and tumor-promoting agents have been identified in the environment, lifestyle, and diet. Thus, we can work to limit our exposure to these carcinogens in order to reduce the risk of cancer. Epidemiologic studies are the only way to establish an association between a potential carcinogen and risk of cancer in humans; however, this association must be confirmed by laboratory experiments in which a potential carcinogen actually causes cancer. If epidemiologic studies are not properly performed and interpreted, they can cause confusion among the public about which factors play significant roles in causing or increasing the risk of cancer. These studies are often interpreted as a cause and effect, rather than an association.
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TABLE 2.3. THE THREE STAGES OF CANCER
FORMATION FROM NORMAL CELLS IN HUMANS

First Stage

Mutations in normal cells - Surviving mutated cells (proliferate,
differentiate, and die in a normal pattern)

Second Stage

Mutation in differentiation gene (proliferate without differentiation,
become immortal cells and form tumor mass, such as adenoma in colon)

Third Stage

Mutation in immortal cells cells - Cancer cells
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